/ CLIMATE VULNERABILITY MONITOR

A GUIDE TO THE COLD CALCULUS OF A HOT PLANET







O

KEY T0 THE MONITOR

O

ECONOMIC COST

DEATHS
[
@ 00 = vear < 2030 M A
CLIMATE CHMATE " chanee
T VULNERABILITY
CLIMATE

COMBINED

ELIMATE +®EARBDN
0

VULNERABILITY

€ INCREASING

@ smeLE

© DecreAsNG

ACUTE + ACUTE -

ACUTE®

000

CHANGE IN
VULNERABILITY

COUNTRY GROUP CARBON
MULTI-DIMENSIONAL
VULNERABILITY
CARBON
MULTI-DIMENSIONAL
ACITY
COUNTRY GROUPS
@ ~cute ® DEVELOPED
@ stvere @ OTHERINDUSTRIALIZED
HIGH 3 DEVELOPING COUNTRY HIGH EMITTERS
MODERATE (@) DEVELOPING COUNTRY LOW EMITTERS
@ ov
SEVERE + SEVERE- HIGH +

MOZAMBIQUE — covvres

00 = vear < 2030

W \ 4
©H+otspats

Countries estimated to experience among the largest
total impacts of any country irrespective of overall size of
population or wealth/GDP in at least one of the indicators

MULTI-DIMENSIONAL CAPACITY

@ cxTEnsIvE
€ NTERVEDIARY
© resreTeD

@ HGHLY RESTRICTED

HIGH - MODERATE LOw



COUNTRY GROUPS

List of countries by main Monitor country groups

DEVELOPED (ANNEX1T)

Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg,
Netherlands, New Zealand, Norway, Portugal, Spain, Sweden,
Switzerland, United Kingdom, United States

OTHER INDUSTRIALIZED
(ANNEX T OUTSIDE OF ANNEX 11)

Belarus, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia,

Lithuania, Malta, Poland, Romania, Russia, Slovakia, Slovenia, Turkey,

Ukraine

DEVELOPING COUNTRY HIGH EMITTERS
(NON-ANNEX I ABOVE 4 TONS CO,£ 2005)

Algeria, Antigua and Barbuda, Argentina, Azerbaijan, Bahamas,
Bahrain, Belize, Bolivia, Bosnia and Herzegovina, Botswana, Brazil,
Brunei, Bulgaria, Cambodia, Central African Republic, Chile, China,
Congo, Cote d’lvoire, Cyprus, DR Congo, Equatorial Guinea, Gabon,
Grenanda, Guatemala, Guinea, Guyana, Indonesia, Iran, Iraq, Israel,
Kazakhstan, Kuwait, Laos, Libya, Macedonia, Malaysia, Mexico,
Mongolia, Myanmar, Namibia, North Korea, Oman, Papua New
Guinea, Paraguay, Qatar, Saudi Arabia, Seychelles, Singapore,
Solomon Islands, South Africa, South Korea, Suriname, Thailand,
Trinidad and Tobago, Turkmenistan, United Arab Emirates, Uruguay,
Uzbekistan, Venezuela, Zambia

DEVELOPING COUNTRY LOW EMITTERS
(NON-ANNEX 1 BELOW 4 TONS CO,£ 2005)

Afghanistan, Albania, Angola, Armenia, Bangladesh, Barbados,
Benin, Bhutan, Burkina Faso, Burundi, Cape Verde, Chad, Colombia,
Comoros, Costa Rica, Cuba, Djibouti, Dominica, Dominican Republic,
Ecuador, Egypt, El Salvador, Eritrea, Ethiopia, Fiji, Gambia, Georgia,
Ghana, Guinea, Guinea-Bissau, Haiti, Honduras, India, Jamaica,
Jordan, Kenya, Kiribati, Kyrgyzstan, Lebanon, Lesotho, Liberia,
Madagascar, Malawi, Maldives, Mali, Marshall Islands, Mauritania,
Mauritius, Micronesia, Moldova, Morocco, Mozambique, Nepal,
Nicaragua, Niger, Nigeria, Pakistan, Palau, Panama, Peru, Philippines,
Rwanda, Saint Lucia, Saint Vincent, Samoa, Sao Tome and Principe,
Senegal, Sierra Leone, Somalia, Sri Lanka, Sudan/South Sudan,
Swaziland, Syria, Tajikistan, Tanzania, Timor-Leste, Togo, Tonga,
Tunisia, Tuvalu, Uganda, Vanuatu, Vietnam, Yemen, Zimbabwe
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@® A GREAT DEAL has been
written on the influence of the
absorption of the atmosphere
upon the climate.. Another
side of the guestion that has
long attracted the attention of
physicists, is this: Is the mean
temperature of the ground
in any way influenced by the
presence of heat-absorbing
gases in the atmosphere? (..)
If the quantity of carbonic
acid [C0,] decreases from I to
0.67, the fall of temperature
is nearly the same as the
increase in temperature if this
quantity augments to 1.5. And
to get a new increase of this
order of magnitude (3-4°C), it
will be necessary to alter the
quantity of carbonic acid till it
reaches a value nearly midway

between 2 and 2.5

SVANTE AUGUST ARRHENIUS
April 1896

The London, Edinburgh,
and Dublin Philosophical
Magazine and Journal

of Science

@@ FEW OF THOSE familiar with
the natural heat exchanges
of the atmosphere, which
go into the making of our
climates and weather,
would be prepared to admit
that the activities of man
could have any influence
upon phenomena of S0
vast a scale.. | hope to
show that such influence
is not only possible, but it
is actually occurring at the
present time.”

GUY STEWART CALLENDAR

April 1938

Quarterly Journal of the Royal
Meteorological Society

®@ |F AT THE END of this

century, measurements
show that the carbon
dioxide content of

the atmosphere has
risen appreciably and

at the same time

the temperature has
continued to rise
throughout the world. it
will be firmly established
that carbon dioxide is

an important factor in
causing climatic change.”

GILBERT NORMAN PLASS
May 1956
American Journal of Physics



SSTHE EARTH'S CLIMATE A HUNDRED YEARS

system has demonstrably
changed on both global [TOM now, look Ng

and regional scales since jack. the Un|y Juestion

the pre-industrial era.. The ' )
atmospheric concentrations _']at W ” dhped
of key anthropogenic mpo tant about the
oreenhouse gases (ig. nistorical moment in
carbon dioride (CO0,). ) o
eached thei highest which we now live
ecorded levels in the 13930s” 1S {Ne question of
P whether or nat we
did anything to arrest
climate change.

THE ECONOMIST
December 2011
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RerALE

THIS REPORT CHALLENGES A CONVENTIONAL VIEW: THAT

GLOBAL ACTION ON CLIMATE CHANGE IS A COST T0 SOCIETY.

INSTEAD, IT ENLIGHTENS OUR UNDERSTANDING OF HOW
TACKLING CLIMATE CHANGE THROUGH COORDINATED
EFFORTS BETWEEN NATIONS WOULD ACTUALLY PRODUCE
MUCH-NEEDED BENEFITS FOR ALL

limate change is already with us. It Kills.

It steals livelihoods. And it takes the most

from those who have the least. But the costs

are largely hidden from our understanding.

Inaction on climate change actually takes from

us all. Only together can we plot a different
course: one of greater prosperity and well-being.
Technical barriers no longer hold back our transition to
a low-carbon world, and technological solutions exist to
manage risks. We struggle instead with other barriers.
There are political barriers: while some countries are
committed to change and making progress, there is
still a lack of conviction among the governments of too
many industrialized and developing nations.
Social and cultural barriers also exist: lack of
understanding causes popular indifference or even
hostility to sensible change.
And financial barriers mean that only a fraction of the
resources needed for low-carbon development and to
support worst-hit communities are being made available.
To tackle all these barriers, 20 countries highly
vulnerable to climate change came together to form
the Climate Vulnerable Forum.
Our countries favour action on climate change. We are
frustrated with the inadequacy of the global response
and a world economy that continues to price carbon
irresponsibly. We bear witness to the extremes at the
climate frontlines of today. Despite having contributed the
least to climate change, we are forced, almost unaided,
to take costly measures to protect our people and our
economies. We know the world is rapidly becoming more
not less vulnerable, and that all our fates are tied.



"Many Forum governments are already embracing
the call to action: Bangladesh has committed
never to exceed the average per capita emissions
of the developing countries. Costa Rica aims to be
carbon neutral by 2021 But there are limits to what

individual countries can achieve."

Farmers face more hot days as they set to work.
Families are sleeping outside in mosquito-infested
areas because their homes are unbearable in the heat
of the night. Roads and buildings on permanently
frozen land in the cooler regions are being damaged as
melting sets in. Rivers are drying up, causing transport
shocks, while unprecedented floods are devastating other
areas. Salt from rising seas harms fertile land and fresh
water supplies. Coastlines erode. Land is submerged.
Populations fail to make a living. People move.

Pollution also kills. It acidifies lakes and oceans,
poisons plants and animal life, corrodes infrastructure
and contaminates the air we breathe.

We pay for each of these damages in lives, suffering
and dollars. Yet the world has struggled to see how all
these concerns are interlinked. That is why this report
has sought to tackle our knowledge barriers.

With a better understanding of the full array of issues
and the causes behind them, nobody should remain
indifferent or inactive.

The Climate Vulnerable Forum commissioned this
second Climate Vulnerability Monitor at its Ministerial
Meeting at Dhaka in November 2011. The report was
again mandated to DARA for independent development
and was reviewed by an external Advisory Panel and
Peer Review Committee comprised of international
authorities on this subject.

Against a struggling world economy, its main findings
offer sobering news: climate change is already lowering
economic output globally and will increasingly hold
back growth - unless strong action is urgently taken.
Its pages seek to move us to act by highlighting the

SHEIKH HASINA
Prime Minister of Bangladesh
JOSE MARIA FIGUERES

Trustee of DARA, Former President
of Costa Rica
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human plight of an increasingly hotter and more
polluted planet. Severe impacts on livelihoods, health
and the world’s poorest groups speak of fundamental
injustices that simply cannot go unaddressed.

The report relies on the incredible wealth of some of
the most recently published research and scientific
knowledge, assimilating literally hundreds of studies
and bodies of data into a common framework that
makes its collective meaning clear. More research

is plainly needed and will continuously enrich our
understanding, but improving knowledge should not be
a premise to refrain from acting when so much

is at stake.

In the past, humanity has prevailed against recognized
threats to our security and prosperity. Today there

are two wars we must win: the continued fight against
poverty, and the new challenge of climate change.
Both can be tackled simultaneously with the same
policy framework that would shift our development
path to a low-carbon footing. Taking action, we can
lessen the social, economic and environmental
damages of a carbon-intensive economy.

We would create jobs, investment opportunities,

new possibilities for international cooperation and
technological deployment to the benefit of all.

Despite capacity constraints, many Forum
governments are already embracing the call to

action: Bangladesh has committed never to exceed
the average per capita emissions of the developing
countries. Costa Rica aims to be carbon neutral

by 2021. But there are limits to what individual
countries can achieve.

Solving the climate challenge requires broadest
international cooperation. And yet countries still
argue economic barriers to change. This report argues
instead that strong measures on climate change would
reap the most monetary benefits for society.

Indeed, building global partnerships where all nations
can fully participate in the transition to a low-carbon
economy will lessen costs and heighten the social,
environmental and economic dividends for all. Just
as supporting vulnerable communities will ultimately
improve the well-being of society as a whole.

Divided, we face declining prosperity and immense
suffering. Together, we have the chance to strengthen
global welfare and safeguard the fate of the nations.
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14 | INTRODUCTION

TWO DECADES OF FAILURE TO ACT
DECISIVELY ON CLIMATE CHANGE
HAVE MADE THE EARTH HOTTER
AND MORE POLLUTED.! There is
still a window of opportunity, fast
closing, to scale back pollution and
tame the rising heat. But the world
economy is locked onto a different
course: fossil fuel consumption

is expected to continue its rapid
growth in the coming decades.?
Major economies not committed to
low-carbon development would need
to enact policy changes to alter this
fact. Current frontline stockpiles

of hydrocarbons - of oil, coal, and
gas - are multiples of what could
possibly be consumed this century
if the climate is to be kept under
control, despite being valued as if all
and more of these will be burnt.?
The cold calculus of a hot planet

is that millions of people already
suffer from the failure of the world
economy to embark on a low-carbon
transition. This report estimates that
5 million lives are lost each year
today as a result of climate change
and a carbon-based economy,

with detailed explanations for

why this is the case found in the
relevant chapters that follow. In
particular, effects are most severe
for the world’s poorest groups
whose struggle against poverty is

THE CLIMATE VULNERABLE FORUM

worsened.* Although no country is
spared the impact: a depleted ozone
layer for instance - also caused

by potent greenhouse gases - has
significantly increased the incidence
of skin cancer, above all in the
wealthiest of countries. The US

will lose more than 2% of its GDP

by 2030 according to this report’s
estimates.®

On the basis of this report’s
comprehensive reassessment of
the incremental costs and benefits
of a hotter, more polluted planet,
a second cold calculus can

also be made.

Climate change is found to have
already set back global development
by close to 1% of world GDP.

This impact is felt, but rarely
counted, in the bottom lines of
companies, industries and major
economies, and is already playing

a role in determining the wealth

or poverty of nations. Inaction

on climate change cost Least
Developed Countries an average of
7% of their GDP for the year 2010 -
with losses that will greatly increase
in the years ahead. Indeed, the
explosive increase in heat expected
over the coming decades will only
lead to a corresponding escalation
in these costs, increasingly holding
back growth as emissions go

U e GULD GALLL
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unabated and efforts to support the
worst-affected communities fail to
meet the challenges at hand.

The losses incurred already exceed
by a significant margin any costs

of reducing emissions in line with

a low-carbon transition.® Action

on climate change would therefore
already reap monetary benefits

for the world, both globally and for
major economies like the US, China
and India.

So the second cold, bottom-line
calculus of a hot planet is that
tackling climate change is already
sensible in economic terms

today. The step will also minimize
widespread illness and mortality
that inaction causes. And it would
bolster the fight against poverty
while helping to safeguard a natural
world in steep decline.”

The findings of this report differ
from previous studies that largely
understand climate change as a net
benefit or minimal cost to society
today (or prior to mid-century), and
which inform current economic
decision-making on climate change,
making it easier for governments to
avoid serious action.®

While the methods of this study
resemble previous research, three
key distinctions in the approach have

led to fundamentally different results.

The Climate Vulnerable Forum (CVF) is an international cooperation group for coordination, advacacy and knowledge-
building among countries that face significant insecurity due to climate change. The Forum has distinguished itself
through a determination to catalyze more effective and broad-based action for tackling the global climate challenge,
internationally and nationally. Founded in 2009 by the Maldives, it now includes 20 governments and is a major foreign
nolicy initiative of its current chair, Bangladesh. The Climate Vulnerability Monitor's second edition was commissioned
at the November 2011 Ministerial Meeting of the Forum at Dhaka, Bangladesh.

INTRO-
DUCTION

First, this report draws on the most
recent science and research into
different climate-related impacts,
taking advantage of the incredible
growth in understanding on this
issue since the 1990s era research
that provides the basis of almost all
other studies of this kind.®

Second, building on freshly available
research, a number of new effects
are considered here. Chief among
these is the impact that increasing
heat has on labour productivity, or
the fact that workers (especially
outdoors) produce less in a given
hour when it is very hot. Fractional
increases in global temperature can
translate into tens of additional hot
days with each passing decade.!
Labour productivity is estimated to
result in the largest cost to the world
economy of any effects analysed

in this report. Other effects newly
considered here include the thawing
of permafrost in cold regions and
the accelerated depreciation of
infrastructure that results as frozen
land shifts when it thaws.'*

Finally, this report also considers a
full range of the closely inter-linked
costs and benefits of the carbon
economy, independent of any
climate change impacts. When
accounting for the large-scale

costs imposed by carbon-intensive
hazards to human health, the
environment and economic sectors,
such as the fisheries industry, the full
costs of inaction are laid bare.
Human society and the natural
world, it turns out, are fundamentally
susceptible to changes in ambient
heat. Civilization itself emerged
during an age subsequent to the last
glacial era that was characterized

by a uniquely stable and mild



climate. The balance is delicate:

a few degrees cooler and much of
the northern hemisphere freezes.'?
Several degrees hotter and parts
of the planet exceed the thermal
maximum at which human beings
can exist outdoors."

The world is just one degree
Celsius (1.8° F) hotter than prior
to industrialization - the principal
cause of climate change.* But small
changes count: Ghana for instance,
a focus country in this report, has
warmed faster than others. In

just 50 years, the number of very
hot days in Ghana has increased
by 50 in number.** Inaction on
climate change would see Ghana
experience three to five times

that increase in heat this century
alone.'

It goes almost without saying

that changes of this proportion
have profound effects for human
beings, the natural environment
and the market economy. Releasing
gigatonnes of carbon dioxide and
other pollutants and gases into the
atmosphere every year is neither

a safe, sound nor healthy practice
when cleaner, safer and more
environmentally sound alternatives
so readily exist. Low-carbon energy
solutions -such as wind, solar,
tidal or geothermal power - involve
10 to 100 times less negative
externalities than carbon-intensive
alternatives.!’

Even for the sceptically minded,
the argument for switching to safer,
less damaging energy sources can
be justified on account of the heavy
costs of the prevailing carbon-
intensive means.

The Climate Vulnerability Monitor
(hereafter: “the Monitor”) was
commissioned by the Climate
Vulnerable Forum, an international
cooperation group of climate-
insecure countries, and mandated
to DARA as an independent global
study into precisely these effects.
As its name indicates, the report
serves to monitor the evolution of
changes related to the climate as
they are already being felt around

the world. Its role is to shed light on
how society experiences inaction
on the climate crisis today in order
that the insight might assist in
enhancing the contemporary global
response to this most serious of
societal concerns. The study has
benefitted from the input of wide-
ranging external advisory bodies
and field research undertaken in
Ghana and Vietnam.

Governments like those of the
Climate Vulnerable Forum are
already allocating significant
taxpayer funds to deal with

the local effects of climate

change as they are taking hold.
Governments worldwide are
weighing macroeconomic energy
and environmental policies, from
infrastructure incentives to low-
carbon regulation, nuclear energy
reliance, or the exploitation of
hazardous unconventional fuel
reserves. In doing so, decisions
are being made to allocate highly
specific sums of money, human and
intellectual capacities, and other
resources of all kinds.

The Monitor helps to inform these
decisions by presenting a snapshot
of what current knowledge on
climate change issues in their
aggregate can reasonably be
assumed to imply for the world. The
analysis includes monetary, human
and ecological estimations of the
ramifications of inaction on climate
change. These estimations are

the result of this specific research
effort and provide a reference of
interest when considering what
societal benefits might result from
different policy strategies. The
exercise enables the comparison
of costs with benefits in order to
judge the overall merits of different
endeavours.

The report’s structure has three
main parts. The front matter of

the report provides an executive
summary, context to and details of
this study, as well as an overview
of key findings and a series

of detailed recommendations
targeted at specific groups. The

Monitor itself is then presented,
with the results of the assessment
provided for every country and
each of the different indicators
used detailed one-by-one with key
information provided each time

at the country level, for different
groups and overall. Finally, a
number of special focus sections
are also contained in this report,
including independent chapters
on the country-based research
undertaken in Ghana and Vietnam.
It is the hope that this report will
spur debate and awareness of

the double-sided cold calculus of
action versus inaction on climate
change with which the world now
desperately struggles.

The choice for society is critical but
hardly difficult if the externalities
of inaction on climate change
have indeed been underestimated
by the world economy. Business-
as-usual impacts would for this
century be multiples of any costs
associated with a transition to a
low-carbon economy and imply
unthinkable human suffering.

All but the firmest responses
leave the door wide open to
catastrophic risks and threats to
the planet’s ability to support life,
none of which even enter into the
Monitor’s assessment of costs.
According to the International
Energy Agency, just five years
remain for the world’s major
economies to enact structural
economic transformations in

order to break out of a dead end
business-as-usual trap. If not,
planned investments in high-carbon
infrastructure would from 2017 rule
out keeping the global temperature
rise below the internationally agreed
on level of 2° Celsius (3.6° F).!8
Technological barriers no longer
hold back the transition. Prolonging
change only increases costs.

Firm, urgent and internationally
cooperative action heightens
benefits for all. The best way
forward is quite obviously clear.
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DARA

Founded in 2003, DARA'is an
independent organisation
headquartered in Madrid, Spain,
committed to improving the
quality and effectiveness of aid for
vulnerable populations suffering
from conflict, disasters and climate
change. DARA was mandated by
the Climate Vulnerable Forum as
independent developer of the
Climate Vulnerability Monitor in its
first and second editions.

The UN Framework Convention on Climate
Change was signed in 1992 (UNFCCC, 1992)
2USEIA, 2011; IEA, 2011

3BP, 2011; US EIA, 2011; CTI, 2011

4+ UNDP, 2007

°Martens, 1998; UNEP, 2002

5 For mitigation costs, see: Edenhofer et al.,
2010 and IPCC, 2012b

"Butchart et al., 2010; Crutzen, 2010

8Tol, 2011; Nordhaus, 2011

9Tol, 2011; Exceptions include: Nordhaus, 2006;
Rehdanz and Maddison, 2005

°Kjellstrom et al., 2009

"Nelson et al., 2002

12Petit et al., 1999

¥ Sherwood and Huber, 2010

4]PCC, 2007a

15 McSweeney et al., 2012: "A 'Hot' day or 'hot'
night is defined by the temperature exceeded on
10% of days or nights in the current climate of
that region and season."
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71PCC, 2012a

8]AE, 2011
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AN
JUMMARY

This report provides a reassessment of the human
and economic costs of the climate crisis. The
reassessment is based on a wealth of the latest
research and scientific work on climate change and
the carbon economy, research that is assimilated as
a part of this report.

CLIMATE - TOTAL COSTS

THE MAIN FINDING OF THIS REPORT IS THAT
CLIMATE CHANGE HAS ALREADY HELD BACK
GLOBAL DEVELOPMENT: IT IS ALREADY A
SIGNIFICANT COST TO THE WORLD ECONOMY,
WHILE INACTION ON CLIMATE CHANGE CAN BE
CONSIDERED A LEADING GLOBAL CAUSE OF DEATH.

CARBON - TOTAL COSTS
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This report estimates that climate change causes
400,000 deaths on average each year today, mainly
due to hunger and communicable diseases that
affect above all children in developing countries.
Our present carbon-intensive energy system and
related activities cause an estimated 4.5 million
deaths each year linked to air pollution, hazardous
occupations and cancer.

the world’s oceans, the slow response of the carbon
cycle to reduced CO, emission and limitations

on how fast emissions can actually be reduced.!
The world economy therefore faces an increase in
pressures that are estimated to lead to more than a
doubling in the costs of climate change by 2030 to
an estimated 2.5% of global GDP. Carbon economy
costs also increase over this same period so that

OVERALL COSTS

Losleer:]sP%(g)lO, Losses 2010, Net Losses, Net Losses,

corrected USD % of GDP % of GDP 2010 % of GDP 2030
Climate 696 0.9% 0.8% 2.1%
Carbon 542 0.7% 0.7% 1.2%
World 1,238 1.7% 1.6% 3.2%

Climate change caused economic losses estimated
close to 1% of global GDP for the year 2010, or 700
billion dollars (2010 PPP). The carbon-intensive
economy cost the world another 0.7% of GDP in that
year, independent of any climate change losses.
Together, carbon economy- and climate change-
related losses amounted to over 1.2 trillion dollars
in 2010.

The world is already committed to a substantial
increase in global temperatures - at least another
0.5° C (1° F) due to a combination of the inertia of

global GDP in 2030 is estimated to be well over

3% lower than it would have been in the absence of
climate change and harmful carbon-intensive energy
practices.

Continuing today’s patterns of carbon-intensive
energy use is estimated, together with climate
change, to cause 6 million deaths per year by 2030,
close to 700,000 of which would be due to climate
change. This implies that a combined climate-carbon
crisis is estimated to claim 100 million lives between
now and the end of the next decade. A significant

NUMBER OF DEATHS

2010 2030
Diarrheal Infections 85,000 150,000
Heat & Cold llinesses 35,000 35,000
Hunger 225,000 380,000
Climate
Malaria & Vector Borne Diseases 20,000 20,000
Meningitis 30,000 40,000
Environmental Disasters 5,000 7,000
Air Pollution 1,400,000 2,100,000
Indoor Smoke 3,100,000 3,100,000
Carbon
Occupational Hazards 55,000 80,000
Skin Cancer 20,000 45,000
World 4,975,000 5,957,000
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TECHNICAL SUMMARY

The Monitor presents a new and
original analysis, synthesizing
the latest research and scientific
information on the global impact
- including benefits and losses

- of climate change and the
carbon economy in economic,
environmental and health terms.
Climate change already causes
400,000 deaths each year on
average. The present carbon-
intensive economy moreover

is linked to 4.5 million deaths
worldwide each year. Climate
change to date and the present
carbon economy are estimated
to have already lowered

global output by 1.6% of world
GDP or by around 1.2 trillion
dollars (2010 PPP). Losses are
expected to increase rapidly,
reaching 6 million deaths and
3.2% of GDP in net average
global losses by 2030. If
emissions continue to increase
unabated in a business-as-usual
fashion (similar to the new

IPCC RCP8.5 scenario), yearly
average global losses to world
output could exceed 10% of
global GDP before the end of
the century, with damages
accelerating throughout the
century. The costs of climate
change and the carbon economy
are already significantly higher
than the estimated costs of
shifting the world economy to

a low-carbon footing - around
0.5% of GDP for the current
decade, although increasing for
subsequent decades.!

This report and scientific
literature imply adaptation costs
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share of the global population would be directly
affected by inaction on climate change.

Global figures mask enormous costs that will, in
particular, hit developing countries and above all the
world’s poorest groups. Least Developed Countries
(LDCs) faced on average in excess of 10% of forgone
GDP in 2010 due to climate change and the carbon
economy, as all faced inequitable access to energy
and sustainable development.

Over 90% of mortality assessed in this report occurs
in developing countries only - more than 98% in the
case of climate change.

Of all these losses, it is the world’s poorest
communities within lower and middle-income
countries that are most exposed. Losses of income
among these groups is already extreme. The world’s
principal objectives for poverty reduction, the
Millennium Development Goals (MDGs), are therefore
under comprehensive pressures, in particular as a
result of climate change.

The impact for rural and coastal communities in

the lowest-income settings implies serious threats
for food security and extreme poverty (goal 1

of 8), child health and the ability of children to
attend school (goals 2 and 4), maternal health

and women'’s development (goals 3 and 5), the
prevalence of infectious diseases (goal 6) and,
through water, fisheries and biodiversity impacts,
environmental sustainability (goal 7). Furthermore,
in a difficult fiscal environment, the advent of
climate change has pressured governments to divert
Official Development Assistance (ODA) funds from
other development commitments and activities in
an attempt to provide support for climate change
concerns, including to a marginal degree, for
helping vulnerable communities adapt to climate
change. The Green Climate Fund, agreed upon

in incrementally greater detail at the successive
international climate talks at Copenhagen, Canciin
and Durban, faces an economic environment of
declining ODA tied to acute fiscal crises across

a host of the world’s wealthiest economies (see:
climate finance). These developments have
ultimately compromised the global partnership

for development (goal 8). Lag areas towards MDG
achievement also align very closely with the most

pronounced vulnerabilities resulting from climate
change: sub-Saharan Africa, small island developing
states, and South Asia in particular.

Poverty reduction efforts are in peril as the potential
temperature increase the world is already committed
to has only begun to be realized, and the world’s
major economies are in no way spared. The United
States, China and India in particular are expected

to incur enormous losses that in 2030 for these
three countries alone will collectively total 2.5 trillion
dollars in economic costs and over 3 million deaths
per year, or half of all mortality - the majority in India
and China.

The whole world is affected by these comprehensive
concerns: 250 million people face the pressures

of sea-level rise; 30 million people are affected

by more extreme weather, especially flooding;

25 million people are affected by permafrost
thawing; and 5 million people are pressured by
desertification. The pressures that these combined
stresses put on affected communities are immense
and force or stimulate the movement of populations.
As is highlighted in the Ghana country study in this
report, they can also fuel violence and an erosion of
the social and economic fabric of communities.

The impact of climate change on Labour Productivity
is assessed here as the most substantial economic
loss facing the world as a result of climate change. A
large proportion of the global workforce is exposed
to the incessant increase in heat, with the number of
very hot days and nights increasing in many places
by 10 days a decade.? Developing countries, and
especially the lowest-income communities, are highly
vulnerable to these effects because of geographical
location - northern countries like Scandinavia, it is
assumed, benefit from improved labour productivity
due to warmer weather - but also because their
labour forces have the highest proportion of non-
climate controlled occupational environments.®
Global productivity in labour is surging due to
technological advances and a shift of emphasis from
agricultural activities to an industrial and service
sector focus for most developing countries, among
other key developments.* Climate change, however,
holds back the full extent of productivity gains

the world would otherwise enjoy.® In this way, the

to be at least 150 billion dollars
per year today for developing
countries, rising to @ minimum
of more than 1 trillion dollars
per year by 2030. These costs
are, however, considerably
lower than costs of damages to
developing countries estimated
here, so adapting to climate
change is very likely a cost-
effective investment in almost
all cases and should be central
to any climate change policy.
Beyond adaptation, this report
also emphasizes the urgency
of mitigating key risks: tackling
food security, indoor fires/
smoke, air pollution and other
health issues such as diarrheal
illnesses, malaria and meningitis
that are all urgent priorities

for lessening the extent of the
human toll of this crisis.

With costs due both to
unabated climate change

and the carbon economy
expected to rise rapidly over
the course of this century,
tackling climate change by
reducing emissions yields net
benefits to the world economy
in monetary terms - amounting
to around a 1% higher GDP

for the entirety of the 21
century (net present value at

a 3% discount rate). World

net benefits from action on
climate change are insensitive
to discount rates from 0.1%

to 20% (the highest tested).
Even the most ambitious
reductions in emissions aimed
at holding warming below 2°C
(e.g. 400ppm CO,e/IPCC AR5
RCP2.6 scenario) generates
economic benefits for the



costs of climate change are hidden, which helps to
explain in part how their full extent may have been
missed. Even so, not all have benefitted from fast
expanding labour productivity: labour productivity is
a core indicator for MDG 1 (on extreme poverty and
hunger), for instance, where little progress has been

MULTI-DIMENSIONAL VULNERABILITY

registered in many developing regions of the world,
in particular for sub-Saharan Africa and the Pacific.®
Not one country is invulnerable to the combined
effects of climate change and the carbon economy.
Inaction on climate change penalizes every country
in the world, just as all are set to gain from action

CLIMATE

CARBON

@Acute @Severe ©High @ Moderate @ Low
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world economy after accounting
for the costs of reducing emissions
(mitigation costs). Limiting warming
to this level would limit human,
territorial and ecological damage
as well as other concerns, such as
climate-induced forced movement
of human populations.

Over 98% of all climate change
mortality and over 90% of all carbon
economy related mortality is in
developing countries: between 80%
and 90% of all economic costs

are projected to fall on developing
countries. The most extreme effects
of climate change are estimated

to be felt by the Least Developed
Countries, with average GDP losses of
8% in 2030. With respect to carbon
economy effects, inequitable access
to sustainable development sees
.Least Developed Countries again
incurring the highest relative losses
at over 3% of GDP, while between

two thirds and three quarters of all
carbon economy costs are borne by
developing countries.

When the costs of climate change
and the carbon economy estimated
here are combined, not one country
in the world is left unharmed. In
terms of regional incentives to
tackle climate change, every region
is estimated to experience net
economic benefits from action on
climate change even for the highest
levels of action.

The Monitor only analyses
incremental impacts as a result of
climate change, or changes in the
frér]uency of well-known stochastic
events, such as floods and
landslides. Not assessed here in
any way are potential catastrophic
impacts that could occur due to
more rapid climate change fuelled
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on climate change. Moreover, the vulnerability of

the world is shifting with every passing decade.
Countries once resilient to marginal weather effects
increasingly realize susceptibilities to a changed
climate as the increase in heat and associated
effects continue to reach new extremes.

Some quite serious damage is now unavoidable,

but certain losses can still be reduced in the short
term. In particular, human costs can be transferred

to economic costs. This can be achieved through
programmes aimed at reducing rural poverty - at the
origin of hunger deaths and many communicable
diseases afflicting the world’s poorest groups, with
risks that worsen with climate change. Or it can be
achieved by ensuring clean air regulations, safer
working conditions and modern energy options for
people at risk due to carbon-intensive forms of energy.
All these measures will save lives but cost money.
Economic losses themselves can also be lessened. A
major recent review of humanitarian assistance work
noted that Mozambique had requested 3 million
dollars from the international community for flood
preparations. That sum went unsecured, and 100
million dollars was subsequently spent on emergency
flood response.” Investment in agriculture might

also be cost-effective if the costs of supporting
upgraded farming were to generate more benefits (in
productivity, output) than the initial outlay.®

There are, however, limits to the ability of
populations to adapt. The oceans can hardly be
refrigerated against marine stresses.® Desert
encroachment can be prevented but rarely reversed,
and if so, generally at great expense.' It might be
possible to protect a beach, but concrete polders
could well be to the detriment of an area’s authentic
charm and so to the value of properties.

A low-carbon, renewable economy - of hydro, wind,
solar, geothermal, tidal and other innovative sources of
energy - now competes with the most carbon-intensive
forms of power generation in the open market, where
they constitute around 10% of the global energy mix
today.!* Shifting the balance in favour of low-carbon
energy has been estimated to cost approximately 0.5%
or less of GDP for the current decade.!?

The carbon economy is largely responsible for

the incredible growth in overall wealth society

has amassed over the last 200 years, although,
according to the World Bank, 1.3 billion people
continue to remain trapped in dire poverty.'®
Regardless, an economic system developed to
support a global population of 1 or 2 billion people
in the 19" century is ill suited to a global population
in excess of 7 billion and growing.'*

The climate challenge runs in parallel to other key
global developments: a growing world population,

a major propensity to urbanization, and structural

by feedbacks such as a release

of Arctic methane deposits, more
rapid sea-level rise that could result
from the disintegration of the West
Antarctic Ice Sheet or large-scale
climatic disruptions such as the
collapse of ocean circulation
mechanisms, all of which are
understood to pose significantly
larger human, economic and
ecological risks than anything
portrayed here. The possibilities

of these events are by no means
ruled out, with risks increasing
substantially with warming.? Other
economists have therefore factored
such risks into their economic
analysis to a degree.?

Only with the deep and sustained
emissions reductions spelled out

in the lowest of the new IPCC RCP
2.6 scenario is there a reasonable
chance (comfortably over 50%) of
not exceeding the internationally
accepted “safety” temperature
threshold of 2°C global mean
warming above preindustrial.* Given
the clear human, ecological and,

REG”]NA'. EUST BENEF” ANA'.YS'S, 2[]].[]'2].[][]** PERCENTAGE OF GLOBAL GDP (NOMINAL), NET PRESENT VALUE AT 3% DISCOUNT RATE

Climate + Carbon Costs

Highest High Moderate
Resion No action action action
g Action (400 (450 (550
ppm) ppm) ppm)
USA 3.0% 1.0% 1.0% 1.5%
Japan 0.5% 0.5% 0.5% 0.5%
Russia 4.5% 1.5% 1.5% 2.0%
China 4.5% 2.0% 2.0% 2.5%
India 11.0% 5.0% 5.5% 6.5%
EU27 1.0% 0.5% 0.5% 0.5%
ROW 8.5% 3.5% 3.5% 4.5%
World*** 4.0% 1.5% 1.5% 2.0%

Highest Action High Action Moderate Action Net Benefit

Avoided  Mitigation  Avoided Mitigation Avoided Mitigation  Highest High Moderate

costs* costs costs* costs costs* costs action Action action
2.0% 1.5% 2.0% 1.0% 1.5% 0.5% 0.5% 1.0% 1.0%
0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.0% 0.0% 0.0%
3.0% 2.0% 3.0% 2.0% 2.5% 2.5% 1.0% 1.0% 0.0%
2.5% 2.0% 2.5% 1.5% 2.0% 1.0% 0.5% 1.0% 1.0%
6.0% 3.0% 5.5% 2.0% 4.5% 0.5% 3.0% 3.5% 4.0%
0.5% 1.0% 0.5% 0.5% 0.5% 0.5% 0.0% 0.0% 0.0%
5.5% 2.0% 5.0% 1.0% 4.5% 0.5% 3.5% 4.0% 3.5%
2.5% 1.5% 2.0% 1.0% 2.0% 0.5% 1.0% 1.0% 1.0%

*Avoided costs: No action (A1B +8.5 ) minus reduced ppm scenario (400 ppm C02e: RCP2.6; 450 ppm: RCP2.9; 550 ppm: SRES B1)
** Discounted (3%) sum of costs and GDP - mitigation costs from Edenhofer et al., 2010 (regional: Remind + Poles)

*** Median value of all 5 scenarios (Edenhofer et al., 2010)
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ACTION VERSUS INACTION OVER THE 215" CENTURY

NPV OF GLOBAL CLIMATE/CARBON COSTS AND MITIGATION COSTS RELATIVETO GDP

(NOMINAL 2010-2100, 3% DISCOUNT RATE)
5%
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MITIGATION COST
Action equals 450 ppm (RCP 2.9)
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shifts occurring in economies around the world.

All of these tendencies - most pronounced in
developing countries, in particular the process of
industrialization now spreading more and more
widely'® - can worsen or attenuate vulnerabilities to
climate change or the carbon economy.

In order to understand the fuller implications of this
study and to make its findings comparable with
previous works that take on longer-term perspectives,
the costs of climate change and the carbon economy
were also estimated for the period up until 2100. On
this basis, business-as-usual development could see
the costs of inaction exceeding 10% of global GDP in
losses prior to 2100.

Reducing emissions results in net benefits for society
in every case because the costs of a low-carbon
transition are more than outweighed by averted losses
due to climate change and the carbon economy.

In the global context, the highest level of emission
reductions results in similar global benefits to

lower levels of action. However, the highest action
sees fewer negative impacts on society -from
human health to biodiversity and for the world’s
oceans - but requires slightly greater investments
in low-emission forms of energy. Less ambitious
action means accepting larger scales of human and
ecological impacts.

The regional analysis of costs and benefits

S CLIMATE COST
No action equals mid-point of 2 non-stabilization scenarios (RCP 8.5 and SRES A1B)
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differs little in fundamental terms from the global
analysis: all regions benefit from climate action in
economic terms. Most regions find optimal climate
action in the high-action scenario. The highest
action to reduce emissions also limits the risks

of crossing tipping points leading to large-scale
climate disruptions.'® Less ambitious action on
climate change does not: moderate action on
climate change has a high chance of exceeding the
accepted international temperature goal of holding
warming below 2° C (3.6° F) above pre-industrial
levels.}” The most vulnerable countries have called
for warming to be limited below 1.5° C above
pre-industrial levels as they believe 2° C is far too
damaging and a risk to their survival.

Neither should the risks of catastrophic impacts be
discarded as heresy: new research has highlighted
great risks associated with heat, as opposed to
ocean-related immersion of countries, with heat
risks concerning far greater shares of the world
economy and its population. In particular, at certain
levels of high-end warming, large areas of the planet
would progressively begin to exceed the thermal
maximum at which human beings are able to survive
outdoors.® The possibilities of very rapid climate
change are not implausible or ruled out by climate
change models, especially as the planet warms
beyond the 2 degrees Celsius temperature threshold

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
~ = MITIGATION

ultimately, economic advantages of
aiming for a highest-action scenario,
this report’s findings imply that

the highest action targets would
reap the most benefits for the

world. Therefore, the highest-action
scenario is recommended to policy
makers as the preferred target for
enhancing and safeguarding global
prosperity. Mainstream economic
modelling shows that this transition
is technologically and economically
feasible but that action is needed
now to get onto this pathway.®
International cooperation will clearly
be central to ensuring that the costs
of the transition are maintained at
the lowest most efficient level and
that the transition yields the highest
co-benefits.®

! See: Edenhofer et al., 2010; IPCC, 2012a

2 Weitzman, 2007; Hare in Mastny, 2009

3 For example: Hope, 2006; Stern, 2006

“ Pope et al., 2010

5 For an overview of some leading
mitigation scenarios, see: Edenhofer et
al., 2010; UNEP, 2011; IPCC, 2012a

5 For example the economic benefits
of cross-border emission reduction
cooperation: De Cian and Tavoni, 2010
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the international community has set for itself.!* Of
particular long-term concern are 1500 gigatonnes of
€0, (GtCO,) of methane stored in frozen sediments
in the East-Siberian Sea at depths of less than 40
to 50 metres.? This represents three times the
amount of CO, that could be released over much of
this century if the 2 degrees target is to be kept.?! As
the Arctic sea warms due to climate change, these
sediments are thawing and methane is already being
visibly released at rates that currently exceed the
total amount of methane emitted through natural
processes over the entirety of the world’s oceans.?
While all policy pathways for reducing emissions
have similar net benefits in economic terms, the
highest-action route would clearly reap the greatest
human, societal, economic and environmental
benefits, since it would ensure the greatest chances
of avoiding climate-triggered catastrophe and would
minimize the human, social and environmental
impacts of a hotter planet. Therefore, the cold
calculus of a hot planet implies the most ambitious

action on climate change is the savviest choice both
in monetary, humanitarian and environmental terms.
The highest-action approach is the pathway that the
analysis in this report most supports.

The world risks carbon lock-in due to high-intensity
carbon infrastructure plans still moving forward in

the near term, so the shift in focus to a low-carbon
transition should likely occur prior to 2017 and
continue aggressively thereafter.2® Several major
economies will need to adjust and enact important
domestic policy and legislative initiatives in order

to make this a reality. Whatever the case, action

on climate change that seeks out international
partnership is most likely to further lessen the costs
of a low-carbon transition and expand the benefits of
this transition for all concerned. This report documents
in part the potential benefits of avoided impacts of
climate change in addition to the potential co-benefits
of emission reductions that are targeted at key
economic, health and environmental concerns.?
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LOSSES oA gy
NET2030 NET2010 2010 2010
DROUGHT 18 4 4 . .
@ FLOODS & LANDSLIDES 94 10 10 * 2
@) storus 100 15 15 * 2
WILDFIRES * * * * *
TOTAL 213 29 29 g 5
BIODIVERSITY 38 78 78 . 8
@ DESERTIFICATION 20 4 5 * *
@) HeATING & COOLING 77 3 5 38 1
@ LABOUR PRODUCTIVITY 2,400 311 314 -3 135
® (8 PERMAFROST 153 31 31 . 1
(@) sea-LEVELRisE 526 8 86 . 23
(@) water 13 14 44 30 3
TOTAL 3461 491 563 71 166
@‘ TOTAL 106 23 23 * 17
AGRICULTURE 367 50 51 . 27
@ FISHERIES 168 13 16 -3 7
@ FORESTRY 44 6 7 -1 *
@ | @ HvoRro ENERGY -24 -4 * -4 *
@TOURISM * * 5 -5 2
@TRANSPORT 7 1 1 * *
TOTAL 565 66 80 -3 37
TOTAL GLOBAL RESULTS 4345 609 695 -84 225
OIL SANDS 2% 7 7 . .
@ oiLspiLLs 38 13 13 * 1
TOTAL 61 20 20 * 1
&) BloDIVERSITY 1734 201 201 * 32
® & corrosion 5 15 15 * *
(@) waTeR 10 4 4 . .
TOTAL 1749 296 296 * 32
@‘ TOTAL 630 172 172 * 74
AGRICULTURE 15 17 2 1
@ @FISHERIES 7 9 9 * 1
@) ForesTrY 8 28 28 . 3
TOTAL 41 52 54 2 4
TOTAL GLOBAL RESULTS 2,429 540 542 o 112

* Less than one billion dollars

Billions of dollars (2010 PPP)
non-discounted. Totals do not
correspond exactly due to rounding.

Environmental disasters
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2 1 *
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26 36 9
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3 * *
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0.5 0.5 *
* 3 1
129 117 18
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@ Habitat change

G Developing Country High Emitters

@ Health impact

0 Developed

11 1
21 66 3
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40 142 28 4
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5 4 6 6
30 7 -65 -49

1,035 1364 49 12
5 68 5 75
166 310 29 22
21 45 39 39
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208 144 8 10
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329 223 8 5

1,730 2,294 179 144
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5 25 29 3
236 1,034 349 115
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* 2 4 4
238 1,038 353 120
226 341 37 26
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5 70 2 05
13 48 18 4
-40 -3 24 8
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NONG AND UBOERVATIONG

1

THE MOST AMBITIOUS RESPONSE TO CLIVATE CHANGE 1S THE
MOST ADVANTAGEOUS POLICY IN'HUMAN, ECONOMIC AND
ENVIRONMENTAL TERMS

- Tackling climate change reaps significant net benefits for society in
monetary terms, with monetary gains resulting from even the strongest
action and far outweighing any associated expenses

- Climate change is estimated to have already cost the world close to 1%
of GDP, the negative effects of the carbon economy add a further 0.7% of
GDP to today’s losses

- Both climate change and carbon economy costs grow as emissions

expand and are lessened as they are cut

- Combined costs could double by 2030, lowering world GDP by well
over 3% in absence of concerted action to reduce emissions and
vulnerabilities globally

- This major revision of climate-related costs is based on an original
research aggregation exercise of third-party scientific studies and data
with more comprehensive and updated analysis than previously available
including the full breadth of effects linked to the carbon economy, with
overall conclusions notably unaffected by a differing of the discount rate
applied

-The analysis excludes the willingness to pay to avoid long-term non-

marginal catastrophic risks, often factored in by economists, which would

further increase the costs of inaction and raise the benefits of ambitious
responses, only strengthening the conclusion drawn here

- All collective actions aimed at stabilizing GHGs in the Earth’s atmosphere

generate net benefits to society: on the basis of available information the

400ppm CO, equivalent (RCP2.6) target results in the least human and
environmental damages in addition to its monetary benefits

*Inaction would see a continuing escalation of the costs of the climate crisis
and a diminishing ability for any policy action to bring it under control as
humanity would be increasingly placed at the most extreme of risks

2

THE HUMAN TOLL OF INACTION COULD EXCEED 100 MILLION DEATHS
BETWEEN NOW AND 2030 ALONE

-Climate change and the carbon economy as estimated here are
responsible for 5 million deaths each year today and cause illness in
tens of million people globally comparable to the third leading cause of
preventable death with a similar societal impact as tobacco use (see:
Health Impact Climate/Carbon)

- The carbon economy claims the largest share of this impact, in particular

due to toxic air pollution, at over 4.5 million deaths a year today

- Climate change is estimated to be responsible for 400,000 deaths
each year, particularly due to hunger and communicable diseases in the
lowest-income countries

By 2030, the annual death toll is estimated to rise to 6 million, including
close to 5.5 million deaths due to the carbon economy, and over
600,000 as a result of climate change

- Inaction on climate change could claim well over 100 million lives in the
twenty year period to 2030

- Reducing emissions will rapidly diffuse risks to populations due to the
carbon economy and generate co-benefits for human health, although
the effect on the burden of disease will persist for decades

- Constraining climate change will have less of a beneficial effect on

its near-term health impacts given that an additional half a degree of
warming is now virtually inevitable in the decades immediately ahead

- Climate change linked health concerns are therefore an urgent priority
for policies aimed at adapting to climate change, since the accelerating
rate of change is outpacing the ability of expected large-scale gains

in socio-economic development to lessen key health vulnerabilities in
lower-income countries

J

CLIMATE ACTION 15 600D VALUE, BUT THE COST OF ADAPTING TO
CLIMATE CHANGE HAS LIKELY BEEN UNDERESTIMATED

- Tackling the carbon economy alone is in many cases a sound proposition

without even consideration of climate change - reducing the scale of
future damages due to climate change are an added bonus to what can

be a set of financially and environmentally sound policy measures in their
own right

- Given the extent of near-future warming that decades of insufficient

regulatory action have now unavoidably forced the world to experience,
reducing emissions remains just half of the picture: parallel efforts to
adapt to climate change are now essential to a safe and prosperous
world

- While a full reassessment of the costs of adaptation is beyond the scope

of this report, this Monitor’s findings imply that it is very unlikely that the
adaptation costs currently facing developing countries could be less than
150 billion US dollars per year today - double the highest of previous
published estimates of around 75 billion US dollars per year - simply
because a number of key climate change impacts assessed here, such
as Heating and Cooling, or Water represent quasi adaptation costs by
virtue of how they have been calculated - autonomous adaptation at cost
(or gain) being assumed

- Moreover, provided the costs of adaptation rise at similar rates as the



costs of climate change, developing countries could be facing a minimum
of over 1 trillion dollars of annual adaptation costs a year by 2030 (in
2010 dollars PPP) - an order of magnitude higher than any previous
estimate

- While those figures represent minimum amounts, it is unlikely that the
margin of error exceeds much more than double the minimums estimated
here, whereas the impact of climate change is estimated to incur several
times greater losses for developing countries: 500 billion dollars for
2010 and 4 trillion dollars for 2030 (2010 dollars PPP non-discounted)

- On the basis of existing literature on the subject, adaptation costs are
therefore very likely to be less than the costs of the impacts of climate
change - as a result adaptation represents a cost-effective investment
across a broad range of sectors, meaning resources spent on adaptation
are almost certain to reap net benefits for affected countries and for
society as a whole

- An important qualification to any estimations of the costs of adaptation
however is that climate-related uncertainty significantly increases costs,
since planning is ideally robust to the full (or nearly) range of potential
outcomes which may include opposites, such as more water, and
inundation, or less water but drought

4,
CLIMATE INJUSTICE IS EXTREME

- Climate change takes the most from those who have the least: Least
Developed Countries faced in excess of 7% GDP losses due to climate
change and the carbon economy in 2010

- The Monitor uses four different country groups as broad geopolitical
markers covering developed and industrialized countries as well as
developing countries split between “high” and “low” emission categories
- the latter group consists of 85 countries with less than 4 tons of COe
of GHG emissions (in 2005) or well below the safe per capita emissions
level necessary for ensuring stabilized climate conditions in the near-
term

- Low-emission countries have essentially contributed nothing to climate
change -if all countries were polluting only to those levels, climate
change would be marginal - although with a global carbon budget now
all but exhausted even the lowest emitting countries can contribute or
detract from the world’s ability to rise to the climate challenge

- Lacking any responsibility for climate change, the low-emission country
group nevertheless experiences approximately 40% of all its economic
losses, and over 80% of all climate change-related mortality

-In an intergenerational perspective, more than half of all climate change-
related deaths are solely among young children in lower or middle income
countries who have virtually no responsibility whatsoever for the problem
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- which adds further insult to the also serious implications of today’s
inaction for the welfare of future generations

2.
CLIMATE INACTION COMPROMISES GLOBAL DEVELOPMENT
AND POVERTY REDUCTION EFFORTS

- With serious ramifications for agricultural and coastal communities in
both economic, health and productivity terms, climate change almost
surgically targets global poverty reduction efforts, in particular towards
the eight internationally agreed Millennium Development Goals (MDGs),
directly and manifestly compromising above all the targets for extreme
poverty and hunger (goal 1), child health (goal 4) and environmental
sustainability (goal 7), but with important repercussions also for gender
equality (goal 3), maternal health (goal 5) and infectious disease (goal
6)

- Effects are most extreme for countries understood to have the lowest
levels of capacity, where local efforts are less able to be relied upon for
making headway in responding to these additional and growing pressures

- Regional lag towards the MDGs, particularly for Least Developed
Countries, small island developing states and African countries also
corresponds very precisely to those geographic groups worst affected by
the impacts of climate change, where the relative scale of losses reach
their most extreme values as assessed by the Monitor

- The net impact of climate change doubles as a share of global GDP
between 2010 and 2030 with the growth in losses increasing rather
than slowing over time regardless of an expected tripling of global wealth
during this 20-year period

- So despite an extremely strong link between wealth and a capacity to
withstand climate change, impacts still outstrip the ability of economic
development to rid developing countries of heightened vulnerabilities to
climate change - contrary therefore to the assertions of previous studies,
investment in development is not a sufficient response to limit the
impacts of climate change and should not be considered a substitute for
a dual policy strategy on climate change encompassing early and strong
reductions of emissions together with adaptation

b

INTERNATIONAL CLIVATE FINANCE: A CLEAR DEFAULT
ON COPENHAGEN/CANCUN COMMITMENTS

-Two important goals on “new and additional” finance for climate change

were agreed in 2009 in Copenhagen at the major UN climate conference
there (COP15) and adopted in more official form at subsequent talks
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a year later in Cancin (COP16): 1) “Fast Start Finance” of 30 billion

US dollars balanced between adaptation and mitigation to flow from
developed to developing countries between 2010 and 2012; and, 2) a
similar collective goal to mobilize 100 billion dollars a year of climate
finance in support of developing countries

- Several possible definitions of “new” and “additional” are left open

to interpretation, and include: a) resources that are over and above
pre-existing (2009) flows of climate change finance; b) resources
additional to commitments to deliver foreign aid of 0.7% GNI as Official
Development Assistance (ODA) - a commitment widely unmet since it
was adopted by the UN in the 1970s; ¢) additional to commitments or
intentions for progressively increasing ODA to meet the 0.7% target as
communicated by governments well prior to the new climate finance
pledges; and d), additional to 2009 levels of ODA

- Climate change finance fails to meet any of the above criteria except

the first: climate change finance has increased significantly, especially
finance for mitigation of climate change

- Because the other definitions do not qualify however, it is clear that “Fast
Start” climate change finance has been withdrawn from earlier parallel
commitments to sustainable development and poverty reduction efforts -
the annual new and additional share of climate change finance is actually
in the realm of just 2-3 billion US dollars for 2010, and not 10 billion a
year, which raises further serious concerns that long-term financial goals
could result in still more and greater diversions

- Numerous developed countries did however face in precisely this period
the most extreme of financial pressures of the recent historical era,

with a number among them facing fiscal collapse as a result of serious
domestic and transnational economic and credit crises during the years
of 2008-2012

-The recently agreed Green Climate Fund faces a difficult initiation
environment as a result, endangering effective and cost-efficient climate
action, in particular there is still no clarity on the scale and sources of
generation of funding above all for the interim period from 2013-2020

- Given that ODA fell in real terms in 2011 versus 2010, the new and
additional proportion of climate finance for the second year of the three
year commitment period can only be lower still, meaning around 20
billion dollars of new and additional climate change finance should flow
in 2012 if Copenhagen/Canclin commitments are to be met

- The finance provided is also imbalanced: adaptation makes up a mere
14% of the committed 14 billion dollars of overall climate change finance
in 2010, or around 2 billion dollars - indications of change since then
are unclear due to delayed reporting cycles - the need for enhance
Monitoring, Reporting and Verification (MRV) is critical, in particular
because there are serious risks of double or inaccurate accounting for
resources under current reporting regimes

- Worse still, “Fast Start” finance is very slow: disbursal rates for

conventional ODA are much faster than for climate finance - 76% versus
48% - mainly due to the complex array of funding instruments involved,
slowing the rate at which climate-related funds reach beneficiaries

- Adaptation finance is not responding to vulnerabilities: with just over
2 billion dollars of adaptation finance flowing annually from developed
to developing countries, wholesale gaps remain for even the most
severely affected front-line nations - these are often complicated by
conditionalities and other barriers that lock-out some of the world’s most
vulnerable countries from support

- The Clean Development Mechanism - albeit under severe pressure
since several developed countries discontinued forward association - is
currently leveraging tens of billion dollars of annual investment in low-
carbon initiatives in developing countries and has emerged as one of
the most meaningful de facto technology transfer instruments currently
operational with around half of all projects resulting in a technology
transfer of one form or another - coverage however is extremely limited
with almost 90% of all investment benefitting either China or India alone

1

NOBODY 1S SPARED
THE GLOBAL CLIMATE CRISIS

-In one respect or another, every country is experiencing negative impacts
either resulting from the effects of climate change or as brought about
by the carbon economy - not one country has Low vulnerability to the
combined effects of climate change and the carbon economy, and just
seven of the 184 assessed have Moderate vulnerability

- Even the largest and most advanced of the world’s economies face
serious losses, such as the United States, which is estimated to incur a
2.1% reduction in GDP by 2030

- That many wealthy countries exhibit low general vulnerability to climate
change is more an indication of the extremity of effects taking hold on
the climate frontlines, than of how inconsequential the effects of climate
change are for the affluent

- Wealthy countries may have much lower thresholds of tolerance
for climate-related impacts since wealth to a large extent insulates
communities from suffering extreme societal risks: for example, the
75,000 additional deaths estimated to have been caused by the 2003
European Heat Wave that leading experts believe would almost certainly
not have occurred in the absence of global warming is a major anomaly
and point of concern for Europeans

-Advanced economies can also afford to part with much less of their
economic growth than their developing counterparts - according to the
International Monetary Fund, developing countries are growing more
than four times as fast in real terms than advanced economies for whom



any marginal loss will have a disproportionate effect on what has been
an average of just 1.5% in collective real economic growth over the last
decade

- Furthermore, in the increasingly globalized world economy of the 21st
century, the fortunes of all nations are more intimately tied, especially for
highly networked developed countries that rely on foreign investments
both domestically and abroad to sustain even marginal growth and retain
high levels of prosperity - an unrestrained climate crisis can only become
a major impediment to that prosperity whether or not its effects are felt
locally or elsewhere

- The Monitor examines marginal short-term impacts and the implied
evolution of these beyond the 2010-2030 scope of much of this report,
but in the longer-term climate change implies rapidly growing risks of
non-marginal and truly catastrophic impacts, such as a collapse in ocean
circulation or of major ice sheets, or the breaching of thermal tolerance
levels for humans - all of which would generate large-scale losses for any
income group and none of which are accounted for in the Monitor
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OUTOATED ESTIMATES OF THE NEGATIVE EXTERNALIIES OF CLIVATE
INACTION GUIDE TODAY'S REGULATORY DECISIONS

- Previous global estimates of the impact of climate change reveal less
than 20 original studies developed by a much smaller range of authors,
and with the exception of three, all are based on third-party research or
data from the 1990s or earlier

- Previous studies routinely include the positive effects of carbon
fertilization due to high levels of CO, without controlling for negative
effects of an expanding carbon economy, such as ground-level ozone
toxicity, ocean acidification, acid rain or the health hazards of pollution,
among others

- No single study includes the impact of climate change on labour
productivity, which the Monitor estimates as the most significant near-
term impact of climate change in monetary terms

- Hundreds of estimates of the social cost of carbon are based on just
nine studies of the negative externalities of climate change, all grounded
in 1990s research and data, and which are actually integrated into and
continue to guide the regulatory decisions of major countries

-In many cases these studies feed policy recommendations on emission
reductions that would allow the rise in global temperatures to exceed
the internationally agreed 2° Celsius (3.6°Fahrenheit) safety limit, since
a common conclusion is that the costs of firm mitigation exceed any
marginal benefits from reduced damages
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FOR ALL NATIONAL POLICY MAKERS

COMMIT FIRMLY T0 LOW-CARBON PROSPERITY

- Breaking free from the climate crisis will save
lives, improve health and extend the lifespan
and well-being of entire populations

- Tackling climate change results in net
economic benefits and can reduce
instability and system-level market
volatility, restore domestic energy
independence and jobs, while boosting
business productivity and enhancing trade
balances and economic competitiveness
among major economies

- A low-carbon economy will reduce

the stunning rate of contemporary
environmental degradation, deforestation
and irreversible biodiversity loss that is
crippling the world’s ecosystems with
serious economic repercussions

- A global commitment to a low-carbon
economy could strand half or more of all
hydrocarbon reserves, rendering them
unmarketable and potentially creating space
for regulatory actions with very low costs
not yet factored into economic modelling on
low-carbon transition costing

PRIORITIZE PARALLEL MEASURES TO ADAPT T0 CLIMATE CHANGE
- Adaptation cannot be a stand alone response
to the climate challenge: treating only the
symptoms but not the cause of the climate
crisis would result in spectacular economic
losses for the world economy - not all the
effects of climate change can be adapted
to; some come at a pure sunken cost, while
uncertainty in many cases doubles the costs
of adaptation since the possibility of random
outcomes (e.g. more or less rain) require
parallel measures in opposing directions
- Adapting to climate change is expensive,
but not doing so is even more costly - on
the whole, adaptation is cost effective
and, if strategically programmed, may
result in productivity boosts that more than
compensate for any investment made -

governments are accordingly advised to close
the adaptation gap

+Not investing in convincing adaptation

responses will increasingly hold back country-
level business and investor confidence,
especially for highly vulnerable countries
where climate change is already one of the
most significant economic challenges

- Climate change is radically more dangerous

and damaging for the world’s poorest
populations than for any other groups. Not
empowering marginalized communities to
overcome the daunting new challenges only
multiplies economic, social and political risks
and instability, and will guarantee a steady
erosion of longstanding poverty-reduction
investments

- International funding and resources of all

kinds need to be anchored both in the best
possible understanding of the probable
distribution and severity of vulnerabilities
and impacts attributable to climate change
and the highest co-benefits of supported
mitigation actions in terms of human health
and the environment

UNITE STRENGTHS IN INTERNATIONAL PARTNERSHIP

- A new international partnership is called for

based not only on essential mutual trust

and reassurances but also on pure common
interest and shared economic, environmental
and social benefits

- The climate crisis has emerged as one of the

greatest common challenges of humankind:
in a planet at risk, with death and damages
in pandemic proportions and humanity and
justice tested to the limits, not even half of
the world’s powers are capable of solving the
problem alone

+Working in partnership, any costs associated

with a low-carbon transition are minimized as
the global comparative advantages of emission
reduction and removal are fully leveraged, while
the dividends of climate action for sustainable
human development can be maximized in
greater fulfillment of human rights

- That partnership can build on the significant

energy already invested by the international
community over the course of nearly

two decades and 17 major UN climate
conferences dealing with every conceivable
technical aspect of the climate problematic
in great detail and to the steady improvement
of complex but vital institutional instruments
such as the Clean Development Mechanism

FOR GOVERNMENT GROUPS

DEVELOPED COUNTRIES

1.1 Support the vulnerable effectively:
Decades of investment in poverty-reduction
efforts largely on the basis of public taxpayer
resources have been seriously undermined by
climate change and environmentally unsound
development. Explosive climate stress and
what are often termed its “risk multiplier”
ramifications for health, social and political
security, migration and global prosperity are
also likely to indirectly endanger the already
slow growth prospects of many developed
countries. Act effectively by ensuring

efforts are aligned with an evidence-based
prioritization that places vulnerability up front,
support promising local government initiatives,
and reach for the last mile of impact.

1.2 Deliver fully on Copenhagen/Canctin
commitments: Full delivery of climate finance
is an essential component for meeting
ambitious emission-reduction objectives. The
prevailing financial climate is unfavourable, but
climate finance has been largely transposed
from parallel planned increases in Official
Development Assistance committed or
announced prior to and separately from
international climate change agreements.
Current flows are heavily imbalanced, with

only marginal support for vulnerable countries
to adapt to escalating damages. While
mitigation actions can have very substantial
benefits for sustainable human development,
diverting resources intended for urgent poverty



reduction priorities penalizes the world’s
poorest groups as more than one billion
people are still living with hunger on a daily
basis. The global response to climate change
cannot be taken out of the international
community’s commitment to eradicate
extreme forms of poverty, a project now
seriously endangered in large part precisely
as a result of climate change. Despite the
prevailing macro-economic difficulties,
developed countries are urged to convene an
extraordinary session of OECD Development
Assistance Committee and to subsequently
communicate a joint and time-bound action
plan for delivering on the full set of collective
climate finance and sustainable development
commitments, much of which would otherwise
go unmet by the end of 2012 and thereafter.

1.3 Rescue the MDGs: The Millennium
Development Goals (MDGs) would have had
significantly greater chances of being met
globally in the absence of the climate crisis.
The MDGs may not now be fully attained
unless additional resources are devoted to
the cause, targeting in particular progress
specifically jeopardized by climate change
impacts not accounted for when the MDGs
were developed. With only a few years
remaining before the foreseen conclusion
timeframe, substantial emergency resources
should be put into efforts to achieve the MDGs
on the basis of goal specific, geographic

and income-group lag. The evidence for
seriously compromising effects for key MDGs
and progress in priority regions as a result

of climate change underscores the critical
importance of mainstreaming climate change
considerations into national-, provincial- and
even town- or village-level development
policies. An MDG rescue fund could constitute
an early thematic funding window for the
newly established Green Climate Fund set to
be established within the framework of the
UN Climate Change Convention (UNFCCC).
While the international community is now

busy designing the successor “Sustainable
Development Goals” that will take over from
the MDGs after 2015, this important process
should nevertheless not detract from the vital
importance of first ensuring success by 2015
on the original MDGs.

DEVELOPING COUNTRIES

2.1 Prioritize climate policy with highest
co-benefits: Faced with limited capacities and
resources, policy makers should deliberately
target high-impact actions with multiple
societal benefits in human, economic and
environmental terms. One example is the
promotion of efficient and clean-burning
cooking stoves, which addresses indoor
smoke-linked disease and deforestation, as
well as supporting gender development and
labour productivity. Promoting clean-burning
stoves also limits potent particulate emissions
which could help slow the aggressive short-
term increase in temperatures. Dozens of other
high-impact policy options abound. Pursuing
low-carbon development strategies across

the sectors of construction, forestry, water
and agriculture in addition to the electricity-
generation industry will broaden the possible
development dividends yielded.

2.2 Pledge strong national action: Strong
leadership can pay dividends. Above all,

it is in the firm interests of developing
countries to create a domestic environment

of predictability as to the direction and intent
of national climate change policies. More
ambitious climate change policies will reassure
foreign investors that climate risks are under
control and that steps are being taken to
ensure economic competitiveness and risk
diversification with respect to energy usage
and forward planning. With climate change
already firmly embedded in the contemporary
economic system, strong national action plans
are an assertive starting point for reassuring
key stakeholders in the economic and social
prospects of an economy in the near term.
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2.3 Invest in national risk analysis:
Developing countries are overwhelmingly
more vulnerable to climate-related impacts
than industrialized nations. This is not only
due to income inequalities and poverty but is
also a product of heightened environmental
vulnerabilities since the majority of
developing countries are tropical or sub-
tropical, where the implications of climate
change are most severe. The high carbon
intensity of economic activities common

to many developing countries is a further
disadvantage. As such, climate-related
concerns are an important emerging factor for
macroeconomic planning and the pursuit of
optimal economic competitiveness. Effectively
addressing climate-related risks requires
sustained investment in local expertise,
educational programmes, civil society groups
and specialist technical networks. Ideally,
reference climate change and emission
scenarios, the backbone of climate change
response planning, would be updated

every 2-3 years and involve wide-ranging
stakeholder groups in the development of each
new iteration. National governments are best
placed to foster the development of the most
sophisticated country-specific climate-related
analysis possible. Solid reference scenarios
and analysis supports more accurate and
efficient national policies and solidifies
support for its implementation, including
among development partners.

HIGHLY VULNERABLE COUNTRIES

3.1 Prioritize adaptation: Climate change is
already a major determinant of the prosperity
of economies most vulnerable to its effects.
A highly robust climate change adaptation
strategy and implementation plan is an
essential safeguard for national development
progress and economic growth prospects.
As the knowledge base expands, country risk
will increasingly factor in the diverse negative
and positive effects of climate change to the
economic prospects of nations, with direct
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financial implications for investor
confidence and foreign investment.
Vulnerable countries need to learn from
each other’s successes and reassure
the global economy that climate-related
risks are well under control. Regional
and localized knowledge tools, such as
focused climate models, warrant serious
investment in order to improve localized
analysis as best as possible.

3.2 Boost domestic capacity:
Considerable institutional competences
are required to manage costly
adaptation programmes necessary to
limit damages and productivity losses
due to climate change. If institutional
arrangements are not in place, serious
opportunities for participation in the
global low-carbon transition may be
foregone. Just one example relates to
the Clean Development Mechanism
(CDM). National authorities responsible
for the registration of projects that
could enable local environmentally
sound energy-related projects to access
financial resources from international
carbon markets are still absent in a
number of highly vulnerable countries.
Capacity goes beyond the public
sector too: no point in establishing a
national CDM authority in the absence
of any local entrepreneurial activity

for developing low-carbon projects in
the first place. Moreover, making the
most of vibrant civil society interest on
climate change will only add value and
legitimacy to the climate change policy
development process and is a valuable
asset to governments that should be
cultivated and strongly promoted.

3.3 Strengthen climate governance:
The diffuse nature of climate change
means its varied effects cut across the
institutional divisions of policy both
vertically, from national to provincial and
district or municipal levels, as well as
horizontally, encompassing government
departments ranging from environment
agencies to foreign, finance or planning
ministries, resource management, civil
defence, labour relations, agriculture,
forestry, fisheries, commerce, science
and education, health and safety,
national meteorological services,

to name just a few. Implementing
meaningful policy requires extraordinary
levels of coordination and stewardship.
The most successful examples, such

as the Philippines, thrive because of

a deliberate high-level consolidation

of national responsibility on climate
issues in legislatively-mandated central
authorities backed by direct executive
involvement. The success of countries
like the Philippines in implementing
effective domestic climate change
policies shows that improved climate
change governance is a more significant
determinant of climate policy success
than the level of national domestic

resources committed to climate policies.

FOR CIVIL SOCIETY AND
THE PRIVATE SECTOR

COMMUNICATORS AND THE MEDIA

4.1 Question received wisdom: It has
often been argued that green policies
“curb economic growth”, “increase
gasoline prices” or “destroy jobs”. Taxes
on carbon do increase certain costs,
namely by putting more of the burden
of the negative affects of pollution back
onto its sources. For most economies,

an ambitious response to climate change
would only attenuate dependency

on costly and insecure imported fuel
supplies in favour of locally developed
energy solutions, such as energy
efficiency upgrades to buildings. If the
US was able to cut its trade deficit in half
purely by shifting to domestic solutions
for meeting and reducing energy
requirements, would that not increase
domestic prosperity, rather than curtail
it? If half or more of the world’s existing
stocks of hydrocarbons, such as oil,

were rendered obsolete, might not their
market price just as well plummet not
rise? If climate policy is only another ruse
in support of “big” executive government,
why in the US are individual states

taking the legislative initiative and not
the capital? When the local building and
automobile industries actively lobby in
favour of national legislation on climate
change while hydrocarbon businesses
with most of their operations offshore do
the opposite, to what extent are policy
outcomes being determined by vested
influences as opposed to domestic
economic interests?

4.2 Promote awareness on risks as
opportunities: Risks are opportunities.
Serious environmental and health
impacts of the carbon economy will
abate as low carbon development
progressively dominates economic
activities. The same for climate change
impacts. In almost every case, taking
measures to limit damages due to the
warming the world is already committed
to will improve competitiveness and
minimize any losses. The Monitor
emphasizes that it is no longer credible
that mitigation of climate change will
lead to reduced economic growth.
Indeed, the benefits of reducing the



carbon intensity of growth far outweigh
any small and artificial premium in
profit margins associated with carbon-
based development strategies. The
dividend of mitigation furthermore is
most pronounced in fast-growing, newly
industrialized developing countries.

4.3 Take a stand: Time is running

out, and the stakes are tremendous,

if not incalculable. If a low-carbon
transition is not engineered within the
decade, the consequences will be dire
regardless of the ultimate magnitude,
since they involve irreversible damage:
the extinction of whole species,

and thousands upon thousands of
human lives lost. In worst cases, not
solving climate change could render
large areas of the planet unsuitable

for human existence outdoors. The
injustices, environmental irresponsibility
and inhumanity involved are simply
staggering. A nearly unparalleled body
of scientific and observational evidence
now amassed and plain for all to see
with the steady disappearance of Arctic
sea ice and glaciers. The dramatic
weather-related adjustments and
extremes repeated around the world are
difficult to ignore. Despite the complexity
of the topic, ignorance is no excuse for
inaction, and indifference can be tied to
complicity. With this report, there is now
a comprehensive current-day economic
justification for action in addition to

the human, ethical, environmental and
rights-based arguments already in

wide circulation. Civil society groups,
communicators and people of all kinds in
positions of public influence or authority
within their communities, whether

in faith-based groups, municipal or
educational establishments, should find
no further obstacles to taking a stand in
tackling climate change.

INVESTORS

5.1 Perform comprehensive risk
analysis: Corporations reliant on
business models based on carbon
assets, such as reserves of oil, are
taking a daily gamble that a low-carbon
economy will never prevail and those
assets will never be stranded unable

to reach markets due to regulation.
Certainly, the structural features of the
global economy and every mainstream
energy outlook analysis back the
narrative of the low-carbon economy
as a pipe dream. But only a very narrow
window of legislative action in favour
of a firm response to climate change
would strand half or more of the world’s
existing stockpiles of carbon-based
fuels as unmarketable. To what extent
are investment portfolios exposed

or not to that possibly marginal but
phenomenal risk? Are those risks worth
bearing? How might they be minimized?

5.2 Encourage diversification
strategies: Hydrocarbon companies
should be capable of presenting
comprehensive diversification strategies
into low-carbon alternatives. If no
convincing diversification strategies
have been developed, it is clear that
corporate leadership are carrying
investor resources along a risky
political gamble. Detailed economic
modelling by major pension funds

has demonstrated that a diversified
portfolio should reap more benefits for
investors in the case of a low-carbon
transition than under business-as-usual
conditions. Few companies in the
energy sector rival the omnipotence of
hydrocarbon businesses, mainly state-
owned as they are. Therefore, whether
or not the future energy requirements of
the planet are met through renewable
sources or via point-supplied carbon
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intensive fuels, the leading global
energy corporations of today are still
the best equipped to service the world’s
energy requirements of a low-carbon
economy. Not preparing the ground

for a potential low-carbon transition
only builds up risks that need not exist.
Coal businesses, for instance, with
strong investments in carbon capture
and storage (CCS) and employee and
environmental safety research and
development, would most likely benefit
from a low-carbon transition rather than
suffer.

5.3 Foster transition stability:
Legislative steps that entail irreversible
change to the landscape of the world’s
energy industry are a systemic risk
embedded in global markets, just

like climate change is already an
inescapable and growing determinant
of market prosperity itself. The energy
sector constitutes the primary or at
least a major share of virtually every
major stock exchange. Abrupt policy
action that results in a stranding of a
majority of carbon assets could cause
serious instability. And yet changes are
very specifically a contingent necessity
to the constraining of climate change,
which in spite of current business
trends is nevertheless a widely ratified
international priority. In a globalized
economy, it is a sovereign regulatory
concern for any party to the UNFCCC.
Equity market regulators across the 194
parties involved should be monitoring
and publicly reporting on the extent

to which systemic carbon-linked risks
might jeopardize national and global
prosperity. This would enhance investor
visibility to the risk profiles of entire
indexes and encourage better carbon
risk management. Regardless of the
motivations, regulators unwilling to
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publicize relevant information on

such hazards might be suspected of
purposely concealing inordinate risks,
which may only compound exchange-
specific risks and compromise investor
confidence here.

RESEARCH COMMUNITY

6.1 Encourage attribution research:
Imperfect data sets, confounding
parallel effects, basic empirical
limitations and otherwise, thwart the
identification of climate change’s role
(or lack thereof) in any socio-economic
or environmental phenomena. Yet
the exercise is highly relevant and
significant. Hundreds of billions of
dollars of taxpayer resources virtually
everywhere are already being diverted
each year, consciously or not, to
address the sprawling repercussions
of a hotter planet. Knowing where
these resources should or should

not be deployed is of prime concern.
Just one example serves to illustrate
why. If climate change is assumed
solely responsible for localized
coastal degradation in a river delta
due to a subjective rise in sea levels,
a concrete wall along the foreshore
might conceivably be built. However,
equal or greater blame may well be
attributable to upstream damns,
hydro stations, irrigation, or localized
ground-water pumping that would
continue to cause land to sink further
behind a prohibitively expensive,
infrastructure-heavy coastal fortress
aimed at containing sea-level rise.
Furthermore, coastal defences in one
area often accelerate degradation in
adjacent coastal zones by inhibiting
the natural dissipation qualities of tidal
energy, spreading inadvertent losses
further still.

6.2 Expand global analysis: Global
estimates and models of the impact
of climate change are so complex

and subject to such a wide array

of assumptions and proxies by the
experts or research teams involved

in their development as to be almost
irreproducible by third parties, even
when full transparency is provided on
the methodological steps involved.
And yet understanding the costs and
benefits involved in addressing any
serious policy concern is ordinarily

an unavoidable imperative. Climate
change proposes nonetheless perhaps
the most ambitious policy agenda

the modern world has had to decide
on. The dearth of recent analysis on
the question has no doubt lessened
confidence in global policies capable
of enabling a major macroeconomic
restructuring crucial to the initiation of
a low-carbon transition. The Monitor’s
reassessment of the costs of climate
change would best be judged through
comparison with other similarly
updated studies. Where future studies
include also carbon economy side
effects, such as carbon fertilization,
they should also include the full range
of carbon economy side effects,
including ozone toxicity, acid rain,
pollution issues relating to health and
other relevant impacts such as those
assessed by the Monitor.

6.3 Avoid misrepresentation of risks:
The level of confidence and agreement
among academic specialists and their
models is less important for vulnerable
communities than the potential risks
implied by science. Understating risks
by stressing instead the uncertainties
associated with attributional
association to climate change is
irresponsible because the implication

is to displace concern, entailing
potentially deadly and economically
debilitating ramifications if policy
makers fail to act on risks. While many
risks cannot be affirmed as stemming
from climate change with a high degree
of confidence, neither can their causal
association to climate change be
discounted with any better degree of
confidence. Future reference reports
should aim to highlight first the range of
risks, then the levels of confidence and
uncertainty associated with them, and
not the other way around. It is safer to
risk being over prepared than under.

FOR THE INTERNATIONAL
DEVELOPMENT AND
HUMANITARIAN COMMUNITY

DEVELOPMENT ACTORS

7.1 Focus on economic development,
education and environmental
governance: Any strategy that boosts
economic and human development will
almost certainly also reduce climate
vulnerability by some degree. This is
highlighted by the very low levels of
climate impacts assessed for the few
high-income tropical countries that
share environmental vulnerabilities
with lower-income neighbours, such
as Brunei, Saudi Arabia or Singapore.
Education is also critical so that
communities experiencing a growth of
income are equally equipped with high
degrees of awareness of the risks faced
and the means available to mitigate
these. Educating children, especially
girls, may be the most cost-effective
method to spread awareness, since
the school system, as well as informal
educational avenues, is a sustainable
conduit to invest in, and children are



more likely to further pass on their
knowledge to other groups, namely
adults. Environmental governance is
equally key, since the unsustainable
exploitation of natural resources,
above all fisheries, forests and water,
might occur regardless of the level

of education and may even intensify
as incomes rise. But environmental
governance should look beyond simple
protection towards actually enhancing
the public goods natural resources
have to offer. This might include the
construction of damns to trap water
from heavy downpours for irrigation
during drier spells, or the expansion
of natural reserves or wetlands for
pollination, waste water treatment or
wind protection.

7.2 Raise the disposable income

of farmers and fishermen: Support
national efforts to establish appropriate
national government policies and
investments that yield for the lowest
income groups. The groups most
consistently and heavily exposed to
climate-related impacts are small-scale
or subsistence farmers and fishermen,
and especially their children. The
greatest challenge faced by the lowest
income bracket of these groups is to
reverse the vicious cycle of decline that
climate-related risks are constantly
feeding. In order to break out of
decline, farmers and fishermen need to
expand their incomes and profitability.
If not, even the most cost-effective

of opportunities to protect against
damages may remain out of reach on
purely financial grounds, such as higher
quality seeds, clean burning stoves,
irrigation equipment or crop insurance.
Education and rural extension training
has a role to play in helping farmers

to boost productivity so that more can
be achieved with the same resources
available. Expanding market access for
the raw or finished goods produced by
this group is another option of growing
interest as the world’s markets continue
to globalize. Providing financial stimulus
and training to local entrepreneurs

or cooperatives to establish light
agro-fishery industries capable of
packaging these goods for admission

to global supply chains would allow
local producers to appropriate a greater
share of the value chain and maximize
the commercial value of their goods.

7.3 Integrate climate strategies to
revitalize development: Access to
carbon markets via the reformed CDM,
which allows the pooling of micro-level
activities into one larger and therefore
collectively financeable project, and the
possibility of a global carbon market
for forests, represent new sources of
long-term income streams that could
enable a host of fresh sustainable
development initiatives to take hold

in developing countries. Simple large-
scale energy projects like hydro damns
or extensive concrete sea defences
may be attractive climate-related
initiatives for administrative or other
reasons, but energy-efficient cooking
stoves and mangrove plantations
would likely accomplish the same
objectives - reduce emissions, protect
against coastal degradation - but bring
much higher co-benefits - for health,
biodiversity, forests, carbon sinks, or
wind protection, to name just some
key advantages. Several successes

in payment for ecosystem services
systems, Costa Rica’s scheme being a
prime example, also provide templates
for governments to regulate and
incentivize the protection and growth
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of valuable environmental assets in

an integrated and self-sustaining way.
International policy makers should
prioritize high co-benefit initiatives

and integrated programmes that

deal simultaneously with multiple
issues in order to maximize the scarce
resources available for tackling climate
vulnerability while making the most

out of the transition to a low-carbon
economy in terms of sustainable human
development at a global level. With far
fewer resources available for adapting
to climate change, prioritizing mitigation
projects that also boost local adaptive
capacity or directly result in adaptation
dividends could double or more the
possible extent of adaptation efforts. As
an example, retrofitting buildings with
thermal insulation would reduce cooling
energy loads, and therefore emissions,
but also safeguard health and labour
productivity from rising temperatures.

THE HUMANITARIAN SYSTEM

8.1 Brace for change: Change is
already underway. That change is also
significant: as heat rises, parts of the
world will experience climates with

no analogue in human history. It is

still extremely difficult to confidently
attribute a specific extreme weather
event in part or entirely to climate
change, especially not close to the
time of its occurrence. Certain types of
events, such as extreme heat leading to
drought or flooding triggered by heavy
rains, nevertheless carry the classic
hallmarks of disasters suspected to
have been caused or aggravated by
climate change. On the basis of the
classical laws of physics, moreover,

it is nearly impossible that, for
example, more abundant, frequent and
concentrated heavy rainfall or severe
hot and dry spells would not resultin a
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general increase in flooding or drought.
As such, the humanitarian sector needs
to be capable not just of preparing for
but also responding to weather-related
emergencies on larger scales and at
more frequent intervals. Likewise, all
development and humanitarian partners
should increasingly realize the value

of building, together, the resilience of
communities to avoid simply racing to
respond to emergencies and maximize
the effectiveness of development
investments.

8.2 Establish a thematic funding
window for climate-linked emergency
response: The damage caused by

the general increase in the extremity

of certain types of weather already
accounts for a significant and growing
share of human and economic disaster
losses. The concern falls squarely within
the competence of the UNFCCC and is
a legitimate target for climate change
finance, especially for developing
countries with marginal capacity that are
penalized by current finance flows, which
seek out strong “absorptive capacity”.
Persistent Horn of Africa and Sahel food
security crises highlight the extent to
which the international humanitarian
community is not sufficiently equipped
to cope with climate-related disasters.
As climate stresses continue to mount,
that capability will only be further
eroded if action is not taken to ensure
it is reinforced. The track record of
humanitarian sector resource mobilization
makes it unlikely that standard sources
of funding will keep pace with costly
additional burdens to emergency
response. A climate finance-replenished
thematic funding window should be
established to finance a share of all
emergency relief and rehabilitation
costs associated with any extreme

weather events, especially floods and
drought - since such events can neither
be attributed nor dis-attributed to

climate change. The same window could
also finance emergency preparedness
activities in known high-risk hotspots.
The UN’s Central Emergency Response
Fund (CERF) could establish a dedicated
window for this purpose in conjunction (or
not) with the Green Climate Fund.

8.3 Evolve thinking and partnerships:
Even without today’s clear resource
constraints, it will take more than just
additional financial resources to cope
with the increases in risks expected as a
result of heavier rain and more extreme
heat. Strategic planning should question
whether the past is an accurate basis
for future situations given the highly
dynamic conditions the world now finds
itself dealing with as a result of climate
change, economic and population growth,
globalization, and otherwise. Extreme
droughts are breaking new records
today, but those records will only be
re-broken again and again in the years
to come. Organizations and institutional
response structures will need to become
more accustomed to dealing with highly
uncertain and speculative information,
find efficient ways to prepare for a range
of different possible outcomes, including
unprecedented multi-country crises
that could be triggered by repeated
extremes, such as heavy flooding
followed by extreme and prolonged
drought, and compounded by additional
risks, such as energy price spikes. The
interactions between climate change
and other wide-ranging crises merits
more focused examination: just as
climate change outcomes are affected
by wide-ranging issues, so too climate
change will affect critical determinants
of tomorrow’s humanitarian crises, if not

already, today’s. Breaching conventional
comfort zones in order to work more
widely and effectively with non-traditional
humanitarian actors like the private sector
or the military, would also help to expand
reach and impact.
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INCEPTION AND DEVELOPMENT

The first edition of the Monitor was
meant to serve as a departure

point for discussions to refine
understanding of climate
vulnerability. As stated in that 2010
report, the goal has been to improve
both the methodology and the
accuracy of this tool going forward.
A number of considerations raised
during the development of the first
report by external review bodies
could not be adequately addressed
at that time, but instead have fed
into development of the second
edition. So while this new report
was only formally commissioned in
November 2011, the second Monitor
nevertheless has its origins well
rooted in the first.

The original Monitor approached the
problem of climate change in a non-
technical but policy-relevant way. It
established a conceptual framework
that assessed vulnerability at the
national level. But it allowed for

an understanding of vulnerability

as internationally fluid not static,
with today’s isolated vulnerabilities
rapidly becoming tomorrow’s shared
vulnerabilities. Separating out

some of the different components
of vulnerability helped to show that
nearly every country in the world
faces some aspect of the problem
to a high degree. Much of the
architecture of the original report is
retained in this Monitor.

Not unsurprisingly, a number of
headline conclusions from the

2010 report still hold, such as an
insufficient focus on the human
health impacts affecting most
vulnerable communities or the highly
significant links between a country’s

level of vulnerability to climate
change and its human development
status. However, it became evident
that not all original country-level
results were satisfactory and that
certain sections of the original
report oversimplified the socio-
economic effects of climate change.
Nor did the original format provide
sufficient granularity for sector-level
effects (economic impacts were
limited to “land” and “marine”)

or convey key nuances between
different levels of certainty.

Much of the difficulty stemmed
from a heavy reliance on third-party
global or regional macro models
that pooled information at those
levels, leading to a certain degree
of inaccuracy in the results for some
countries, since the information
wasn't designed for the Monitor's
nation-by-nation analysis. This
second edition continued to draw
on other studies; however, it still did
not solve the challenge of providing
accurate national-level outputs.
The difficulties of re-running climate
impacts models developed by others
is a recognised issue for the field
(Nordhaus, 2011).

The second Monitor’s now greatly
expanded set of indicators is
therefore primarily anchored in
individual bodies of recent research
pertaining to discrete effect areas,
such as distinct economic sectors
(agriculture, fisheries, forestry,

etc.) and specific resource, health
or environmental impacts (e.g.
water, heat and cold illnesses and
biodiversity). DARA has also worked
with additional external advisory
bodies in order to further the range
of inputs. The new Monitor also
includes a new thematic pillar.



While the original edition focused
on the effect of “Climate”, this
edition focuses on both “Climate”
and “Carbon”. The new section on
the socio-economic impacts of
the carbon economy came from
recognition that there is a distinct,
symbiotic relationship between
climate change concerns and the
carbon economy. Viewing climate
policy more holistically will help
decision makers form parallel or
combined responses to both the
consequences of global warming
and its root causes.

Another major adjustment to the
second Monitor is the inclusion

of in-depth country-level input,
including field research and
exchanges with local specialists.
This input was viewed as a must
for the effective development of an
improved Monitor report, and the
governments and experts of Ghana
and Vietnam fully embraced and
engaged with that process.

CONSULTATION
& COUNTRY RESEARCH

EXTERNAL ADVISORY BODIES

Two external advisory bodies have
provided critical input at various
intervals during the course of the
Monitor’s development. A senior
Advisory Panel provides strategic
guidance on the Monitor’s framing,
analysis and recommendations.
An open format Peer Review
Committee provides specialist
and technical input in particular
on methodological and theoretical
issues.

Participants in these two bodies
serve in a non-remunerated

personal capacity and represent
a broad spectrum of expertise
and viewpoints on the topic as
well as a variety of stakeholder
groups whose perspectives and
involvement have helped enrich
the Monitor’s development,
analysis and presentation. The
research team responds to every
question and critique from these
groups and endeavours to reflect
all input within the limitations of
the overall project.

The expectations for the second
Monitor were presented to the
report advisory bodies at the
beginning of 2012 in the form

of an Inception Report to which
DARA received a first round of
substantive feedback.

The second Monitor then
underwent two separate
methodological and quantitative
reviews by its Peer Review
Committee, including a full-day
workshop in Geneva in April
2012. A dialogue between
Committee members and

the Research Team was also
organised with representatives
of the Climate Vulnerable Forum
on that occasion. A draft report
was submitted for review to

both bodies in August 2012 and
adjusted prior to public release.
Individual members of the
advisory bodies comment only
on certain aspects of the project,
not on its entirety, based on their
expertise, availability and other
considerations.

While the Monitor benefits from
external advisory bodies and
open peer review, the system
and approach of this project is to
be distinguished from academic
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peer-reviewed scientific literature.
This report is designed primarily as
a policy and communication tool
that strives for technical accuracy
in encapsulating the scientific
work of third parties together with
other forms of qualitative and
quantitative information, including
field-based research.

COUNTRY STUDIES

Country studies were undertaken
in Vietnam and Ghana in March
2012. In each case, a half-day
national workshop was convened
to present conclusions of desk
research conducted by DARA and
to seek substantive input from key
stakeholders and policy makers
across public, private and civil
society groups. Two representative
territorial units were also identified
in each country for field research,
and dozens of extended interviews
were conducted there with

senior representatives of local
government, civil society and
business groups.

ADDITIONAL CONSULTATIONS

Climate Vulnerable Forum
delegates were briefed on the
Monitor’s progress at an official
open session of the group at
the UN climate change talks in
Bonn, Germany in May 2012.
Additionally, some early results
from the Monitor project were
presented and discussed
publicly at an official Climate
Vulnerable Forum Side Event to
the UN Conference on Sustainable
Development (Rio+20) in Rio de
Janeiro in June 2012.
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GEOPOLITICS

CLIMATE

DEATHS DUE TO CLIMATE AND CARBON PER 100,000
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COSTS DUE TO CLIMATE AND CARBON, 7% OF GOP

9%

DEVELOPED OTHER
COUNTRIES INDUSTRIALIZED
COUNTRIES

BASIC

LLOC L0C

BASIC: Brazil, South Africa, India and China

LLDC: Land Locked Developing Countries

SIDS

LDC: Least Developed Countries

SIDS: Small Island Developing States
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CLIMATE FINANCE
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In 2010, developed countries provided
14 billion dollars of their Official
Development Assistance (ODA) as
climate finance, a significant increase
from around 7 billion in 2009. However,
the degree to which these resources
are “new and additional” as agreed at
the international climate change talks
at Copenhagen and Canctin is seriously
in question. The Fast Start Finance
target of 30 billion dollars over the three
years from 2010 to 2012 would imply
approximately 10 billion dollars’ worth
of new climate finance per year. While
collectively climate finance for 2010 was
a respectable 7 billion dollars higher
than in 2009, only 5 billion is derived
from increases in donors’ ODA volumes
- i.e. approximately 2 billion dollars

of those resources have been either
diverted or reclassified from existing
ODA flows.

If, however, other commitments related
to ODA are taken into account, the
level of “additionality” and new finance
diminishes considerably. In the 1970s,
a collective commitment to provide
0.7% of the Gross National Income
(GNI) of developed countries as ODA

to developing countries was agreed

to in the UN General Assembly. That
commitment has been consistently
met by a handful of developed country
donors since the mid-1970s and has
been reconfirmed in numerous official
international contexts. The 2005 G8
summit at Gleneagles and the UN
2005 World Summit, which launched
the Millennium Development Goals

for 2015, saw a spate of new ODA
commitments - including countries far
behind the 0.7% target - all attempts to
reach 0.7% by 2015, with interim ODA
volume goals for 2010.

Only 2 billion dollars of new climate
finance for 2010 is actually additional
to these targets for progressing towards
0.7% of GNI or flows above that -
commitments that had already been
made by the same group of countries

in order to support the achievement

of the Millennium Development Goals,
among other sustainable development

priorities, such as Agenda 21. Given that
today still only a fraction of countries
have actually provided in excess of
0.7% GNI as ODA, just 1 billion dollars
of new climate finance alone can be
considered additional to this particular
commitment.

To the degree, therefore, that
commitments on climate finance are
delivering, they are also unquestionably
at the expense of previous commitments
to related sustainable development
priorities. Neither is the picture for 2011
likely to be substantively different,
since under preliminary reporting,
overall ODA has increased by just
3.9%, broadly enough to keep up with
one year of global inflation over this
period as reported by the International
Monetary Fund. Furthermore, almost
90% of this finance was targeted
towards mitigation activities, with 14%
committed to adaptation - a clear
discrimination versus the agreements
made at Copenhagen and Canctn,
whereby it was firmly agreed that there
would be a balance of resources for the
two purposes.

Financial flows in the form of aid or
climate finance have been central to
policy debate and intergovernmental
negotiations for responses to
sustainable development challenges
and climate change. But ODA-related
flows are only a fraction of the picture.
Investment linked to projects of

the UNFCCC'’s Clean Development
Mechanism, for instance, are now
several times the level of climate finance
through ODA. More than half of ODA is,
in any case, concessional debt - and

a possible liability. More than half of

all CDM projects, on the other hand,
are estimated to result in a technology
transfer of one form or another - a
further bonus. Despite this, the CDM
arguably absorbs much less of the
attention of policy makers than finance.
This is partly ascribed to the faltering
political support currently enjoyed by the
Kyoto Protocol mechanism. But the fact
that China to-date accounts for almost
80% of all CDM investments by volume,

and India for another 15%, does mean
all other developing countries capture
just over 5% of any investment flows.
Many countries have no CDM projects at
all and no national capacity to register
CDM projects.

In an ongoing financial and economic
crisis that runs parallel to time-
restricted policy windows for addressing
core global concerns such as climate
change, a heavy reliance on further
delivery through ODA finance is clearly

a restrictive avenue of action. The
example of the CDM also demonstrates
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the large-scale impact possible through
policy frameworks with a bearing in

the private sector, as opposed to ODA
finance efforts, even when these are
only moderately effective (given CDM
coverage limitations alone). Effective
policies for technology development
and transfer, capacity building and
regulatory mechanisms have the
potential to yield significant impact in
terms of implementation of sustainable
development visions, including in the
climate agenda, the Rio agenda an
otherwise.

Climate change finance from developed countries to developing
countries is reported by all donors as a part of their Official Development
Assistance (ODA). This analysis was based on the Organization of Economic
Co-operation and Development’s (OECD) CRS database - the only truly

comprehensive and comparable source of financial tracking available, although it
is exclusively a donor reporting mechanism. Research focused on the latest data
accessible, which is for the year 2010. 2010 is also the first year of so-called Fast
Start Finance - additional commitments to climate change finance agreed at the
UN Climate Summit at Copenhagen (COP15) and further confirmed at the next
Summit in Cancin (COP16). The analysis has benefitted from the Rio markers

for climate change used by donor governments and the OECD. Only finance to
projects reported to have climate change as a principal objective were included
in the analysis so as to retain comparability with sector-based development
finance analysis, where partially related funding is ignored. That focus also partly
addresses further concerns over the misrepresentation and double-counting of

a share of climate finance as reported by other recent independent research into
the topic. The approach used here represents just one perspective on monitoring
international climate finance flows; other methodologies could have been chosen
and would have likely yielded different results and conclusions.

ADDITIONALITY

BILLIONS OF USD

5.2
2.0
11
Additional Additional to Additional to
to ODA 2009 ODA Commitments 0.7 GNI
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INDICATOR OVERVIEW
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Info Change Impact
2010 2030 2010 2030
Corti et al., 2009; Hoekstra et al., 2010; Rubel
and Kottek, 2010; Sheffield and Wood, 2007 SRES A1B (IPCC, 2007) 7% 10 5,000 20,000
Kharin et al., 2007 SRES A1B (IPCC, 2007) @4% @231% 8 2,750 3,500 10,000 95,000 @
. IPCC SRES A1B
Donat et al, 2011; Mendelsohn et al., 2011 (IPCC, 2000) @24% @129% 7 2,500 3,500 15,000 100,000
Krawchuk et al., 2009 IPCC SRES A2 (IPCC, 2000) @106% 14 -15 -90
Baumgartner et al., 2012; Thomas et al., 2004 ”:ﬁ,%gf*gg(folf @74% 3 80,000 400,000
IPCC SRES A1B
Hansen et al., 2007 (IPCC, 2000) @56% 11 5,000 20,000 @
TIMER/IMAGE reference scenario for o R = @
Isaac et al., 2008 the ADAM project (Isaac et al, 2008) 019% 22 35,000 75,000
Euskirchen, 2006; Kjellstrom et al., 2009 SRES A2 (IPCC, 2000) @174% 1 300,000 2,500,000 @
i UKTR GCM-based scenario
Hoekstra et al., 2010; Nelson et al., 2001 (Nelson et al., 2001) @71% 5 30,000 150,000 @
DIVA, 2003 A1F1 (IPCC, 2000) @115% 2 85,000 550,000 @
Hoekstra et al., 2010; McKinsey and Company, 2009; IPCC SRES A1B @
Nohara, 2006; Portmann et al., 2010; Rosengrant et al., 2002 (IPCC, 2000) ©68% 12 15,000 15,000
McMichael et al., 2004 §750 (IPCC, 2007) @56% 15 85,000 150,000
Curriero et al., 2002; Knutti et al., 2008; Toulemon and IPCC SRES A1B +
Barbieri, 2006; Van Noort et al., 2012 (IPCC, 2000) ©20% 16 35,000 35,000 @
McMichael et al., 2004 S750 (IPCC, 2007) @42% 17 225,000 380,000 GD
McMichael et al., 2004 S750 (IPCC, 2007) O 15% 18 20,000 20,000 4%
Adamo et al., 2011; Sheffield and Wood, 2008 SRES A1B (IPCC, 2000) @25% 19 30,000 40,000 @
Cline, 2007 Cline, 2007 @157% 4 50,000 350,000
Cheung et al., 2010; O"Reilly et al., 2003 SRES A1B (IPCC, 2000) @355% 6 15,000 150,000 @
US Forest Service (2010) SRES A1B (IPCC, 2000) @182% 9 5,000 45,000 @
Lehner, 2003; Nohara, 2006 SRES A1B (IPCC, 2000) @134% 21 -5,000 -25,000 @
ECLAC, 2011; Steiger, 2011 SRES A1B (IPCC, 2000) 20 @
Jonkeren et al, 2011; Nohara et al, 2006 SRES A1B (IPCC, 2000) @96% 13 1,000 5,000 @
400,250 632,000 575,985 4,299,910
CAPP, 2011; CERES, 2010 @12% 5 5,000 25,000
Muehlenbachs et al., 2011;
Schmidt, 2004; Westwood, 2010 @5% s 10,000 40,000 @
Costanza, 2006; Hooper, 2012; Reilly, 2008 @109% 1 300,000 1,750,000
OECD, 2012 @24% 7 1,000 5,000 @
OECD, 2012 018% 6 5,000 10,000 @
Bell et al., 2007; OECD, 2012; Sheffield et al., 2011 @32% 8 1,400,000 2,100,000
OECD, 2012 o17% 9 3,100,000 3,100,000 @
BP, 2012; Mathers and Loncar, 2006 026% 10 55,000 80,000 @
Martens, 1998; WHO IARC, 2005 @87% 11 20,000 45,000 @
Avnery, 2011; Hansen et al., 2007; .
Ramanathan et al., 2008; World Bank, 2005 ©494% 12 15,000 -150,000
IGBP-DIS SoilData(V.0), 2008; OECD,2012 @203% 2 10,000 75,000 @
Costanza et al., 1997; OECD, 2012;
Reilly, 2008; Wentzel, 1982 @5% 4 30,000 85,000 @
4,575,000 5,325,000 376,000 1,840,000

e Additional economic costs in 2010 USD (negative numbers show gains) (thousands) - yearly average

e Order no. of impact by overall economic scale versus the climate section (or carbon section for carbon indicators)
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CLIMATE CHANGE HAS BEEN
SUBJECT TO SCIENTIFIC AND
POPULAR DEBATE FOR WELL
OVER A CENTURY. The greenhouse
effect was first proven by Irish
physicist John Tyndall in 1859. The
possibility of human-engineered
global warming was raised by the
Nobel Laureate Swedish chemist
Svante Arrhenius in 1896 (Tyndall,
1869; Arrhenius, 1896). Arrhenius
initially concluded that a doubling
of atmospheric carbon dioxide

(to over 550ppm) might result

in 5-6 degrees Celsius (9-11°
Fahrenheit) of warming. This
estimation is closely aligned with
current science: the prediction
falls just outside the confidence
intervals of the latest reference
scenarios of the Intergovernmental
Panel on Climate Change (IPCC)
(Arrhenius, 1896; IPCC, 2000). At
the then current rates of emissions
Arrhenius thought the process
might take millennia. However, a
decade later, after observing the
intervening rise in industrial CO,
emissions, Arrhenius revised the
warming timeframe to just a few
centuries (Arrhenius, 1908).

In the 1930s, English engineer Guy
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Stewart Callendar was the first to
report an actual warming trend and
to ascribe it to human activities. The
“Callender effect”, estimated then as
an annual temperature increase of
0.005°C, was still not on timescales
relevant to people but might
usefully impede the onset of a new
ice age (Callendar, 1938; Weart,
2011). Subsequent technological
progress improved monitoring of
€0, and temperature, boosting
evidence for human-induced climate
change. This led the American
physicist Gilbert Plass to assert in
1956 that a doubling or halving of
atmospheric CO, would lead to an
increase or decrease in temperature
of around 3.5°C or 6.3°F (Kaplan,
1952; Plass, 1956). It was thought
warming would be evident by the
end of the century. By the mid-
1980s, records of atmospheric

€0, and temperature frozen in time
kilometres deep in Antarctic ice
cores confirmed the relationship
between GHG emissions and climate
change on the basis of 150,000
years of meteorological history
(Lorius et al., 1986; Mayewski

and White, 2002). By the end of

the century, the record had been
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extended to over 400,000 years,
strengthening the conclusions,

and confirming the unprecedented
nature of contemporary levels of CO,
in the Earth’s atmosphere (Petit et
al., 1999).

By 1990, and publication of the first
assessment report by the IPCC, the
scientific community had reached a
firm understanding and generalized
level of agreement over the basic
characteristics of climate change,
the central role of human activities
in shaping it and the potential
danger for people alive today (IPCC,
1990). It constituted a wake-up

call to policy-makers to address
climate change. In 1992, the UN
Framework Convention on Climate
Change marked the international
community’s first step towards a
serious response (UNFCCC, 1992).
At the turn of the century, warming
of the planet and the increase of
GHG emissions in faithful synchrony
was observationally manifest (IPCC,
2001). By 2007, it had become
scientifically indisputable (IPCC,
2007).
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n mid 2010, the first Climate
Vulnerability Monitor (or, “the
Monitor”) was commissioned on
the initiative of the founding chair of
the Climate Vulnerable Forum, the
Maldives, as an independent global
study of the gathering climate change
crisis. The Monitor provides a framework
for understanding global vulnerability
to climate-related concerns. It enables
a weighing of the possible costs,
benefits and needs associated with
different ways to address this crisis. The
framework is grounded in third-party
research by dozens of other research
groups and scientists assimilated in the
Monitor.

Subtitled “The State of the Climate
Crisis”, the first Monitor was issued in
December 2010 in conjunction with
the UN climate change talks in Cancuin.
DARA developed the report, and two
external advisory bodies were formed
to solicit wide-ranging third-party
input. A second edition of the Monitor
was subsequently commissioned in
November 2011 at the Ministerial
Meeting of the Climate Vulnerable
Forum held in Dhaka, Bangladesh.
DARA was mandated to develop the
second edition of the Monitor, overseen
by a joint Steering Group comprising
Climate Vulnerable Forum and DARA
officials and with continued input from
external advisory bodies.

IT5 PURPOSE

The Monitor was first assembled to
contribute to a fuller understanding

of the global climate crisis and to
support communities facing serious
challenges as a result of this emerging
concern. It aims to inform the public
and policymakers and help shape more
effective climate change policies. The
Monitor’s second edition essentially
measures the global impact of climate
change and the carbon economy in
socio-economic terms, both for today
and for the near future. In doing so,

it reveals information that enables

a comparison of the vulnerability of
different countries around the world
to climate-related effects. It highlights
the key issues at hand, assesses the
scale of the problem overall and in its
different aspects and anticipates the

rates of change and the distribution of
effects across various countries. The
report is not an attempt to “predict” the
future but to explore what implications
current patterns of core economic and
social activities hold for the near future.
Its estimations of socio-economic
impact should be considered broad
indications as opposed to precision
appraisals.

The Monitor is a country-level tool
that also provides for sub-regional,
regional, geopolitical and global
analysis. The development of the
Monitor’s second edition further
benefitted from in-country research
conducted in Ghana and Vietnam;

key insights from these exercises are
detailed in the relevant sections of
this report and have also been used
to support analysis elsewhere. The
country studies provide an idea of
how the Monitor’s information can be

employed in national contexts. However,

the Monitor is not a replacement for
regional, national and sub-national
analysis in any respect. Any global
study involves use of highest-common-
denominator information across
countries for the sake of comparability.
The Monitor is therefore most accurate
at the international level and least
accurate at sub-national levels. At all
levels, however, it is designed to serve
as complementary input and as a
reference point.

The body of data amassed here

could also help establish possible
relationships, causal and otherwise,
between climate-related phenomena
and social and political vulnerabilities,
such as propensity to armed violence,
instability and migration. This report,
for instance, particularly focuses on the
relationships between climate-related
impacts and transnational flows of
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climate change finance and of progress
towards the Millennium Development
Goals for 2015, the international
community’s leading objectives for
poverty reduction.

Finally, as the first edition of the Monitor
made clear, this report can be improved
upon in the future. In spite of its 19"
century roots, the science and analysis
of climate change is still a relatively new
field of study as conventionally defined,
and it is evolving rapidly. Several of

the indicators in this report rely on
information that was not available

when the first Monitor was being
developed only two years ago. Only a
few of the indicators in the report rely
on studies published prior to the last
major IPCC report in 2007. Its practical
shelf-life depends on how quickly this
highly active and interdisciplinary field
continues to advance.

ITS USERS

The Monitor is specifically prepared

to serve as a resource to Climate

Vulnerable Forum officials tasked with

negotiations and policy development

related to climate change. The Monitor

has also been used by analysts, policy

makers, senior representatives and

topic specialists from the following

groups:

- Civil society organizations

- Development Aid agencies and
intergovernmental and international
non-governmental humanitarian and
development organizations

- Financial institutions, such as
investment banks

- Government climate change,
environment, foreign affairs and
resources or planning departments

- Heads of state and government

- Journalists, commentators, bloggers

and the wider media

- Lead climate change negotiators
active in the UN talks

- Members or representatives of
parliaments in developed and
developing countries

- NATO member military intelligence
institutions and strategic studies
groups

- Research institutions and think tanks
with a development, humanitarian or
environment focus

APPLICATIONS

The data and perspectives the

Monitor provides have been used for

a number of applications, including
policy development guidance, resource
allocation, financial analysis and
communication on climate-change
issues.

Policy Development

With respect to policy development,
the Monitor serves as an additional
reference for helping national policy
makers and international organizations
design and calibrate programmes to
respond to climate change. This is
particularly valuable in lower-income
developing countries, where local
decision makers might otherwise not
be able to afford a third-party reference
to compare with the analysis of other
foreign consultants and external
experts (Ayers, 2010).

A brief review of National Adaptation
Programmes for Action lodged with

the UN Framework Convention on
Climate Change (UNFCCC) highlights
the differences and gaps between
countries’ existing policies and the
assessment here. Labour Productivity,
the most serious climate effect in the
Monitor, is barely considered. Cooling
of indoor space is also a non-issue in
most cases. Perhaps more alarming

is recent World Health Organization
research highlighting that just 3% of
resources for priority projects in Least
Developed Countries and small island
states target health (WHO, 2010). If
these policies had been developed
while consulting reference publications
like the Monitor, oversights and missed
priorities would likely have been more
readily avoided. And the impact of
national policies addressing climate



change might have been enhanced.
Another example is the international
humanitarian system. The Climate
section on Environmental Disasters
estimates that in less than 20

years, climate change could cause
thousands of deaths and hundreds of
billions of dollars in damage due to a
further aggravation of weather (this is
after accounting for any anticipated
reductions in risk as wealth increases).
Is the humanitarian system prepared
for such rapid increases in the scale
of emergencies? Are more capacities,
resources and institutional coordination
needed to ensure the international
community is prepared?

Climate change means the world

now operates in a highly variable

and dynamically evolving natural
environment where the future will
constantly be different from the past.
International policies of all kinds will
have to account for such evolutions in
medium- to long-term planning in order
to remain effective. Climate change
should be taken into account when
setting agendas and making policies
at the village, regional and global

level. And decision makers will need
to draw on as many different forward-
looking studies, such as the Monitor, as
possible.

Climate Finance

Because it compares current and
future levels of vulnerability to climate
change, the Monitor can help decision
makers prioritize where to spend their
resources. This not only relates to legal
obligations under the UNFCCC that
developed countries have assumed
to help developing countries. It also
relates to countries being able to see
the benefits and pitfalls of how they
allocate resources across various
sectors or strategies. There is however
no internationally accepted definition
of “vulnerable” countries among
intergovernmental agencies such as
the UNFCCC. Nor is the Monitor an
attempt to establish a fixed definition.
The Monitor does, however, provide
arguments for why a wide range of
countries - particularly developing
and least developed, land-locked, or
small island developing states - may
have very serious climate-related
vulnerabilities.

15 billion dollars of climate finance
currently flows each year from taxpayers
in developed countries to developing
countries, including just over 2 billion
dollars for support to adapt to climate
change impacts. Are those resources
being allocated according to who is
most vulnerable? Are those resources
being prioritized according to the
co-benefits they would deliver to the
environment or human health?

There are almost no comprehensive,
up-to-date tools for assessing the
near-term effects of climate change
and the carbon economy and how they
differ from country to country. And

yet international actors have to make
choices about where to focus energies
and resources today - and have

been doing so for over a decade now.
Despite the imperfections of such tools,
including this one, policy makers without
this kind of reference are passing
equally imperfect or worse judgements
on these issues or are allowing political,
cultural, strategic or military factors

to play a determining role in climate
change investment decisions. Some
combination of all approaches is most
likely. However, adding reference points
from independent assessments can
enrich the decision-making landscape
and support more effective and cost-
efficient policy.

Business and Investment

This report estimates the extent to which
climate change has already affected
the global economy, determining

the wealth and growth prospects of
different countries. As climate change
accelerates and triggers new effects, it
could have an even largerimpact on a
country’s economic state. The Monitor
provides a range of insights into the
risks different countries will face on this
front in the near term. Those insights
are of interest both for the purpose of
analysing a country’s overall risk and for
developing investment strategies.

Communication

The Monitor is useful to the lay person
as a broad introductory work as well as
to politicians and advocates across a
variety of organizations that can use the
data and analysis to question new or
prevailing policies, be they government,
corporate or otherwise.
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FOCUS AND STRUCTURE

Years
2010 and 2030

Countries
184

Assessments
A global examination of wide-ranging
negative and positive effects across
two separate climate-related themes.
Climate: The impact of climate
change on society.
Carbon: The independent impact
of the carbon economy on society
(separate from climate change).

Climate Vulnerability Levels
An indicator of the level of vulnerability
of a country, region or group to a
particular climate or carbon stress in
relation to levels experienced by other
countries.

@Acute @Severe  High

Most vulnerable

CLIMATE INDICATORS

Moderate @ Low

Least vulnerable

Impact Areas

- Environmental Disasters: Economic
and health effects of environmental
disasters generated or worsened by
human activity.

- Habitat Change: Economic effects
of shifts and changes to the
environment.

- Health Impact: Health and economic
effects for different diseases grouped
by iliness or cause.

- Industry Stress: Economic effects

experienced by specific sectors of the
economy.

CARBON INDICATORS

ENVIRONMENTAL DISASTERS ENVIRONMENTAL DISASTERS
Drought 0Oil Sands
Floods and Landslides Qil Spills
Storms

Wildfires

HABITAT CHANGE HABITAT CHANGE
Biodiversity Biodiversity
Desertification Desertification
Heating and Cooling Corrosion
Labour Productivity Water
Permafrost

Sea-Level Rise

Water

HEALTH IMPACT HEALTH IMPACT
Diarrheal Infections Air Pollution
Heat & Cold llinesses Indoor Smoke
Hunger Occupational Hazards
Malaria & Vector-Borne Skin Cancer
Meningitis

INDUSTRY STRESS INDUSTRY STRESS
Agriculture Agriculture
Fisheries Fisheries
Forestry Forestry

Hydro Energy

Tourism

Transport
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KEY CONGEPTS AND DEFINITIONS

CLIMATE

Climate is taken to mean the average
weather. The classical time period
used by the World Meteorological
Organization to determine the
climate is 30 years. So the climate
is the average weather over a given
period of 30 years. Parameters such
as temperature, rainfall and wind
can be examined to determine key
characteristics of the state of the
climate at different periods in time,
and to identify variation across time
periods. The section of the Monitor
labelled “Climate” is concerned with
the socio-economic effects of a
changing climate.

CLIMATE CHANGE

Climate change is a change in average
weather. For the purpose of this study,
itis assumed that human activities are
the principal and overwhelming - if not
exclusive - cause of the contemporary
warming of the climate, in accordance
with the broad consensus and more
recent evidence on this subject (IPCC,
2007; Rohde et al., 2012; Muller,
2012).

According to the United Nations
Framework Convention on Climate
Change (UNFCCC), climate change
occurs “in addition to natural climate
variability observed over comparable
time periods” (UNFCCC, 1992). The
Monitor controls for natural variability
in a number of ways, including by
judging all impacts against a 1975
baseline period (i.e. the change in
temperature and other variables
versus the 1975 climate), even
though considerable warming of the
climate system had occurred well
prior to 1975. Therefore the Monitor’s
assessment of climate change should
be understood to align with that of the
UNFCCC.

Climate change is caused by
alterations to the composition of the
Earth’s atmosphere, in particular,
through emissions of GHGs such as
CO,, and through changes to the

land, such as through deforestation
and land conversions. The process

is additionally tempered by a range
of positive or negative environmental
feedbacks, for instance the extent of
heat-reflective sea ice in the Arctic.
Climate change has as its
consequences a wide variety of
environmental, social and economic
effects, many of which are the subject
of this report. These consequences
are the exclusive focus of the first
part of the Monitor’s assessment,
labelled “Climate”.

CLIMATE VULNERABILITY

Climate vulnerability, or vulnerability
to climate change, is taken to mean
the degree to which a community
experiences harm as a result of a
change in climate. These communities
may be regional, sub-regional,
national, sub-national, or other.
Vulnerability encapsulates socio-
economic concerns, such as income
levels, access to information,
education, social safety nets and
other meaningful determinants of

the resilience of a given community.
It also encapsulates environmental

or so-called “bio-physical” factors,
such as geographic location,
topography, natural resource
supplies, vegetation and otherwise.

A community’s vulnerability in all
these respects may be determined
intrinsically, for example, through

a local government’s aversion to
corruption, or exogenous factors, such
as globalized markets.

The definition of “vulnerability”

used here aligns closely with the

IPCC definition, termed “outcome
vulnerability” - higher levels of harm
are the outcome in large part of higher
levels of vulnerability, and vice versa,
impacts are lower where vulnerability
is lower (IPCC, 2007; Fiissel, 2009).
The Monitor’s concept of vulnerability,
therefore, is a composite of exposure
and vulnerability and may also be
referred to as “risk” (Peduzzi

etal., 2012a).

CARBON

Carbon dioxide (CO,) is a principal
greenhouse gas along with numerous
other “heat-trapping” pollutants, such
as methane, black carbon or nitrous
oxide. Like these other pollutants, CO,
is typically generated as a by-product
of combustion when carbon-based
fuels - e.g. coal, oil, charcoal/wood,
natural gas - are burned. So the terms
“carbon” and “carbon economy” have
come to embody the problem at the
root of the climate challenge and

are used here as a blanket name for
all greenhouse pollutants that are
related to human activity and can
cause climate change, or detract
from resolving it. Not covered under
the rubric of “Carbon” is the full
breadth of socio-economic impacts
related to the industrial economy.
Toxic factory refuse, industrial solvent
disposal and waste, or agricultural
pesticides and other such issues are
deliberately not considered here.

The Monitor also assumes that any
societal or environmental costs of a
low-carbon economy, i.e. externalities
of renewable or low-emissions

energy solutions, are negligible with
respect to this framework of analysis,
since carbon intensive energy

modes generate 10 to 100+ times
greater negative externalities for the
environment and society than low-
carbon alternatives (IPCC, 2012b).

ADAPTATION

Adaptation is understood as actions
that help communities or their
ecosystems cope with a changing
climate, in particular, steps that
reduce any losses or harm inflicted.
The IPCC defines adaptation as an
adjustment in natural or human
systems to reduce the harm or exploit
the benefits of actual or expected
climatic stimuli or their effects.

MITIGATION

Mitigation is broadly understood as
action that stems global warming,

i.e. that mitigates the warming effect.
The IPCC defines mitigation as human
intervention to reduce the sources

or enhance the sinks of greenhouse
gases. Mitigation policies could be
programmed to minimize the negative
(and positive) impacts measured in
the Carbon part of the Monitor.

In the scenarios and indicators of

the Climate and Causes section, the
Monitor has factored in carbon use

or emissions according to reference
scenarios - the IPCC’s mid to high
A1B scenario is the most common
assumption used (IPCC SRES, 2000).
Although there is variation from
indicator to indicator, the Monitor
does assume communities have

a baseline capacity to adapt and

that a degree of forced adaptation

is already occurring. This is seen in
various socio-economic datasets that
underlie certain indicators. So, for
instance, the level of mortality risk

for Bangladesh estimated by the UN
reflects the current sum of exposure
and vulnerability there, including any
efforts that have been made to adapt
to a changing climate. The Climate
Water indicator is another example,
where the line between impact and
adaptation blurs since the assumption
is that the next cheapest option will be
chosen to replace lost water resources
at cost and according to demand,

so the value of water lost or gained

is its market value. In addition, the
Monitor has made various dynamic
adjustments, such as adjusting a
community’s vulnerability measure
due to its economic growth prospects.
For Climate and Carbon health
indicators, for instance, there is strong
evidence that many diseases decline
as countries gain in wealth, so that is
accounted for in the Monitor (Mathers
and Loncar, 2005).



USING THE MONITOR

The Monitor is divided into three main
parts: first, a region-by-region, then
country-by-country overview of the
assessment for all 184 countries
included in the analysis; then the two
key sections, Climate and Carbon.
These detailed sections provide data
and an explanation for each indicator
and detail the principal causes and
effects for each instance.

The Monitor’s second edition is not
directly comparable with the 2010
Monitor because updates to the
methodology, including a significant
expansion in the breadth of analysis,
make the new edition substantially
more comprehensive than the
original.

The country studies follow the
Climate section, as their focus relates
primarily to the Monitor’s Climate
assessment. And the report provides
an analysis of the interrelationships
between Climate and Carbon as a
bridge between the two sections.
The reader will find country-level
information for each of the report’s
34 indicators. The data tables and
the upper map of each indicator
groups countries by their level

of vulnerability. The level given,
which is for 2030, assumes that no
deliberately scaled-up attempts will
be made to reduce risks. The climate
change impact in 2030 is understood
to be largely committed because

the oceans have absorbed a certain
amount of heat that they will release
back into the atmosphere, ensuring
continued warming for decades to
come (Hansen et al., 2005). Figures
in absolute terms are given either in
mortality or US dollars (2010 PPP)

or both. Other metrics are provided
for some of the indicators where
appropriate and feasible.

The values given represent this
research project’s best estimates

of possible country-level outcomes.
Larger countries invariably have larger
impacts when measured in absolute
terms, but the level of vulnerability
registered identifies the intensity

of the effects relative to size. The
figures are basically averages and,
despite the impression of precision

they convey, it's important to note
that it is nearly impossible to achieve
any real precision. All figures should
be considered plausible but simply a
broad indication of the level of impact
that could be expected.

CONFIDENCE

Itis also important to note, when
reviewing information at the indicator
level, that each indicator has been
assigned a level of “Confidence” and,
in the case of the Climate section,
“Regional Climate Uncertainty”.
Confidence is noted as “Robust”
(highest confidence), “Indicative”, or
“Speculative” (least confidence). That
evaluation is based on judgements
that are explained in this book’s
Navigator and in more detail in the
Monitor's methodological annex at:
<www.daraint.org/cvm2/method>.
Localized Uncertainties

Climate outcomes are deemed more
certain for some regions than for
others. Therefore, the Climate section
includes maps of regional climate
uncertainty (lower map). These
indicate the level of disagreement
among leading climate models by
region on whether there will be
increases or decreases in the main
driving climate variables, such

as rainfall or temperature. When
uncertainty is “Limited”, it denotes
for instance that less than 10% of
models disagree for that region on
an increase or decrease. When it is
“Considerable”, more than one third
of models disagree. This information
is particularly relevant for indicators
based on highly uncertain climate
parameters, such as rainfall. A lot
more rain or a lot less would make

a significant difference for any
response to climate change, and
different models sometimes show
little agreement on such key points
(Tebaldi et al., 2011).

Uncertainty related to the degree

of change is not represented in
these maps but is one of the factors
accounted for in the Confidence
evaluation. The Monitor’s assessment
is based on the average point of

models whenever a group of these
was available. An exception is the
model drawn on for the Storms
indicator, specifically for tropical
cyclones. The models available gave
such completely opposing outputs
that a mean was uninformative.

The model most aligned with
observational evidence was chosen
instead (Mendelsohn et al., 2012;
IPCC, 2007). This disagreement is
captured in regional uncertainty
maps, where most key areas of the
globe affected by tropical cyclones
(although not North America)

carry “Considerable” uncertainty.
The Storms indicator is labelled
“Speculative” in part due to discord
on the scale of changes predicted by
different models.

COUNTRY-LEVEL
INTERPRETATION

When consulting the Monitor at the

country level, readers are encouraged

to take advantage of these multi-
point considerations. If an indicator
is “Speculative” and the country

of interest is within a region with
“Considerable” uncertainty on the
direction of change, the assessment
provided in the Monitor should be
treated with much more caution
than if the inverse confidence and
uncertainty values had been given.
However, just because models
disagree does not mean that the

values provided could not be potential

future outcomes. Responses to the
impacts of climate change should
ideally be robust to a range of
different outcomes (Dessai et al.,
2009). Therefore, planning should be
capable of coping with at least the
level of impact suggested here.
Countries with negative or very low
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clear trend (Mendelsohn et al., 2012;
Callaghan and Power, 2010; IPCC,
2012a). Given the levels of uncertainty
and lack of agreement among

experts, it is likely wiser to take more
precautions than the Monitor indicates
as necessary.

impacts projected for low confidence,
high uncertainty indicators like Storms
should also respond with caution. The
model chosen for Storms predicts a
decrease of cyclone activity in the
Pacific basin, the likelihood of which
has been confirmed by other studies,
although there is no consensus on any
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DROUGHT
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he increase in heat is already being
experienced. Itis virtually certain
to increase in the coming years
(IPCC, 2007). Parts of the world
experiencing additional rainfall will
also experience drought (Sheffield
and Wood, 2008; Helm et al., 2010).
Drought can diminish crop yields and kill
livestock, generating serious economic
losses for affected communities (Pandey
etal. (eds.), 2007). Some of the world’s
major agriculturally productive regions,
such as Brazil and Australia, are already
affected (Saleska et al., 2011; LeBlanc
etal., 2009). Deforestation and other
forms of environmental degradation only
worsen risk of drought (Turner Il et al.,
2007). Reducing losses and safeguarding
communities will require the tackling
of these problems as well stimulating
increased water availability through
effective capture, storage and distribution
measures and policies (McKinsey &
Company, 2009). Displacing risks to the
insurance industry would also alleviate
the severity of losses to individuals and
communities (Linnerooth-Bayer and
Mechler, 2006).

CLIMATE MECHANISM

A hotter planet not unsurprisingly
implies more drought (Sheffield and
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2004 80 2004
2002 79 2010

CLIMATE

Wood, 2008). This is qualified by the
fact that because of climate change
there will also be more moisture and
rain in the atmosphere (Allen and
Ingram, 2002; Huntington, 2006;
Kharin et al., 2007). Additional rain
however tends to fall far north or
south, where it is not lacking, and

less rain tends to fall in the tropical
areas of the planet which are already
near thermal maximums and where

a majority of the world’s population
live (Helm et al., 2010; Sherwood and
Huber, 2010). In parts of the tropics,
clouds are gaining in altitude and
failing to deposit their moisture on
mountain ranges (Malhi et al., 2008).
As evidenced in cities, even if more rain
falls, provided heat rises faster, any
additional water would evaporate and
not benefit the soil and its vegetation
(Schmidt in Hao et al. (eds.), 2009).
Hence, global aridity has increased
and is expected to continue increasing,
including in areas like the US, which
have largely escaped the most severe
forms of drought to date (Dai, 2011).
Even where rainfall is declining, it

is becoming more concentrated
generating longer dry spells (Trenberth,
2011). Moreover, country level analysis
in Vietnam for instance shows how in
regions prone to extreme heat rain will

° SURGE

8,000

3,600

2,000
1,650
1,400

likely decline in dry seasons and only
increase in wet seasons when there

will be an overabundance (Vietnam
MONRE, 2010). Extreme forms of

heat experienced today, such as the
European heat wave of 2003, the Russian
heat wave of 2010, or the extreme
summer temperatures of 2011 in Texas
would have been extremely unlikely to
occur in the absence of climate change
(Hansen et al., 2012).

When drought hits, plant productivity is
directly affected and the mortality risk
for livestock, such as cattle or birds, is
greatly raised and indirectly can create
vulnerabilities which invasive pests

can exploit, further increasing damage
(Chaves et al., 2009; Lesnoff et al., 2012;
Wolf, 2009; Cherwin, 2009). Economic
losses clearly result (Pandey et al. (eds.)
2007; Ding et al., 2011). Drought also
damages buildings and infrastructure due
to the shrinking and swelling of soil under
extreme heat and aridity. This can lead

to structural failure or accelerate asset
depreciation (Corti et al., 2009).

IMPACTS

The global impact of climate change on
drought is estimated to cause close to
four billion dollars in damage a year in
2010, set to increase as a share of GDP to

ENVIRONMENTAL DISASTERS 1109

2030 when average annual losses would
reach close to 20 billion dollars a year.
The impact is very widespread with
some 160 countries experiencing

high vulnerability to drought by 2030.
There are many regions which are
seriously affected, especially the

wider Mediterranean basin and Black
Sea, North Africa, the Middle East

and southern and eastern Europe. In
addition, parts of Central Asia and
Southern Africa are also expected to
experience severe effects. While mainly
developing countries are affected,
since developed nations in general are
located geographically in the far north
or south, a handful of major advanced
economies are exposed to the most
severe effects, in particular Spain,
Portugal, Greece and Australia. Large
numbers of least developed countries
figure among those countries with Acute
or Severe levels of vulnerability.

The largest total impact is felt in China
whose estimated losses in 2010 of 800
million dollars would surpass six billion
dollars a year in damage by 2030. Other
countries with particularly large-scale
impacts include India, Iran, the US,
Spain, Mexico, Brazil and Russia -
several are estimated to experience
impacts in excess of 1 billion dollars in
annual losses by 2030.
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THE BROADER CONTEXT

Virtually all of the costliest drought years
have occurred in the last two decades
(CRED/EM-DAT, 2012). For statistical
reasons it is still difficult to conclusively
discern and pronounce on any global
trends in drought losses; however the
IPCC and insurance industry have
reported increases in drought impact, and
regional drought has become extreme

in recent years (Quarantelli, 2001; IPCC,
2007; Bouwer, 2011). Major agricultural
zones of Australia have experienced
prolonged drought for a decade, not
attenuated by a return to pre-drought
levels of rainfall as the heat rises (LeBlanc
etal., 2009). A 2010 drought in Brazil
and across the Amazon regions was one
of the worst ever (Saleska et al., 2011).
The insurance industry is gauging growing
losses as a result of drought-triggered soil
subsidence and damage to buildings and
infrastructure, estimated to cost €340
million per year in France alone (Swiss
Re, 2010).

VULNERABILITIES AND WIDER
OUTCOMES

beography is a prime vulnerability,
since countries in the far north receive

considerably more rainfall (IPCC, 2007;
Helm et al., 2010). Demand for water is
another key determinant of vulnerability,
since drought in the middle of the
Sahara is of little consequence, while
drought in the southern US, Europe or
India is a major concern. Global water
demand is expected to almost double
by 2030, in particular due to increased
water withdrawals in the agricultural
sector - just as climate change will
deprive many of the world’s productive
regions of water (McKinsey & Company,
2009; Sheffield and Wood, 2008).
Land degradation from over-intensive
agricultural exploitation or over-grazing
and deforestation also greatly increase
susceptibility to drought - another 30
% loss of forest in the Amazon could
push the entire region into permanent
aridity (Malhi et al., 2008). A lack

of adequate irrigation and water
infrastructure exacerbates drought
since water captured in other periods of
the year cannot be drawn upon during
periods of prolonged aridity. In general,
water-deprived economies have been
understood to be less prosperous
(Brown and Lall, 2006). The human
health consequences of drought are
principally accounted for under the
Hunger indicator of the Monitor.

COUNTRY 2010 2030 COUNTRY
Afghanistan 5 40 | Australia
Armenia 5 25 Azerbaijan
Bolivia 5 45 | Bangladesh
Bosnia and Herzegovina 15 100 | Belarus
Cambodia 5 60 | Benin
China 800 6,250 | Costa Rica
Croatia 15 85 | Denmark
Cuba 10 65 | Ethiopia

El Salvador 10 10 | Guatemala
Gambia 1 | Guinea
Georgia 10 50 | Guinea-Bissau
Greece 3 95 || Honduras
Guyana 1 15§ India
Hungary 15 90 | Jamaica
Iran 200 1500 | Laos
Lithuania 10 45 | Macedonia
Mauritius 5 %5 || Mexico
Moldova 10 65 | Pakistan
Morocco 40 300 | Sierra Leone
Mozambique 1 10 | swaziland
Namibia 1 10 | Thailand
Nicaragua 1 15§ Uzbekistan
Peru % 150

Portugal 45 150 © Albania
Romania 2 100 © Aigeria
South Africa 50 %0 | Angola
Spain 200 650 | Antigua and Barbuda
Tajikistan 5 20 | Argentina
Uruguay 5 40 | Austria
Vietnam 40 350 | Bahamas
Zimbabwe 1 10 | Bahrain

RESPONSES

Any response to drought must face

up to two key concerns: 1) increasing
water availability, and 2) dealing with
building and infrastructure damage

due to sinking or destabilized land.
Increasing water availability will be met
at the market cost of supplying water,
which varies from region to region
depending on the degree of water
scarcity currently prevailing locally
(McKinsey & Company, 2009). Effective
governments would anticipate any
shortfall and stimulate action to meet
any expected water demand shortfall

in order to avoid economic losses

and loss of tax revenues. Addressing
soil subsidence through design could
involve the retrofitting of buildings

to withstand soil movements linked

to drought. Both drought and soil
subsidence impacts can be dealt with
by displacing risks to the insurance
(and micro-insurance) industry through
policies enabling businesses and home-
owners to safeguard against potential
damages (Swiss Re, 2011; Churchill and
Matul, 2012).

THE INDICATOR

The indicator measures the impact
of climate change on drought,
defined as a consecutive sequence
of months with “anomalously low
soil moisture”. It measures the
change in both disaster damages
and depreciation of property due
to soil subsidence damages. The
change in the number of droughts
expected to occur is estimated
using an ensemble of eight climate
models (Sheffield and Wood,
2008). Baseline data for disaster
damages is derived from the main
international disaster database,
but is known to be incomplete
(CRED/EM-DAT, 2012). Accelerated
depreciation of infrastructure due
to soil subsidence uses a model
based on France and extrapolated
based on GDP per capita and
population density, but excluding
arid countries where the effect is
considered less relevant (Corti et
al., 2009; Hoekstra et al., 2010).
Limitations and uncertainties relate
to difficulties in estimating rainfall
change for certain regions, the
simplistic 1:1 damage assumption
implied and to the extrapolation
used for the soil subsidence

indicator.
(s (s
2010 2030 COUNTRY 2010 2030
Barbados 1
s 100 Belgium 10 15
9 3 Belize 1
15 15 | Bhutan !
10 35 | Botswana 1 5
1 5 | Brazil 9% 550
1 15 | Brunei 1 9
10 % Bulgaria 5 20
9 2 | Burkina Faso 1 1
5 20 | Burundi 1
1 1 cameroon 1 5
1 Cape Verde
1 10 © central African Republic 1
300 1500 | chile 15 10
1 9 | Colombia 15 80
1 5 | comoros
1 ) | Congo 1 1
9% 600 | cote d'Ivoire 1 9
35 200 Cyprus 1 1
1 | Czech Republic 10 40
1 ' Dominica
40 200 | Dominican Republic 5 2
5 30 DR Congo 1 5
Ecuador 5 30
1 5 | Egypt 10 50
5 30 | Equatorial Guinea 1 5
5 15 | Estonia 1 5
Fiji 1
% 150 | Gabon 1 5
10 10 | Germany 10 100
1 | Ghana 5 15
1 9 | Grenada

e Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERABILITY Otcue Oserre O Oviocee @Low

o -
Vulnerability measure:
o comparative losses as

a share of GDP in USD
(national)

@Limited @ Partial  Considerable
e N —=

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Haiti 1 1 | Paraguay 1 5 | Venezuela 10 45
Iceland 1 | Philippines 20 85 | zambia 1 1
Indonesia LI 20 | Poland Bl 100
Iraq 5 15 © Qatar 5 20 Canada % I
Ireland 5 5 | Russia 90 400 Chad
Italy 55 150 | Rwanda 1 1 i
Kazakhstan 5 20 | saint Lucia 1 lntrea
Kenya 1 5 | SaintVincent Finland ! 1
Kiribati Samoa France b 13
Kuwait 5 20 | saoTome and Principe Israel 1 15
Latvia 1 5 | Seychelles 1 | Japan 90 150
Lebanon 1 10 | Singapore 10 40 Luxembourg 1 1
Lesotho 1 | Slovakia 5 15 | Mongolia 1
Liberia Slovenia 1 10 Niger 1
Libya 1 10 Solomon Islands N 1 5
orway
Madagascar 1 5 | South Korea 55 250
; ) Oman 1 5
Malawi 1 1 | SriLanka 5 % o | 0
Malaysia 20 80 | Suriname | | Saudi ,-Arabla
Maldives Tanzania 5 15 | Somalia
Mali 1 1 | Timor-Leste 1 | Sudan/South Sudan 1 10
Malta 1 | Togo 1 | Sweden 9 10
Marshall Islands Tonga Switzerland 5 10
Micronesia Trinidad and Tobago 1 5 | Syra 1 5
Myanmar 1 10 | Tunisia 5 15 | Yemen 1 5
Nepal 1 10 | Turkey 35
Netherlands 15 %5 | Tuvalu -
Djibouti
New Zealand 5 5 | Uganda 1 10
Nigeria 5 10| Ukaine o | loran
North Korea 1 10 | United Arab Emirates 5 2% | Kyreyzstan
Palau United Kingdom 55 90 | Mauritania
Panama 1 10 | United States 900 1250 | Senegal

Papua New Guinea 1 1 | Vanuatu Turkmenistan
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FLO0DS & LANDSLIDES
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Heavy rainfall, the main trigger of
flooding and landslides, is on the rise

Spring comes earlier and releases
more water from mountains and glaciers
which adds further to flood risks

Future increases in these effects
may coincide, generating more mega
disasters of the scale of the 2010
Pakistan floods

Comprehensive risk reduction

efforts in implementation of the Hyogo
Framework for Action are helping to
reduce vulnerabilities, even as world
population and exposed infrastructure
expand

Parallel efforts are not being made to
deliberately adjust humanitarian relief
systems to growing flood dange
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looding is a common natural

hazard from increases in

rainfall due to climate change.

Floods are expected to worsen

practically everywhere, even

in areas facing declining
annual rainfall, as heavy downpours
become more common (IPCC, 2007).
More floods mean more deaths and
injuries, more damaged property and
infrastructure, and growing disruption
of economic activities. Where large
countries like China, Pakistan, or the
US are affected, the lives of millions of
people may be disrupted and billions
of dollars of economic damage inflicted
(CRED/EM-DAT, 2012). However, the
risk of death due to flooding is heavily
concentrated in low-income countries,
which face significant risks of setbacks
in development gains, with women
particularly vulnerable (UNISDR,
2011; Nelleman et al., 2011). Highly
cost-effective including “low-regrets”
measures to limit damages and
speed recovery are also inaccessible
to many for lack of the capacity and
up-front resources to implement them
(IPCC, 2012a). Social and political
factors, including illiteracy and the
over-exploitation of resources often
exacerbate these problems
(UNISDR, 2009).
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CLIMATE MECHANISM

A warmer planet means a more active
hydrological system, as water is
evaporated faster from oceans and
land, generating cloud and rainfall
(Dore, 2005; Kharin et al., 2007).
That means more rain overall and
more energy in general in the global
climate system as it heats up, leading
to heavier downpours of rain, more
variable or erratic rainfall, and more
frequent heavy precipitation. Coupled
with an earlier spring that discharges
more water as glaciers continue to
decline, the implications are that risk
of flooding and landslides caused

by weather, and not earthquakes or
otherwise, are on an increase (Hidalgo
et al., 2009; RadiX and Hock, 2011;
IPCC, 2007; Mirza et al., 2003;
Jonkman et al., 2008; Bouwer et al.,
2010). The evidence base for the
flood trend is low, in particular due to
inadequate gauge station records and
confounding information linked to land
use and engineering (IPCC, 2012a). The
increase in heavy rainfall during short
periods of time is assured and is not
only the main trigger of flooding, but
the main input variable to early warning
tools to predict flooding (Prudhomme et
al., 2002; Harris et al., 2007).
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IMPACTS

Globally, climate change is already
estimated to be responsible for close to
an average of 3,000 deaths per year and
around 10 billion dollars in economic
losses through flooding and landslides.
For every death, there can be as many
as 10,000 people in need of emergency
assistance; each year, over 25 million
more people are affected than in earlier
periods when climate change was not

so marked. Over the next 20 years,

the climate-related flood death toll is
expected to increase only modestly to
3,500 deaths per year with economic
losses more than tripling as a share of
global GDP, reaching 95 billion dollars per
year by 2030.

Approximately two-thirds of these losses
are incurred in China and India alone.
Populous emerging economies in Asia,
such as Bangladesh, Pakistan, and
Vietnam are particularly vulnerable, as
are mountainous developing countries,
such as Bhutan and Nepal. Effects are
widely distributed around the world,

with the number of countries labeled
“Acute” doubling by 2030. Low-lying small
island states, such as the Maldives, are
unaffected by non-coastal flooding and
landslides, whereas mountainous small
islands, such as Haiti or Fiji are at high risk.
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THE BROADER CONTEXT

The significance of socio-economic
determinants of risk mean climate
change is only one factor in the scale
of damage generated by so-called
natural disasters. Mortality risk due to
extreme weather is known to fall over
time with rising incomes (Peduzzi et al.,
2012). However, economic losses show
increases in recent years (CRED/EM-
DAT, 2012; Munich Re, 2012). These
observations support the UN’s analysis
that as socio-economic development
improves, fewer people are killed, but
infrastructure is at greater risk (UNISDR,
2009 and 2011).

VULNERABILITIES AND WIDER
OUTCOMES

Vulnerability levels are often dictated by
socio-economic development standing
and the associated effectiveness

of governments in putting in place
measures that can limit dangers for
populations. Poorly located, unprotected
flood plain settlements are also at

high risk, but sound governance

should prevent or rationalize this

type of development. Environmental
degradation and unwise patterns of land
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usage, particularly deforestation, further

exacerbate localized vulnerabilities,

for example, by destabilizing hillsides
and by increasing the flow of rainwater
over land—effects especially significant

in developing countries (Brashshaw et

al., 2007). High rates of urbanization,

common in most developing countries

around the world today, often lead

rural-urban migrants to settle in flood

plain shanty towns adjacent to major
urban centres, adding to the level of risk

(Quarantelli, 2003).

Flooding carries serious consequences

for economic activity, especially for
lower-income communities where
insurance that otherwise speeds
economic rebound is least prevalent
(Dodman and Satterthwaite, 2008).
Harm to poverty-reduction efforts
has been shown to result more from
widespread and regularly occurring

small- to medium-scale disasters, since
they repeatedly frustrate development

progress, even though freak, high-

profile, catastrophes typically receive

more attention (Lavell, 2008). Flood
damage—particularly ecological and
social costs or diffuse disruptions to
broad economic activities—is also

difficult to fully quantify, and in extreme
cases can persist for months (Messner

and Meyer, 2005).

© ©O

RESPONSES

Like other disasters, floods are
considered to have three core
components: hazard, exposure, and
vulnerability. Hazard is a variable
largely beyond immediate human
control, so responses either aim to
decrease vulnerability or exposure
to hazard, or both. Measures such
as rapid early warning systems,
disaster education, building codes
and their regulation, environmental
protection against deforestation
and land degradation, insurance
for infrastructure or other economic
assets, flood defences and storm
drains, strengthening of local
ecosystems, disaster volunteer

programmes all reduce vulnerabilities,

but may demand resources which many
countries simply do not possess. Under

pressure of economic and population

growth, most increases in exposure

are inevitable. But strategic municipal

planning for infrastructure development

can help minimize the extent of new
exposure to risk. Urban centres with
elevated population densities are

also high-dividend opportunities for

reducing possible disasters, provided
urban authorities are willing and able

to meet the needs of their residents

0 o

COUNTRY 2010 2030 2010 2030 2010 2030 COUNTRY 2010 2030
ACUTE Armenia 1 1
Bangladesh 75 100 300 3000 600000 900000 | Belize
Bhutan 1 1 1 15,000 25,000 Costa Rica 1 1
Bolivia 1 1 30 300 10000 15000 | czech Republic
Cambodia 0 10 20 200 65000 85000 § Guatemala b1
China 200 150 4500 50,000 2,000,000 1500000 | Honduras 1 1
Comoros 5 10 45000 85000 F iran 10 10
Dominica 1 1 2,500 3,000 Myanmar 3 45
Ecuador 1 5 30 300 25000 30,000 | Siovenia
Fiji 1 1 110 4,000 3500 | Thailand 1
Guyana 10 100 2,000 1500 ¥ Zimbabwe 1 1
Haiti 505 5 35 30000 40,000
India 2,000 2500 1,000 10,000 20,000,000 25,000,000 © Albania 1 1
Kyrgyzstan 1 1 5 35 9,500 15,000 Argentina 5 5
Laos 510 1 15 55000 70000 | Australia 1 1
Macedonia 550 1500 L1000 | Austria 1 1
Moldova 1 1 15 100 5500 5000 | Azerbaijan 1 1
Mozambique 1 5 10 85 20000 30000 | Belarus 1 1
Nepal 0 15 15 150 85000 100000 | Benin 1 1
North Korea 10 10 550 6500 100000 85000 © Brunei
Pakistan 30 45 350 3000 300000 450000 | Bulgaria 1 1
Saint Lucia 1 1 1 6000 6000 | Burkina Faso 1 1
Sao Tome and Principe | 1 15000 25000 © Burundi 1 1
Solomon Islands 1 1 5,000 9000 | cape Verde
Tajikistan 5 5 40 300 30000 45000 | colombia 10 10
Timor-Leste 1 1 25000 25000 | croatia 1 1
Turkmenistan 5 10 5 2% 55000 80000 | Dominican Republic 1 1
Vanuatu 1 1 2500 4000 © ElISalvador 1 5
Vietnam 5 55 150 2000 500,000 500,000 | Equatorial Guinea 1
Yemen 1 1 3250 7500 25000 | Gabon 1 1
Georgia 1 1
Afghanistan 5 10 5 35 55000 90000 | indonesia 2% 3

in managing risks (Dodman and
Satterthwaite, 2008).

The capacity of governments to develop
and implement a range of risk-reduction
measures is considered a fundamental
determinant of the success of national

disaster prevention and recovery

strategies; this includes the ability to
incorporate considerations of disaster
risk into wide-ranging state agendas,
from education to municipal planning

and fiscal tools. Capacity to do so is

also most deficient in highly vulnerable,

low-income settings (Ahrens and
Rudolph, 2006).
A number of low-income countries,

such as Bangladesh have nevertheless

managed to reduce levels of
vulnerability through cost-effective

community and volunteer-based efforts,

as alternatives to more resource-

intensive measures (Khan, 2007). On

the other hand, recent floods along
the Mississippi and Missouri rivers
in the US have shown how even the
highly developed countries can be

overwhelmed by large-scale events
(Olson and Morton, 2012). New

extremes and delays in policy changes

to increase resilience mean that the
world’s humanitarian system should

prepare for serious increases in flood

response in the years ahead.

(3] (1)

2010 2030 2010 2030 COUNTRY
120000 25000 | rtaly
1 1500 2000 | Jamaica
55 6500 10,000 | Liberia
5 350 2,000 1500 | Madagascar
5 60 45000 90,000 | malawi
5 70 15000 20000 | malaysia
200 1500 40000 50000 | Mmalta
5 40 250,000 350,000 © Mauritius
5 9% 2,000 1500 | New Zealand
100 1,000 150,000 100,000 © Nicaragua
5 25 15000 25000 © Niger
Papua New Guinea
11 5000 6500 | Peru
70 700 15000 20,000 © Philippines
65 200 2500 5500 © Poland
090 5,000 6,500 | Romania
5 30 10000 10,000 | sieraLeone
5% 6,500 5500 © Somalia
1 5 7500 15000 © South Korea
1500 1500 sriLanka
0 3,000 1,500 | Sudan/South Sudan
1 B 3,000 1500 © Suriname
110000 20,000 | swaziland
1500 2000 | Switzerland
5 450 35000 45000 | Ukraine
0 8 4,000 3000 | uzbekistan
1% 1500 8,000 ¥ venezuela
120000 30000
2,000 3500 | Algeria
1500 3000 | Angola
1 10 30000 20000 | Bahamas
75 650 250,000 250,000 | Bahrain

THE INDICATOR

The indicator combines exposure
to floods and landslides with
modeled mortality risk for
estimations of deaths with
socio-economic adjustments. For
economic losses, a combination
of 20 years of disaster data from
different sources is relied upon
as a baseline. The indicator then
estimates how the change in, or
increases in the occurrence of,
heavy precipitation events would
alter the current picture of flood
and landslide risk. Uncertainty
regarding precipitation change in
some areas is an impediment to
reliable national-level estimates of
these changes. Likewise, country-
specific variation in the effects

of increased heavy rainfall is not
accounted for, except through
the worsening of the pre-existing
topography of risk, as reflected

in historic and modeled disaster
data. Although records of floods
are unreliable, models of the
effects of climate change on heavy
precipitation and observed rainfall
changes do reveal the increasing
trend (IPCC, 2007, IPCC, 2012a;
Kharin et al.).
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2010 2030 2010 2030 010 2030
1 1 150 500 9500 7,000
1 1 L 20 3500 4000
1 1 9500 15000
9 9 1 15 30000 55000
1 1 1§ 15000 25000
9 9 20 200 15000 15,000

11 200 300

1 1500 1500

1 1 5 15 4500 8500
1 9 1 5 20,000 40000
1 9 1 10 10000 25000
1 9 15 30000 40000
9 9 15 150 15000 20000
B % 30 300 200000 250,000
1 1 85 600 9500 4,000
1 140 300 8500 6,000
1 9 1 15000 30000
1 9 1 120000 45000
9 9 9 800 25000 20,000
9 9 150 45000 40,000
9 9 5 40 40000 55,000
950 650

1 3000 4,000

1 1 %18 2000 3,000
1 140 300 25000 15000
0 15 1 95000 150000
9 9 30 300 15000 15,000
9 9 5 60 15000 20,000
1 9 120000 45000
1 650 850

Q Additional mortality due to climate change - yearly average e Additional economic costs due to climate change (million USD PPP) - yearly average
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COUNTRY 000 2030 2000 2030 2010 2030  COUNTRY 2000 2030 2010 2030 2010 2030  COUNTRY 000 2030 2010 2030 2010 2090
Belgium L1 5 1500 2000 | isreel 11 5 1500 2000 | senega 11 1 5 9500 15000
BosniaandHerzegoinal 1 1 5 3000 2000 | Japan 55 150 400 20000 35000 | seycheles

Botswana 1 650 700 | Jordan 1 2,000 3,000 Singapore 1 5

Brazi 5 10 20 00 30000 30000 | Kazakhstan L5 5 0 1000 15000 | gorakia | 50 o0 2000
Cameroon 505 I 35000 50000 | Kenya 5 5 1 10 40000 50000 )

Canada L5 0 00 9000 20000 | Kuwait 15 opp | SoumAMee 1 1 1; g: Zggg gggg
Central African Republic] | 6000 9500 | Latvia 1000 750 | Seain ‘ :
Chad o I 9500 20000 | Lebanon o 3000 3000 | Sweden L 4o 60
Chile 11 5 50 4000 4500 | Lesotho 3500 3500 | Syia L5 30000 45,000
Congo 11 7000 15000 | Libya 1 5 850 850 | Tanzania L5 L 10 20000 30000
Cote d'lvoire 1 1 20000 30000 © Lithuania 1,000 900 © Togo 1 1 1 5,000 9,000
Cuba 1 1 10 2500 2500 | Luxembourg 1 200 500 | Tonga

Cyprus 150 1500 | Mmali 1 1 10,000 20,000 Trinidad and Tobago 1 650 600
Denmark 1 250 350 | Mauritania 1 1 2,000 4500 Tunisia 1 5 15 3500 4000
Djibouti 200 250 | Mexico 10 10 5 500 40,000 40,000 Turkey 5o 000 15000 35000
DR Congo 10 25 1 90,000 200,000 | Micronesia

Egypt 5 10 5 30 65000 80000 | Mongolia 1 I asw gap Ve L9 L_I000 35000
Eritea o 4500 1500 | Morocco I 1 5 N B0 000 |UntedAmbEmiaes 11 1A 250 3000
Estonia 150 450 | Namiia [ 1000 1500 | United Kingdom LoL 100 30 350 5300
Ethiopia 015 15 75000 150000 | Netherlands 11 15 40 2000 3500 | United States 5.5 600 2000 15000 35,000
Finland 1 Nigeria n 15 1 20 85000 150000 | Uruguay 1 1 1 b 1,500 1,500
France 11 60 200 9000 15000 | Norway I 5 100 1000 ! Zambia 11 [ 10000 20000
Gambia 1000 1500 | oman 1 I 1500 3000 [T

Germany 11 100 30 4500 6500 | Panama ool 152000 200 | poieua ond Barbuca

Ghana 11 1 5 G500 10000 | Paraguay 11 L0000 2000 g

Greece I 1 10 30 2000 3000 | Porugal TN D 21T oo

Guinea 15 I 15000 25000 | Qatar 00 gm0 |

Guinea-Bissau 950 1500 | Russia 0 5 75 50 35000 25p00 | Kirbad

Hungary 0 85 1500 900 | Rwanda 11 15000 25,000 | Maldives

Iceland 1 150 250 | saintVincent Marshall Islands

Iraq 5 5 35000 60,000 | samoa Palau

Ireland 1 5 15 1,000 2500 | Saudi Arabia 1 10 90 1,500 3000 | Tuvalu

0 Additional persons affected/in need of emergency assistance due to climate change - yearly average
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All weather is affected by climate
change because the Earth’s atmosphere
is warmer, moister, and more active
today than in the recent past

As a result, storms are becoming
more extreme both in and outside of the
tropics and will cause greater damage

The location and extent of the
additional damage is difficult to predict,
as experts and their studies differ in their
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hether or not specific
events can be identified
as “caused” by climate
change, all weather is now
affected by a global climate
system that is warmer, more
active, and wetter (Trenberth, 2012).
As a result, it is evident that storms
are generally becoming more extreme,
particularly in terms of wind speeds
and quantity of rainfall. Moreover, there
is a pole-ward shift to the north and
south of cyclone storm tracks, as parts
of the world adjacent to the tropics are
experiencing more “tropical” weather.
Where vulnerabilities to more severe
storms are accentuated by environmental
and income-related factors—such as for
high-risk urban slums in low-lying coastal
areas—the dangers of these changes are
much higher (IPCC, 2012a). Corresponding
measures will need to offset the additional
risk by reducing community vulnerabilities
and, where possible, limiting exposure, to
storm hazards (UNISDR, 2009 and 2011).
Increased emergency assistance should
also be foreseen in the coming years and
decades.

CLIMATE MECHANISM

Climate change increases air and
sea temperatures, boosting the
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level of moisture in the atmosphere;
this leads to acceleration of the
planet’s hydrological system, heavier
precipitation, higher maximum winds
and a general tendency to more extreme
weather (IPCC, 2007). These hallmarks
have been recognized in storms,
including cyclones (IPCC, 2012a).
Whether or not there has been a change
in the frequency or overall number of
cyclones in recent years can side-track
the focus on other important factors,
such as wind speed changes (Knutson
etal. in Chan et al. (eds.), 2010). Simply
counting the change in the number of
cyclones often leads to the conclusion
that there is less cyclone activity, since
there is generally understood to be a
slight increase in the most extreme
cyclones, such as categories 3 to 5,
but an overall decrease in the total
number of cyclones since the reduction
in less severe storms is expected to

be greater (Knutson et al., 2010). Itis
not surprising that an increase in the
most extreme cyclones, as measured
on the well-known Saffir-Simpson scale
results in fewer cyclones overall, since
the scale itself is static, measures
overall power, and is a rough proxy for
the size of storms (Dolan and David,
1992; Irish et al., 2008). Larger more
powerful storms absorb and dissipate
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considerably more energy than smaller
ones, whose declining numbers have
been attributed to an overall decline in
cyclone frequency in recent times (IPCC,
2012a). Nor is the ultimate number of
storms as important as the intensity or
size of those storms: in the US, 85%

of all cyclone damage is caused by

the most extreme storms (Rudeva and
Gulev, 2007; Pielke et al., 2008). A
large share of the damage caused by
cyclones is the result of storm surge, or
inundations from rainfall, high winds,
and freak waves caused by major
storms, which have been worsened by
heavier rainfall and sea-level rise, both
of which are fuelled by climate change
(Dasgupta et al., 2009).

IMPACTS

The impact of climate change on both
tropical cyclones and major storms
outside of the tropics (extra-tropical
cyclones) is estimated to already cost
15 billion dollars and to be responsible
for an average of almost 2,500

deaths each year, with around 1.5
million people affected and in need of
emergency assistance.

In global terms, the number of countries
experiencing extreme effects is limited,
particularly since the great majority
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of losses relate to tropical cyclones,
which are a serious concern for only 30
to 40 countries in the world’s cyclone
belts. A dozen countries in Asia, Africa,
the Pacific, and the Caribbean are
estimated to suffer Acute or Severe
vulnerability to climate change-
aggravated storm effects. The countries
most vulnerable cut across the socio-
economic spectrum from Japan to major
emerging economies, such as China,
least developed countries such as
Madagascar, or small island developing
states, such as Haiti.

Bangladesh is currently estimated

to suffer the greatest human impact

of these effects, with over 1,000
additional casualties due to climate
change on an averaged yearly basis—
major storms do not occur annually, but
once in every 5 to 20 years. Myanmar
and India are estimated to suffer

the next greatest share of additional
casualties. In overall economic terms,
China, Japan, the US, North Korea, and
South Korea experience the greatest
estimated losses, incurring between 2
and 5 billion dollars a year in damages.
A number of small island countries,
such as Antigua and Barbuda,
Dominica, Grenada, and Vanuatu are
identified as experiencing the most
severe economic and human loss
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relative to size. Several countries located
on the Central American isthmus, such
as Belize, El Salvador, and Honduras are
exposed to tropical cyclones originating
in both the Caribbean/Atlantic and
Pacific Oceans, and are estimated to
suffer extreme effects.

THE BROADER CONTEXT

As with other weather-related disasters,
two key trends provide the context for
the changes in extreme weather hazards
which researchers increasingly attribute
to climate change: 1) reductions in
vulnerability due to continued economic
growth especially in developing
countries; and 2) an increase in the
number of people and the amount

of infrastructure exposed to extreme
weather, due to the combined effects
of population growth, urbanization,

and economic development (UNISDR,
2011; Peduzzi et al., 2012). Correcting
for these developments and other
inconsistencies, evolution in reporting
systems and biases in the statistical
record have led to mixed interpretations
of whether the scale of impacts due

to climate change are increasing or
decreasing (Mendelsohn et al., 2011;
Pielke et al., 2008). The insurance
industry has been registering greater

© ©O

COUNTRY 2010 2030 2010 2030
ACUTE

Antigua and Barbuda 3020
Bangladesh 1750 2500 150 1250
Belize 30250
Dominica 15 150
DominicanRepublic 10 10 200 1750
El Salvador %50 1750
Grenada 2% 200
Haiti I 2% 200
Honduras 1 1200 1500
Jamaica 1100 800
Madagascar 50 100 40 250
Myanmar 500 600 12
Nicaragua 1 1 50 350
North Korea 550 5750
Tonga 1

Vanuatu 5 10 -1
Mauritius 1 1 %150
Saint Lucia 12
Samoa 1 -1
Bahamas 1

China 1 -5 4750 50,000
Cuba 1 1100 850
Japan 40 20 4000 10000
Marshall Islands

Micronesia

Mozambique 2% 1 15
Oman 75 550
Pakistan 5 5250 2250
Palau

and greater losses from weather-related
catastrophes, including storms, over
the past several years (Swiss Re, 2010,
2011, and 2012).

VULNERABILITIES AND WIDER
OUTCOMES

Particularly noteworthy in terms of
environmental vulnerabilities to storms
are low-lying coastal communities which
will bear the brunt of the increasing
effects of climate change on heavy
rainfall, wave height, and storm surge
during cyclones (Flissel in Edenhofer et al.
(eds.), 2012). Significantly altering the risk
profile of countries are existing protection
levels and capacities embodied in
infrastructure, early warning systems,
social and community response, support
networks and levels of awareness about
disasters. Likewise, government capacity
to manage risks, as well as land use and
environmental planning and protection
can all affect the level of vulnerability,
e.g., inappropriate urbanization or the
clearing of coastal mangrove forests,
which otherwise provide protection
against winds and storm surges
(UNISDR, 2009 and 2011; IPCC, 2012a).
Migration patterns are fuelling rapid and
inappropriate urbanization, leading to

0 o

2010 2030 COUNTRY 2010 2030
Solomon Islands 1 1
100 850 | South Korea 1
400,000 600,000 © Yemen
550 100
90 100 | Albania
20000 20,000 | Aigeria
5 15 Argentina
-3 60 | Armenia
5750 8500 | Australia 1 1
20 350 | Austria
1,000 2500 | Azerbaijan
150,000 300,000 | Belarus
10000 15000 | Belgium
250 550 | Bolivia
2,250 -950 | Bosnia and Herzegovina
-3750 20000 | Botswana
1250 15000 | Bulgaria
Canada
500 400 | chile
13 10 Costa Rica
150 5150 | croatia
Cyprus
400 430 Czech Republic
100,000 -250.000 | penmark
15,000 200000 | pjibouti
10,000 -30,000 © Ecuador
55 55[] Egypt
1 % | Estonia
150,000 200,000 | Finland
France 1
4,500 8750 | Georgia
200 450 | Germany

growing settlements in high-risk coastal
flood zones, which themselves are seeing
a depletion in natural protection, as

from the destruction of mangrove forests
(Donner and Rodriguez, 2008; Fussel in
Edenhofer et al. (eds.), 2012).

Where insurance coverage is low, the
ability of affected communities to
rebound from disasters is greatly inhibited
(Dodman and Satterthwaite, 2008). This
is especially a concern among developing
and lower-income countries, such as
small island developing states, where

the scale of impact can also generate
important setbacks for development
(Pelling and Uitto, 2001).

RESPONGES

Numerous preventive measures can

be taken to reduce key vulnerabilities
and minimize naturally increasing
exposures to disaster. Possible efforts
include education and communication
programmes, promotion of community
volunteer emergency organizations,
supporting governments to develop and
implement action plans to manage risks
through sensible municipal planning,
constructing protective infrastructure,
reinforcing environmental protection to
limit risk-multiplication, and promoting
access to insurance products. Better

(3] (1)

2010 2030 2010 2030 COUNTRY
8500 20000 | Greece
600 4750 -2 200 | Guyana
25 200 Hungary
Iceland
India
1 Iran
1 10 Ireland
Israel
1 1 100000 150000 © italy
5 10 1 | Jordan
Kazakhstan
Kuwait
1 10 1 1 | Kyrgyzstan
Latvia
Lebanon
Lithuania
Luxembourg
1 5 Macedonia
1 10 Malawi
[ 950 1250 | Malta
Mexico
Moldova
1 5 550 1,000 | Mongolia
5 15 10 20 | Namibia
Netherlands
Norway
Panama
1 1 Paraguay
1 Peru
40 95 3,250 6,000 © Philippines
1 Poland
100 350 25 50 | Qatar

THE INDICATOR

Although the increasing severity
of weather including tropical
and extra-tropical cyclones is
well established, the indicator
is considered speculative
because there is considerable
disagreement among the models
predicting change in cyclone
intensity for different regions

of the world. With the exception
of the North Atlantic, where
evidence of an increase in
extreme weather is strongest,
predictions of changes in
cyclone activity in the Indian
and Pacific oceans differ widely
(Mendelsohn et al., 2011;

IPCC, 2012a).

management of urbanization and
urban-rural migration flows would also
help lower risks for coastal mega-cities
(de Sherbinin et al., 2007). Progress

in human development and poverty
reduction will inevitably enhance
capacities to withstand serious storms
and limit the damage to the highest risk
groups, requiring integrated strategies
regarding climate change, disaster risk,
and development strategies (Schipper
and Pelling, 20006).

© ©O 0

2010 2030 2010 2030 010 2030
1 9
1
1
150 150 550 4250 300,000 350,000
20 1750
1 1
11
1 9
1
I
11 400 10
1 9
1 250 500
1 1
1
10 15 150 1250 70,000 85000
1 9
1 9 90 200
1 9
% 30
110
4 60 15 100 200000 250000
11 1 1
110

Q Additional mortality due to climate change - yearly average e Additional economic costs due to climate change (million USD PPP) - yearly average
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Vulnerability measure:
_comparative mortality
~ Tasasharg of population
(national) and losses as

a share of GDP in USD
(national) with same full
weighting to both

© ©O

COUNTRY 2010 2030 2010 2030

Romania 1 1
Saint Vincent 1 5
Seychelles 1
Slovakia 1 5
Slovenia 1 5
Somalia 1
South Africa 5 0
Sri Lanka 5 3
Swaziland

Sweden 5 10
Switzerland 9 15
Syria

Tajikistan 1 15
Tanzania 15 90
Tunisia

Turkey

Turkmenistan

Ukraine 1 5
United Kingdom 2 60
United States 1 12500 8250
Uruguay 1
Uzbekistan

Venezuela 1
Vietnam 0 1 5 b
Zimbabwe 1

LOW

Afghanistan

Angola

Bahrain 5 3%

Barbados 1

Benin

Bhutan

2010

150

95
4750

15,000
6,500

90

(1]

2030

150

15
100

150
6,500

15,000
15,000

250

@Limited @ Partial

© ©O

2010 2030 2010 2030

(1]

COUNTRY 2010 2030

Brazil

Brunei

Burkina Faso

Burundi

Cambodia

Cameroon

Cape Verde

Central African Republic
Chad

Colombia

Comoros

Congo

Cote d'lvoire

DR Congo

Equatorial Guinea
Eritrea

Ethiopia

Fili 1 10 -0
Gabon

Gambia

Ghana

Guatemala 1 10 150 250

Guinea

5250 -2.000

Guinea-Bissau

Indonesia -0 -400
Iraq

Kenya -1
Kiribati

Laos 1 1 ]
Lesotho

Liberia

Libya

510 8750

Considerable

(3]

COUNTRY 2010 2030 2010 2030
Malaysia 10
Maldives -1 5 15
Mali

Mauritania

(1]

010 2030

Morocco

Nepal

New Zealand A b 150 150
Niger

Nigeria

Papua New Guinea

Portugal

Russia 1 110 -150 -300
Rwanda

Sao Tome and Principe

Saudi Arabia 30 -250

Senegal

Sierra Leone

Singapore

Spain 1 -0

Sudan/South Sudan

Suriname

Thailand 4 % 150 650
Timor-Leste

Togo 1A

Trinidad and Tobago -1 -250
Tuvalu

Uganda

United Arab Emirates 10 8

Zambia

-1.250

0 Additional persons affected/in need of emergency assistance due to climate change - yearly average
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Global impact of climate change
on wildfires may have a neutral effect
as a warmer planet brings more rain,
dampening fires

Shifts in wildfire may occur where
forested areas become drier and hotter,
severely affecting populated parts of
Russia, Mongolia, or Australia

The marginal effect of climate change
is difficult to predict because of wind
and rain uncertainties and because
good international data monitoring fire
damages is lacking

Wildfire occurrence has links to
now more prevalent heat extremes and
drought which increase the probability
of fires

.RUSSIA.

.MONGOLIA.

» NICARAGUA .

o SOUTH AFRICA
1 CANADA 1

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

0 @ = Deaths per 100 million
.

$ = Losses per 10 million USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



ildfires—the uncontrolled
burning of forests,
grasslands or brush—will
generally become more
frequent and damaging
for drought-prone parts of
the world. But it is certain that climate
change will reduce disturbances from
wildfires in some areas where rainfall
is significantly increasing. The 2010
wildfires in Russia, as well as the
recent fires in Australia, Greece, and
the US, are clearly linked to warm, dry
temperatures, if not drought (UNISDR,
2011). However, the additional losses
incurred by those worst affected are
likely to be offset on a global scale by
a reduction in wildfire activity in other
parts of the world. It is expected that
Vietnam may see increased rainfall in
some seasons, but declining rain and
rising heat during the dry periods would
favour wildfire onset, even if more rain
overall falls in a given year (Vietnam
MONRE, 2010). Tackling an additional
burden of wildfire in affected areas
will be great, since suppressing fires is
costly: the US Forest Service spent 1
billion dollars on fire suppression in the
year 2000 alone, with costs growing
significantly over time—2.5 million
dollars in losses were reported for that
year. But expenditures were undoubtedly

2009 180 2003
2007 70 2005
2010 61 2010
2008 49 2007
2010 44 2003

warranted in most cases, since wildfires
can be extremely deadly: in February
2009, one series of fires alone in
Australia killed 180 people (WFLC,
2004; CRED/EM-DAT, 2012).

CLIMATE MECHANISM

Wildfires are affected by three key
factors: 1) availability of vegetation to
burn; 2) environmental conditions, such
as temperature, wind, and humidity

or rainfall but also topography and
ecosystem type—tropical forests for
example are more humid and burn less
than temperate forests; and 3) varying
ignition sources of fires (Krawchuk et
al., 2009). Climate change affects all of
these elements: it influences vegetation
growth and health along with the
expanse of different ecosystem areas
(Gonzalez et al., 2010). In regions with
less rain and more heat, the declining
vegetation will offer less available
material for burning and will ultimately
reduce disturbances from wildfires.
Heat is increasing relatively uniformly

around the world due to climate change.

Less predictable rainfall and vegetation
changes add considerable uncertainty
to whether or not fires ultimately
retreat or advance with global warming.
Climate change has also been shown

° SURGE
il

3,500

2,050

1,800
1,750
1,730

to potentially alter electrical activity in
the atmosphere, giving rise to lightning,
the principal initial trigger of wildfires
(Reeve and Toumi, 1999).

IMPACTS

Drawing on recent research, the Monitor
estimates the global impact of climate
change on wildfire to be close to zero

in 2010 and in 2030 (Krawchuk et al.,
2009). Estimates of impact include
around 3 million dollars of additional
losses a year in 2010, and some 15
million dollars of additional losses in
2030. “Gains” of 25 and 150 million
dollars a year in 2010 and 2030,
respectively, outweigh considerably any
losses incurred elsewhere in the world,
but overall totals are small. “Gains”
represent avoided wildfires that would

have taken place without climate change.

The largest negative effects in absolute
terms are estimated to occur in
Russia, Mongolia, Canada, Australia,
and South Africa, while the US and
Indonesia are expected to reap the
most benefits overall. Within large
countries like the US, it is possible
that increased fire activity may well be
experienced in certain areas but will
be counterbalanced with decreased
activity in other parts of the country.

ENVIRONMENTAL DISASTERS 1121

In general, wildfires mainly concern
industrialized or developed countries.

THE BROADER CONTEAT

There has been a considerable increase
in wildfire damage recorded in recent
years (CRED/EM-DAT, 2012). However,
improvements in the actual reporting
systems themselves—advances in
technology and information sharing—
have allowed the reporting of increasing
numbers of phenomena (UNISDR,
2009). However, satellite analysis has
shown that the annual burned area has
grown since the 1970s (UNEP, 2002).
Several other factors, such as land
usage change, could be contributing to
increasing fire damage. As with other
weather-related disasters, growing
exposure to wildfires through economic
development, population growth, and
an expansion in infrastructure at risk
should also increase damages.

VULNERABILITIES AND WIDER
OUTCOMES

Countries with large areas of non-
tropical vegetation and a propensity
to drought are particularly vulnerable
to the effects of climate change

Q VULNERABILITY SHIFT

2030 WA 7

ACUTE

2010 WA 2

2030 ¥ 5

SEVERE

2010 Wi 5

2030 4

HIGH
2010

2030
MODERATE
2010

2030
Low
2010

0 INDICATOR INFORMATION

M[]I]EI. Krawchuk et al., 2009
EM|SS|[|N SEENAR'U SRES A2 (IPCC, 2000)
BASE []ATA CRED EM-DAT, 2012
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on wildfires. Coniferous forests are
especially risky areas for fire outbreak
during extended warm, dry periods (Cruz
and Alexander, 2010).

The full extent of increased wildfires

is difficult to estimate, but given the
incredible potential for the rapid and
uncontrolled spread of fires, growing
fire dangers in some parts of the world
could carry serious risks for public
safety. The 2010 Russian wildfires, for
example, burned some 4,000 hectares
of land— contaminated, moreover, by
radioactive material from the Chernobyl
disaster—the full consequences of
which are not yet known; the fires

also threatened functioning nuclear
power plants and research facilities
(Munich Re, 2010).

RESPONGES

Responding to wildfires is extremely costly
requires highly sophisticated technology.
Some early detection and warning
systems are capable of identifying a fire
within 5 minutes of its ignition (Bridge,
2010). Thus, such systems represent an
investment that could significantly reduce
overall expenditures on suppressing fires
that would otherwise end up destroying
thousands or millions of hectares. Fire
safety and education programmes may

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY
ACUTE Costa Rica
Australia 0.25 050 | Afghanistan Cote d'lvoire
Guinea-Bissau Albania Croatia
Israel Algeria Cuba
Mongolia 1 15§ Angola Cyprus
Mozambique Antigua and Barbuda Czech Republic
Nepal Armenia Denmark
South Africa 0.25 | |Austria Djibouti
Azerbaijan Dominica
Nicaragua 0.25 1 Bahalﬁas Dominican Republic
Paraguay Bahrain Ecuador
Poland Bangladesh Egypt
. Barbados El Salvador
Russia 5 40
Bel i i
Slovakia el a.rus Equatorial Guinea
Belgium Eritrea
) Belize Estonia
Argentina i
Benin Ethiopia
Greece .
Vexi Bolivia Fiji
exico Bosnia and Herzegovina Finland
Swaziland
Botswana France
Brunei Gabon
Bhutan Bulgaria -0.25 -1} Gambia
Brazil Burkina Faso Georgia
Canada 050 U | gurundi Germany
Central African Republic Cambodia Ghana
Chile Cameroon Grenada
DR Congo Cape Verde Guatemala
Lebanon Chad Guinea
Philippines China Guyana
South Korea Colombia Haiti
Sudan/South Sudan Comoros Honduras
Turkey Congo Hungary

reduce the potential for fires set by human
hands by up to 80% (UNEP, 2002).

Of course, as is well known, not all
wildfires are bad. Natural habitats have
evolved to cope with wildfires over time
and to support biodiversity and processes
of regeneration (Parker et al., 2006).
Therefore, many countries also practice
what is called “prescribed burning,”

o

effectively a “let-burn” policy, in which
human settlements are not endangered.
But while such practices may lower

fire prevention costs and help support
ecosystems, if fires subsequently reach

a large-scale and deviate to threaten
settlements, the costs of fire suppression
can rapidly and counter-productively
escalate (UNEP, 2002).

(3]

THE INDICATOR

The indicator relies on a high-
resolution global pyrogeography
model for the effect of climate
change on fire disturbances, used
to estimate impact for populated
areas (Krawchuk et al., 2009).
Limitations relate to uncertain
future rainfall and the restricted
socio-economic base data set,
which may underestimate costs
(CRED/EM-DAT, 2012). Regarding
base data, the major wildfires
that affected Russia in 2010

are recorded in the reference
database at 1.8 billion dollars in
losses and 61 deaths. The major
reinsurer, Munich Re, on the
other hand estimates the total
cost of the fires at 3.3 billion
dollars and over 50,000 indirect
deaths from both extreme heat
and the significantly higher than
normal air particle loads and their
effect on chronic respiratory and
cardiovascular disease sufferers
(Munich Re, 2010). Historical base
data would also give a misleading
trend if fires spread to areas where
damage in the past was unusual,
underestimating future losses.

(3]

2010 2030

9 Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERABILITY

Moderate @ Low

@Acute @Severe  OHigh

=
P>

b

)

Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)

CLIMATE UNCERTAINTY

COUNTRY 2010 2030 COUNTRY 010 2030 COUNTRY 2010 2030
Iceland Micronesia Somalia
India Moldova Spain 025 -1
Indonesia 20 -150 § Morocco SriLanka
Iran Myanmar Suriname
Iraq Namibia Sweden
Ireland Netherlands Switzerland
Italy -1 -1 || New Zealand )
Jamaica Niger Syr|a‘
- Tajikistan
Japan Nigeria )
Jordan North Korea Tanzania
Kazakhstan Norway Thailand
Kenya Oman Timor-Leste
Kiribati Pakistan Togo
Kuwait Palau Tonga
Kyrgyzstan Panama Trinidad and Tobago
Laos Papua New Guinea Tunisia
Latvia Peru Turkmenistan
Lesotho Portugal 0.5 1 0 Tuval
Liberia Qatar Uganda
Libya Romania Ukraine
Lithuania Rwanda United Arab Emirates
Luxembourg Saint Lucia United Kingdom
Macedonia Saint Vincent United States 5 15
Madagascar Samoa
Malawi Sao Tome and Principe Uruguay
Malaysia 0.5 -1 || Saudi Arabia Uzbeldstan
Maldives Senegal Vanuaty
Mali Seychelles Venezuela
Malta Sierra Leone Vietnam
Marshall Islands Singapore Yemen
Mauritania Slovenia Zambia
Mauritius Solomon Islands Zimbabwe
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Richness of life in the world’s
ecosystems is currently in full decline as
human activities from toxic pollution to
deforestation and destruction of natural
habitats for agricultural land persist

Climate change forces biological
zones to face weather conditions that are
unsuitable for their plant, animal, insect,
and other species, hastening decline

and extinction

Biodiversity loss has significant
market value and on a large scale will
slow the world’s economic growth

Limiting non-climate dangers to
biodiversity, such as deforestation, will
be the basis of an effective response to
the impact of climate change

25,000 USA 45,000

4,250 c H I NA 45,000
3,500 BRAZII- 30,000

3250 IRAN 25,000
3,250 RUSSIA 25,000

@ seopuumoa vonersBLTY

0 - Losses per 10,000 USD of GDP @ © - ilions of USD (2010 PPP non-discounted)

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP



he international definition

of biodiversity is “variability

among living organisms”

(CBD, 1992). Biodiversity has

both market and non-market

value—such as aesthetic and
other non-traded values—principally
through the integral role of biodiversity
in sustaining ecosystems (Boyd and
Banzhaf, 2007). The agricultural sector
is particularly dependent on ecosystem
services, such as water, pollination,
and pest control. If removed, they
will incur predictable market-based
costs, since compensating measures
must be taken at market cost. Experts
have estimated that a 30% species
loss can generate some 10% of lost
plant production affecting agricultural
outputs (Hooper et al., 2012). Global
biodiversity loss has become not only a
conservation issue, but a large-scale and
serious macroeconomic problem. UNEP
estimates current global environmental
damages at over 6 trillion dollars
(Garfunkel ed., 2010). As one of the
costliest impacts of climate change
assessed here, losses can only worsen
unless comprehensive solutions are
found (IPCC, 2007; Bellard et al., 2012).

CLIMATE MECHANISM

The world’s main biological zones, or
biomes, from tropical woodlands, to
grass steppes, and temperate deciduous
forests, have taken thousands of

years to establish rich habitats for an
unimaginable variety of natural species.
These zones are distinguished one

from another by precise climate and
geographical characteristics (Sala et al.,
2000). The planet is warming at rates
faster than in much of the Earth’s recent
past and the growing human presence
in the environment limits the scope for
biomes and their inhabitants to shift to
new areas or adapt to changing climates
(IPCC, 2007; Pereira et al., 2010).

Some species will become invasive,
establishing themselves in new areas
where others are in decline (Vila et al. in
Canadell et al. (eds.), 2007; Hellmann
etal., 2008). As climates become
unsuitable, endemic species of all kinds
which have evolved to thrive in a specific
habitat will be locked into declining
biological zones with reduced geographic
range. As that area shrinks, species
decline at a predictable rate, reducing
biodiversity (Thomas et al., 2004).
Climate change could conceivably also
bring some biodiversity benefits in
isolated cases, but on a global scale

° SURGE

the impacts are clearly understood

by experts to be negative (Bellard et
al., 2012). Valuing the market worth

of ecosystems and their so-called
“services” is difficult, not least since it
involves putting a price tag on ecological
life (Farber et al., 2002). Butin a
surrogate market—in which consumers
would be charged for the benefits many
now enjoy without cost—around half

of the losses estimated here might be
considered to have value (Sutton and
Constanza, 2002; Curtis, 2004).

IMPACTS

The scale of the estimated impact on
biodiversity from climate change are
substantial: around 80 billion dollars a
year at present. By 2030, that estimate
will nearly double as a share of global
GDP, approaching 400 billion dollars a
year in losses.

Although the impact is estimated

to affect developing countries more
severely, biodiversity loss will occur

in virtually every region, since the
world’s entire climate is in rapid shift.
However, lower-income countries are
more dependent on ecosystem services,
increasing the damage potential

for populations lower on the socio-
economic scale.

HABITAT CHANGE 1127

Large countries incur the most damages,
especially the US, China, Brazil, Iran, and
Russia. The US is estimated to incur one
quarter of all losses today, at over 20
billion US dollars a year. Impacts are most
severe as a share of GDP for countries in
Africa and Central Asia, many of which
could experience losses equivalent to
more than 1% of GDP by 2030.

THE BROADER CONTEXT

The long-term decline of biodiversity

is well established and continues as

a clear trend. For example, since the
1970s, the fall in the abundance of
vertebrate species has been almost
one third. The World Conservation
Union’s (IUCN) “Red List” of endangered
species reveals some 20,000 species
of animals and plants at high risk for
extinction. Decline of natural habitats
due to human activities is also a
continuing trend around the world,
although destruction of tropical forests
and mangroves has shown signs of
slowing in some areas (SCBD, 2010).
Deforestation is still a major global
concern and threatens biodiversity
(Busch et al., 2011). High demand for
food and biofuels, driven by population
and economic growth is an important
driver of land change and degradation
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and deforestation (Gisladottir and
Stocking, 2005).

VULNERABILITIES AND WIDER
OUTCOMES

Assessments of the IUCN Red List

show that the destruction of habitat by
converting wild areas and forests into
agricultural land are among the most
significant contributors to biodiversity
loss (Stuart et al., 2004; Brook et al.,
2008). Unsustainable extraction of water
resources further affects inland water-
based ecosystems, especially those
designed to meet the growing demand
for water in the agricultural sector
(Brinson and Malvarez, 2002). Agricultural
and industrial pollutants are a further
important source of stress (SCBD, 2010).
The biomes most at risk due to climate
change include scrubland, temperate
deciduous forest, warm mixed forest,
temperate mixed forest, and savannah
(Thomas et al., 2004). Countries with
high concentrations of these biomes
have high vulnerability to biodiversity

loss from climate change, even if current
environmental conservation is sound.
Lower-income countries, and those whose
indigenous populations depend more
heavily on ecosystems and wild areas,

o

COUNTRY 2010 2030
ACUTE

Afghanistan B0 650
Angola 400 2.500
Argentina 3,000 20,000
Belarus 100 4,250
Belize 15 100
Bhutan 45 350
Bolivia 500 4,000
Botswana 150 750
Burkina Faso 80 400
Central African Republic 320
Chad 00 1250
Chile 800 6,250
Congo 80 500
Djibouti 10 15
DR Congo 5 350
Equatorial Guinea 60 400
Eritrea 0100
Estonia 85 400
Gabon 100 650
Georgia 55 350
Guinea 3020
Guinea-Bissau 5 40
Guyana 65 300
Iran 3,250 25,000
Kazakhstan 950 5,000
Kyrgyzstan 90 600
Latvia 150 700
Lithuania 200 1250
Macedonia 65 450
Mali 100 780
Mauritania 0 450

such as native forest, for their livelihood,
are also highly vulnerable (Munasinghe,
1993; Salick and Byg, 2007).

Countries like Brazil that are already
suffering large-scale biodiversity losses
from forest destruction will increasingly

experience double pressures from climate

change (Miles et al., 2004). Biodiversity
loss from climate change will slow the
progress of human development in the
worst-affected developing countries
and will cause tangible economic losses
worldwide by reducing ecosystem
services (Roe and Elliot, 2004).

RESPONSES

Biodiversity loss due to climate change
can be offset through measures that
reduce other major biodiversity threats.
Where those threats are already
minimized, boosting conservation
efforts, creating nature preserves, and
reversing the fragmentation of habitats

through the establishment of biodiversity
corridors may help stem losses (Tabarelli

et al., 2010). The principal response
areas include promoting protection and
sustainable management of forests,
rationalizing and enhancing efficiencies
in water usage, and managing toxic
pollutants from industrial waste,
agricultural fertilizers, and pesticides

o

2010 2030 COUNTRY
Mongolia
10,000 20,000 § Mozambique
-60,000 100,000 § Namibia
-35,000  -70,000 Nicaragua
550 1,250 | Niger
-450 -850 | oman
-250 450 | Papua New Guinea
-35.000 65,000 | paraguay
1500 -3.000 f peru
4500 -9.250 | senegal
-5,500 10,000 Solomon Islands
20,000 -40,000 § somalia
15,000 -30.000 § south Africa
-400 150 | sudan/South Sudan
950 1,250 | suriname
20,000 -45.000 | Tajikistan
-400 -850 | Timor-Leste
2050 5750 | Turkmenistan
-150 -300 J uruguay
-4.000  -8,000 § vemen
2050 5,500 § zambia
4250 -8.500 N zZimbabwe
600 1,250
3,900 7,250 | Aibania
-10,000 -20,000 | Armenia
5,150 10,000 | Azerbaijan
1,250 2,500 | Bosnia and Herzegovina
600 1,250 | Brazil
-200 -400 |} Bulgaria
2000 -4,000 | cameroon
20,000 -40,000 § colombia
15,000 -35.000 | croatia

(Tilman et al., 2002). Interventions
aimed at controlling invasive species,
which can accelerate local biodiversity
losses among endemic species,

have shown to be effective and can
complement other efforts (Veitch and
Clout (eds.), 2004).

For many of the worst-affected
communities in lower-income countries,
capacity to implement such measures
will be a major hurdle and international
support will be vital. As with other
systemic challenges, mainstreaming
biodiversity considerations into decision
making at different levels will be crucial
to more effective solutions (Cowling et
al., 2008). Social support should also be
foreseen for indigenous groups and other
communities which are heavily reliant on
the fastest declining ecosystems (Salick
and Byg, 2007).

Promising trends are visible in the global
fight against biodiversity loss: protected
and sustainable forest areas continue to
grow incrementally and biodiversity aid
has increased significantly in the past
five years (SCBD, 2010). But the need

is far greater than the response to date
and most forms of biodiversity loss are
irreversible (IPCC, 2002; Thomas et al.,
2004). As climate change accelerates
the decline, the urgency to respond
effectively has never been greater.

(3] o

2010 2030 2010 2030 COUNTRY
150 1500 -3,000 -6.250 f cyprus
80 550 -35,000 -70,000 | Ecuador
100 600 -2,250 -4,250 | Ethiopia
40 300 1500 2750 | Kenya
5 350 -20,000 -40,000 § Laos
0 1750 -2000 -3750 | Lesotho
85 500 1250 -2.500 | Liberia
100 900 10,000 -25,000 | Madagascar
800 6,250 -4000 8,250 | Mexico
75 500 -3250 -6,500 § Morocco
10 80 -15 -150 || Panama
85 550 15,000 -30,000 | Romania

1750 10,000 -5250 10,000 | Russia
300 2,000 -45,000 -90,000 § Slovakia
30 150 2750 -5500 | Swaziland
45 300 -450 -850 | syria
10 85 -1,500 3,250 || Tanzania
350 2,000 -8,000 15,000 F Tunisia
0 1,250 -400 800§ Turkey
150 1250 3250  -6.500 | ukraine
B5 400 -85,000 -150,000 § uzbekistan
7 500 9500 -20,000 K venezuela
0 250 -50 100 Algeria
W0 00 -1.500 | Australia
0 1250 -2000 4000 | Austia
0 500 1500 -3.000 | Benin

3,500 30,000 -200,000 -450,000 © Brunei
%0 1500 -5250 10,000 | cambodia
85 550 2250 -4.250 | canada
650 4750 -5500 -10,000 | cCostaRica
150 1,250 -1 -5 | CotedIvoire

THE INDICATOR

The indicator measures the
proportion of species doomed
to future extinction in different
biomes around the world on
account of the contraction of
geographical climate-determined
range size and future biome
distribution due to climate
change (Thomas et al., 2004).
The exact time lag between
threatened extinctions and their
full realization varies and is

not fully understood, although
estimates exist (Brooks et

al., 1999). Since the process

of biodiversity loss due to
climate change is continuous,
in reality only a proportion of
the estimated losses would be
incurred at a date later than
indicated. The indicator pairs
biodiversity loss information
and vegetation change with
estimations of the lost economic
value to determine a scale of
economic losses in affected
economies and the world (Mace
et al. in Hassan et al. (eds.),
2005; US Forest Service, 2010;
Costanza et al., 1997).

(3] o

2010 2030 2010 2030
3100 -5 -100
150 1250 2750  -5.250
150 1,000 -25,000 -55,000
100 700 -850 -2,000
0300 1250 2,500

v 4 25 -0
120 1760 -3.780

40 20 1000 -2.250
2,500 20,000 -50.000 100,000
300 2,000 -10,000 -20,000
T 50 170 -3.500
350 2,500 -200 -350
3,200 25,000 70,000 -150,000
00 1,250 450 -500
0 5% 45 -50
200 1500 1,250 -2.250
150 850 10,000 -20,000
10 1260 4000 1,750
19500 4750 4750 -850
00 470 800 -1.500
100 850 7,250 15,000
950 4,000 -25,000 -55,000
150 1,000 -55,000 -100,000
1,250 2,250 -50,000 -100,000
300 800 1000 2,000
20100 6,000 -10,000
0150 -100 -200

40 450 1500 -3.000
2,250 4,000 -60,000 -100,000
o300 00 1,500
40 20 3500 6,750

e Additional economic costs due to climate change (million USD PPP) - yearly average

e Contraction of biological zones due to climate change (km?) - yearly average
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CLIMATE VULNERABILITY

@Acute @ Severe

High

Moderate @ Low

Vulnerability measure:
comparative losses as
ashare of GDP in USD
(national)

COUNTRY
Cuba
Czech Republic
Denmark
Fiji
Finland
France
Gambia
Ghana
Greece
Honduras
Hungary
Iceland
Indonesia
Iraq
Ireland
Libya
Malawi
Malaysia
Moldova
Myanmar
Nepal
New Zealand
Nigeria
Norway
Pakistan
Poland
Portugal
Sierra Leone
Slovenia
Spain
Sweden
Thailand

2010
85
20
150

150

350

2030
650
1750
400
3
400
5,000
20
350
1,250
350
930
0
3,750
650
950

2010

-20.000

-5,230
-500
-2,000
-2.900
-3.100
-600
-600
-15,000
-3,200
-1.180

COUNTRY
Togo

Uganda
United States
Vanuatu

Bahamas
Bangladesh
Belgium
Burundi
China
Dominican Republic
Egypt

El Salvador
Germany
Guatemala
Haiti

India

Israel

Italy
Jamaica
Japan
Jordan
Lebanon
Luxembourg
Mauritius
Netherlands
North Korea
Philippines
Rwanda
Saudi Arabia
Singapore
South Korea

2010

9

2%
25,000
1

2030
30

200
45,000
)

35

2010
-450
-200

-25,000

-30

-500
-100
-850
-650

-60,000

-3.150

-25,000

-450
1,250
-1,250

-200

-15,000

150
-8.500
-400
4,500
-550

-15,000

19
-540

2030

K
-5
-50.0

50
00
00

-69

R

-2

-
1.2
-100.0
1.2
50,0
K
2.9
2.1
-4
-30.0
2
15,0
-
9.2
10
B!

1
1.0
-3.9

-6
1.2

200

1.0

50
50
30
50
00
50
00
50
00
50
00
00
50
00
30
50
00
50

00
00
00
o0
50
00

00

COUNTRY 2010 2030 2010 2030
Sri Lanka 30 20 1250 2,750
Switzerland 020 -300 -600
Trinidad and Tobago 5 45 -200 -350
United Arab Emirates 20 150 -500  -1,000
United Kingdom 1,000 3,000 1500 -3,000
Vietnam 0750 -150 -300
LOW

Antigua and Barbuda

Bahrain

Barbados

Cape Verde

Comoros

Dominica

Grenada

Kiribati

Kuwait

Maldives

Malta

Marshall Islands

Micronesia

Palau

Qatar

Saint Lucia

Saint Vincent

Samoa

Sao Tome and Principe

Seychelles

Tonga

Tuvalu
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DESERTIFICATION
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Desertification will worsen already dry
areas as heat rises and rainfall declines

Although global climate change
brings more rain, most of it will fall in
the far north and south, while rainfall in
the tropical zones, home to much of the
world’s drylands, is likely to decline as
heat rises

Millions of hectares of agricultural
land in these areas are experiencing an
increase in aridity, compounding other
degradation taking place

Climate change in the world’s drylands
will further impede human development
progress for some of the world’s poorest
groups

Sustainable land management
strategies can help prevent
desertification, but restoration of already
degraded lands is difficult and costly

. MEXICO ...

-~ UKRAINE ..

s0 AUSTRALIA 1500

200 RUSSIA 1,250
450 ITALY 1,250

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 100,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



esertification is degradation of
drylands. The UN has defined
“drylands” broadly as areas of
land with an aridity index—a
measure of rainfall versus
evaporation—below a certain
low-end threshold (UN, 2011). More
than half the planet’s productive land
is considered drylands. Covering
around 40% of the earth’s land
surface, drylands are home to some 2
billion people, nearly all in developing
countries, and are responsible
for more than 40% of global food
production (UNCCD, 2011). As climate
change intensifies heat and limits
rainfall in drylands, already rampant
land degradation in these areas will
worsen (Evans and Geerken, 2004;
Adeel et al., 2005; Zika and Erb,
2009). The UN and Christian Aid have
estimated that anywhere between
25 and 700 million people could
be displaced due to expected water
stress and environmental degradation,
including 50 million people affected
by desertification over the next decade
(Christian Aid, 2007; WWAP, 2009;
UNCCD, 2010). Such groups have been
campaigning for greater application of
sustainable land and water resource
management in order to combat this
alarming development.

CLIMATE MECHANISM

A range of socio-economic and
environmental processes are involved in
land degradation in dry areas, including
declining water availability, soil erosion
and nutrient depletion, among others
(Geist and Lambin, 2004). Climate
observations and models indicate that
many of the world’s dry regions are
becoming hotter and drier as global
warming intensifies (Hansen et al,
2007; McCluney et al., 2011). A loss in
net moisture or rainfall is a key factor
in the degradation of dry land (Evans
and Geerken, 2004). As a result, many
non-arid lands will become arid, while
affected arid lands will become even
drier. On the other hand, where there
are substantial increases in rainfall

on existing drylands, such zones will
improve and become more humid.
Overall, the changes will be negative,
since rainfall change is more likely to
degrade the world’s existing dryland,
especially in Africa (IPCC, 2007 and
2007b; Helm et al., 2010). Where lands
degrade, agricultural productivity and
livelihoods will be severely affected
(Fraser et al., 2011).

° SURGE

IMPACTS

The impact of climate change on
desertification is expected to be
widespread, affecting around 40
countries by 2030. The economic
impact of land degradation is estimated
at 5 billion dollars a year today,
increasing to some 20 billion dollars
annually and a larger share of global
GDP by 2030.

Climate change-driven desertification

is already estimated to affect some 5
million people worldwide, doubling to
10 million by 2030.

The range of worst affected countries is
varied, with West Africa particularly hard
hit. Countries such as Benin, Burkina
Faso, Gambia, Guinea-Bissau, Mali,
Niger, and Senegal top the list of those
suffering the most extreme effects. A
number of developed and industrialized
countries are also affected from
Australia to the Mediterranean, and
Black Sea countries such as Bosnia and
Herzegovina, Croatia, Russia and the
Ukraine.

The bulk of global costs will occur in
Organization for Economic Co-operation
and Development (OECD) countries,
including Italy, Spain and Turkey. However,
Mexico is the country with the greatest
total losses, reaching an estimated 5
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billion dollars a year by 2030.

Countries acutely vulnerable to climate
change include a large number of

least developed and landlocked
developing countries (LDCs and LLDCs),
a particular cause for concern from a
poverty/development perspective.

THE BROADER CONTEXT

Desertification itself is a serious global
concern. The Secretariat of the UN
Convention to Combat Desertification
has been sounding the alarm on highly
damaging changes underway in many of
the world’s drylands. They call attention,
for instance, to 12 million hectares,
including 75 billion tons of fertile soil,

a principal global resource, lost each
year as a result of desertification and
drought (UNCCD, 2010). The extent to
which climate change is rendering these
regions hotter and drier (or wetter)

will be its main, primarily negative,
contribution to an already large-scale
and multifaceted concern. Aside from
climate change, the most widely cited
causes of desertification include
land-use issues such as deforestation,
overcultivation, overgrazing, and
unsustainable irrigation practices
(Adeel et al, 2005). Natural variability
in weather regimes can also result in

Q VULNERABILITY SHIFT
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M[]I]EI. Hansen et al., 2007
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BASE []ATA FAOSTAT (land investments and gross crops
production); Hoekstra et al., 2010; Kindermann et al., 2006;
Portmann et al., 2010
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large-scale short-term fluctuations in
the primary productivity of drylands,
both positive and negative (Hughes and
Diaz, 2008).

Vulnerabilities and Wider Outcomes
Drylands exist around the world.

Where they have been well managed,
as in parts of southern Europe, they
are fertile and productive. Where
drylands are poorly managed, the
opposite situation can develop as

their susceptibility to degradation
increases (Oygard et al., 1999). Given
the overwhelming share of populated
dryland areas within developing
countries and LDCs or LLDCs, the capacity
to promote and regulate sound policies
can be an important factor in successful
management (Esikuri ed., 1999).

Poverty can be viewed as a driver of
desertification, when communities
become locked in a vicious cycle that
exacerbates deforestation for lack of
alternative livelihoods. It can also be
viewed as an outcome of desertification
when, for example, households suffer
losses of land, soil, or crop productivity
due to desertification. As productive
possibilities decline and populations in
dryland areas continue to grow, these
regions will likely expand as suppliers of
seasonal and/or permanent migration
(Johnson et al. (eds.), 2006). Poverty

0 o

and health indicators for populations
living in dryland areas are low,
compared to other climatic zones (Adeel
et al., 2005; Verstraete et al., 2009).

RESPONSES

Supporting dryland communities to adapt
will require offsetting the additional

heat and/or loss of rainfall brought

about by climate change. Degradation
prevention is preferable to costly
restoration projects that seek to return
vegetation and environmental integrity to
degraded lands, often with limited results
(Puigdefaabregas, 1998). Desertification
control measures have had little success

0 (3]

COUNTRY 2010 2030 2010 2030 2010 2030 COUNTRY 2010 2030
ACUTE Greece 100 350
Albania20 100 300 600 35000 80,000 Honduras n 71
Australia 500 1500 7000 15000 20000 45000 | itary 450 1,250
Benin 15 100 1500 3000 100,000 350000 | madagascar 0 45
Bosnia and HerzegovinaBd 450 1750 3250 100,000 250000 | Senegal 0 50
Burkina Faso 0 50 Tunisia 30200
Costa Rica 25 200 550 1250 50,000 150,000 N turkey 350 950
Cote d'Ivoire %

Croatia 100 800 2000 3750 150000 300000 | Afghanistan 5 30
Cuba 65 450 1250 2500 150,000 250,000 | Aigeria 45 350
Dominica 110 2 35 1,750 3750 | Antigua and Barbuda 1
Gambia 110 Bahrain 5 2%
Guinea 5 3 Bulgaria 0 80
Guinea-Bissau 1 5 Chile 40300
Liberia 1 5 Cyprus 5 10
Mali 5 45 Ecuador 0 150
Mexico 600 4,500 10,000 20,000 600,000 1500000 | France 400 1,250
New Zealand 150 500 2750 5750 45000 100000 | Ghana 0 6
Nicaragua 15 100 550 1000 25000 65000 © iraq 15100
Niger 503 Israel 2% 200
Panama 90 700 1500 3250 75000 200000 | Jamaica 1
Sierra Leone 110 Jordan 530
Timor-Leste 25 200 850 1250 50000 100000 | Lebanon 5 50
Togo 10 45 1250 2500 150,000 400,000 | Libya 15 100
Ukraine 450 2750 9,000 20,000 700,000 1000000 | Malta 1 5
Uruguay 0 150 400 800 7750 15000 | Morocco 30200
SEVERE Nigeria 60 350
Angola 25 150 1250 2500 20000 65000 | Pakistan 0400
Belize 1 5 N4 20 650 © Peru 55400
Cape Verde 1 5 50 100 6000 15000 © Portugal 9
Dominican Republic 30 200 650 1250 150,000 300,000 © Russia 200 1,250
Egypt 250 1250 2000 4000 150,000 400,000 | SaudiArabia 75 550

and have led experts to propose
developmental approaches that foster
technology uptake, investment, best
practice land management replication,
and boosting and diversifying incomes of
dryland populations to better cope with
change (Mortimore, 2003). Water capture,
conservation and storage, increasing
vegetation through reforestation,

and the control of deforestation, and
prevention of overgrazing and other soil-
damaging processes can all contribute

to enhanced resilience of drylands and
their communities (Adeel et al., 2005).
Improved monitoring of drylands would
also facilitate better macro policy analysis
and development (Reynolds et al., 2011).

® (1]

THE INDICATOR

The indicator measures the value
loss (or gain) in rapidly degraded
(or improving) dryland agricultural
zones resulting from an increase
(or decrease) in aridity, due to
temperature and rainfall changes
brought about through global
warming (Hansen et al., 2007).

It is broadly indicative of how
desertification is likely to unfold
as a result of climate change. The
amount of new agricultural lands
accruing from deforestation is also
accounted for. While projections
of the key variable of rainfall

are uncertain, there scientists
are virtually unanimous about
the direction of change (wet or
dry) for a number of the world’s
key dryland regions, such as the
Mediterranean basin.

0 o 0

2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 2010 2030
1500 2750 100,000 250,000 | Slovenia 0 75 100 250 10000 25,000
350 750 25000 65000 | spain 200 600 2750 5500 250,000 450,000
6,250 10,000 1,000,000 2,500,000 | Sudan/SouthSudan 20 150
1000 2000 35000 100,000 © syria 5 %
750 1500 50,000 150,000 © united Arab Emirates 30 200
450 950 30000 75,000
6,250 15000 600,000 1500000 | Bahamas 1 1 5 0 150
Bangladesh 5 20 150 300 150,000 400,000
500 1000 25000 80000 | Brazl 70 550 2250 4500 50000 100,000
Cameroon I
5 5 150 1750 | Central African Republic 1
Chad 1 5
15 350 10,000 20,000 © china 75 750 2000 4,000 300000 600,000
700 1500 15000 40000 | colombia 110 75 1500 3150
40 85 5000 10000 | congo 1 5
400 850 25000 60,000 | DRCongo 1 5
5250 10,000 600,000 1,500,000 | Equatorial Guinea 1 5
750 1500 75000 200000 | Gabon 1 5
Iran 12 3 10 1500 4000
Japan 40 100 500 950 150,000 300,000
65 150 15000 40000 | Mauritania 1 % 50 85 250
Namibia 1 15 % 3 9
Norway 1 1 10 20 150 350
Oman 1
15 30 20000 45000 © SaoTome and Principe
1250 2500 85000 200000 © united States 200 700 1750 3500 55000 150,000
4,250 8,500 750,000 2,000,000
1500 3250 350,000 1000000 § Argentina -250 -2000 -3750 -7500 -55,000 -150,000
1250 2250 25000 65000 | Armenia
450 900 55000 100,000 § Austria
3250 6250 25000 50,000 | Azerbaijan 1 5 -0 600 -1500
Barbados

e Additional economic costs due to climate change (million USD PPP) - yearly average

@Additional land degraded due to climate change (km?) - yearly average
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@Acute @Severe High ©Moderate @ Low

Vulnerability measure:
comparative losses as
ashare of GDP in USD

(national)

@Limited @ Partial  Considerable
s o ——

0 o 0 0 o (1) 0 o 0

COUNTRY 2010 2030 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 2010 2030
Belarus Kiribati Samoa

Belgium Kuwait Seychelles -1

Bhutan Kyrgyzstan Singapore

Bolivia Laos - 5 -30 -400 -1,000 Slovakia

Botswana S % Latvia Solomon Islands

Brunei Lesotho -1 45 <30 -1000  -2.000 )

Burundi 1 4 Lithuania Somalia oS0 5
Cambodia Luxembourg South Africa 5 %5 30 200 -3750 7000
Canada 50 % 100 250 | Macedonia South Korea -250 1750 -2,000 -4,000 -1,000,000 -2,000,000
Comoros 4 -5 160 -30,000  -90000 § malawi 1010 SriLanka

Czech Republic Malaysia Suriname

Denmark Maldives Swaziland 5 20 150 -300 -10000  -25.000
Djibouti 1 Marshall Islands Sweden

El Salvador Mauritius 40 0 200 55000 50000 | syitzeriand

Eritrea 1 Micronesia Tajkistan

Etsrt‘.om.a 0% xoldOVra Tanzania 1 -5 -150 -400
g Mzz"fr‘;;que ©o g g |t 40 650 2000 -4000 250000 -500000
Finland Myanmar 535 850 1250 50000 100000 | Torea

Georgia Nepal Trinidad and Tobago

Germany Netherlands Turkmenistan -1 -1 -10
Grenada North Korea -1 -0 -100 -200 -20,000 -45000 § Tuvalu

Guatemala Palau Uganda |

Guyana Papua New Guinea United Kingdom

Haiti Paraguay Uzbekistan

Hungary Philippines Vanuatu

Iceland Poland

India 40 300 -L750 -3500 -650.000 -L500000 | Qater Venezuela

Indonesia 650 00 50 50000 00000 | Romania Vietnam B0 -850 3500 -1250 -35D000 2000000
Ireland Rwanda 1 10 Yemen 11 30 55 1260 5280
Kazakhstan 5 45 150 -300 950 2000 | saintLucia Zambia 15

Kenya A0 50 Saint Vincent Zimbabwe 1 -0

0 Additional persons affected due to climate change - yearly average
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HEATING & COOLING

2010 EFFECT TODAY CONFIDENCE

9L)GAIN 35 B||.|.|[]N RUBUST The most certain outcome of global

PER YEAR warming is rising heat

As heat goes up, heating costs
decrease and air conditioning costs rise

2[]3" EFFEET TUM[]RR[]W In the cooler north, heating especially
e 75 is mandatory and widespread, but in
tropical zones, artificial cooling is not
USD GAIN always a necessity
BILLION

ol IMATES GLOBAL CLIMATE IMPACT @

PER YEAR SEVERITY e Currently, the impact of rising heat on
o - indoor space conditioning is a positive
iy effect of climate change globally, as cost
9 EEUNUM|E |MPAE-|- AFFECTED i ﬁ} £ ’ reductions in cooler countries outweigh
cost increases in hotter countries
INJUSTICE . o
. Tropical countries still incur
O19% serious losses, and in the longer term,
PRmR”Y ° if climate change is not controlled, high
cooling costs will overtake reductions in
60600 0600 DG EFFECT @B heating costs
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he heating and cooling of
residential and non-residential
indoor spaces are among the
largest energy consumers
globally (WRI, 2009). Energy
demand for heating is currently
ten times higher than for cooling
(Isaac and van Vuuren, 2008). As a
result, temperature rise is presently
generating a net economic benefit for
the world economy, since the lowering
of heating costs due to milder winters
or fewer cold days is more significant
than any increase in air conditioning
costs (Hansen et al., 2012). However,
if climate change continues to the
end of the century, rising heat and
increased air conditioning demand in
developing countries would generate
net losses for the world (Isaac and van
Vuuren, 2009). Today, the increasing
costs faced by middle and lower
income countries in tropical regions
can represent a significant negative
economic impact at a national level.
As a result, cooler countries are
seeing declining emissions or less
growth in emissions at national
levels, enabling them to better meet
GHG reduction targets. In hotter
countries, however, GHG emissions
will be artificially inflated, making it
more difficult to reduce them. In fact,

meeting the rapidly growing demand
for air-conditioning as incomes expand
in developing countries is a significant
challenge without climate change.

Not meeting the challenge, including
with climate change, will curtail the
economic development and welfare

of many lower and middle-income
countries, for example through reduced
productivity and greater exposure to
heat related health risks (Kjellstrom et
al., 2009; Akpinar-Ferrand and

Singh, 2010).

CLIMATE MECHANISM

The planet’s warming is virtually
certain, resulting in more hot and fewer
cold days and nights (IPCC, 2007). On
average, winters are becoming shorter
and milder, summers longer and hotter.
Areas that rely on heating indoor space
to maintain comfortable temperature
levels will increasingly need less
energy in a year as the cold wanes.

On the other hand, areas that can
benefit from year-round or seasonal
air-conditioning to bring down indoor
temperatures to comfortable levels

will increasingly need more energy to
maintain these levels as temperatures
climb. Many industrialized countries
will see benefits from reduced winter

° SURGE

heating needs, however many of those
same countries will also experience
increased cooling needs (Miller et al.,
2008). In the sub-tropics and tropics
where most of the world’s population
resides, greater cooling costs far
outweigh any heating fluctuations
(Isaac and van Vuuren, 2008).

IMPACTS

The global impact of climate change
on heating and cooling is currently
estimated to benefit the global
economy by more than 30 billion
dollars each year. By 2030, the costs
of heating and cooling are estimated
to decline slightly as a share of global
GDP, but reach over 70 billion dollars.
This is a signal of what lies ahead,

as increased demand for cooling will
gradually overtake any benefits from
lower heating costs.

In 2010, national losses amounted
to some 5 billion dollars a year in
additional costs, whereas gains in
countries benefitting from lower
heating costs amounted to 40 billion
dollars a year. By 2030, annual losses
are estimated to be over 70 billion
dollars and gains at 150 billion dollars.
Countries with the largest losses in
2030 are India and Mexico, each
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with over 10 billion in annual costs.
The largest gains are in the United
Kingdom, Russia, China, and Germany,
with benefits ranging from 10 to 20 billion
dollars or more each year.

Least developed and lower-income
countries in Africa, Central America,
the Caribbean, and the Pacific are
particularly negatively impacted, with
losses reaching from 0.5-1% of GDP
by 2030.

THE BROADER CONTEXT

Energy demand for both heating and
cooling is growing almost everywhere.
Global demand for heating is

expected to peak around 2030, while
demand for cooling will continue to
expand throughout the 21st century

as incomes grow in tropical and
sub-tropical developing countries
(Isaac and van Vuuren, 2008). These
increases and decreases would occur
without climate change, since energy
efficiencies are being realized in cooler
countries where markets for heating
and cooling equipment are saturated
and population growth is slow or
declining (UNECE, 2012). In developing
countries air conditioning demand is
far from saturated and is expected to
increase rapidly as incomes rise and
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populations grow. Urban heat islands,
growing in many places as a concern
parallel to these other factors, are
also exacerbating energy requirements
(Kolokotroni et al., 2010; Memon
etal., 2011).

VULNERABILITIES AND WIDER
OUTCOMES

The world’s hottest countries are most
vulnerable to the impacts of climate
change, since they already rely heavily
on air-conditioning. Africa, Asia and
the equatorial zones are particularly
exposed since large populations and
significant amounts of economic activity
are located in warm zones.

If rising heat is not compensated by
additional cooling that maintains at
least the same level and progress

in indoor climate control, economic
productivity will fall more or less
predictably (Kjellstrom et al., 2009a).
Human welfare will be significantly
affected through additional, serious
impacts to human health from
cardiovascular and chronic respiratory
ilinesses over and above what is already
noted in the Health Impact section of
this report (McMichael et al., 2006).
As is highlighted in this report’s Ghana

o o0

COUNTRY 2010 2030 2010 2030
ACUTE

Antiguaand Barbuda 1 25 15 65
Belize l 30 15 55
Benin 15 150 100 300
Burkina Faso 45 400 250 600
Burundi 5 85 80 150
Cambodia 25 500 200 850
Central African Republic) 55 40 100
Chad 45 30 150 30
Dominican Republic 65 950 450 1750

Equatorial Guinea 25 200 150 400

Grenada 1 15 10 40
Guinea 15 100 95 20
Guinea-Bissau [l 15 45
Haiti 35 500 250 90
Honduras 25 400 200 150
Iraq 100 1500 750 3,000
Jamaica 20300 00 750
Laos 10 250 100 400
Liberia 500 40 100
Mali 30 20 200 550
Marshall Islands 5 1 10
Mauritania 10 10 60 150
Micronesia 1 5 5 15
Myanmar 15 1250 650 2750
Nicaragua 30 500 200 750
Niger 30 20 200 550
Panama 30 500 20 750
Papua New Guinea 20 350 200 900
Saint Lucia 1 2% 15 65
Saint Vincent 1 15 10 3
Sao Tome and Principe 1 1 5

country study, people in the lowest-
income communities are more likely to
sleep outdoors on the hottest nights,
increasing exposure to mosquito bites
during peak vector activity periods
(dusk and dawn) and promoting
higher transmission rates of malaria.
Heat stress also affects cognitive
performance, mental stress, and
depression among other psychological
effects (Hancock et al., 2003;

Hansen et al., 2008).

RESPONGES

Increases in heat are often offset

by increased energy consumption

on the part of those who can afford

it, but at an additional energy cost.

For those who cannot, social and
economic welfare will be compromised
by productivity and health effects,
although it is unclear how the economic
costs of lost productivity might compare
with extra cooling costs (Yardley et al.,
2011; Kjellstrom et al., 2009b). Since
solutions for indoor space cooling are
technically possible in many cases,
international responses could focus on
ensuring adequate indoor cooling for
lower-income communities unable to
do so at will, particularly in areas with
high risk for malaria and vector-borne

() (3]

2010 2030 COUNTRY 2010 2030
Senegal 30 250
15 95 | sierra Leone 0 1
1 10§ solomon Islands 1 2%
85 200§ suriname 5 50
150 350§ Togo 0 8
1 1 | Tuvalu 1
200 850 I Yemen 200 2,250
5 15
150 350 | Bahrain 15 20
350 1250 | cameroon 3300
% 20 || cape Verde 110
10 30 | comoros 1 9
% 60§ cote d'lvoire 35300
15 35 || cuba 55 850
150 950 | pominica 1 10
65 250§ DR Congo 15 150
550 2250 | El Salvador 20300
100 450§ Fiji 1 %
1 1 | Gambia 5 %
25 65 Guyana 5 50
65 150 | kiribati 9
Mexico 600 10,000
40 100 § oman 45 550
Palau 1
100 450 | Philippines 200 3,000
100 400 | samoa 110
200 950 | Saudi Arabia 350 4,250
60 250 | Sudan/South Sudan 80 750
85 350 | Tanzania 40350
15 50 | Uganda 40300
5 20 | United Arab Emirates 150 2,000
1 1 | vanuatu 110

disease. Improving building insulation
and energy efficiency in the tropics
(not only in cold countries) to protect
against heat (not only cold) would be
an important, lower-emission option for
adapting to the growing heat (Akpinar-
Ferrand and Singh, 2010).

Heating and cooling is a clear example
of a dual-focus adaptation-mitigation
response area. Any mitigation project
that ensures provision of cooling-related
technologies to affected communities
would also constitute an adaptation
action. In terms of practical steps,
increasing local shade-tree cover

can have a positive effect on cooling
buildings (Donovan and Butry, 2009).
Cities could take greater advantage

of the geothermal energy created as a
result of the heat island effect to supply
energy for cooling, since cities also
heat the ground below, not only the

air above. The potential energy supply
has been estimated to exceed cooling
demand requirements in several major
cities (Zhu et al., 2010).

()

2010 2030 2010 2030 COUNTRY
00 550 150 400 | venezuela
65 150 30 80 ¥ vietnam
15 85 15 55
2% 100 10 35 | Bahamas
020 10 30 | Bangladesh

1 1 Barbados

1500 4750 1000 3250 | Brazl

Brunei

100 400 60 %50 Colombia
%0 650 45 100 | congo

5 15 5 10 © CostaRica

5 20 5 15 | Ghana
300 750 150 350 | Guatemala
550 2250 450 1150 | India

5 % 5 15 | Kuwait
400 1,000 1 5 | Malaysia
150 600 50 00 © Malta

2 90 5 20 | Mozambique
20 60 15 40 Nigeria

25 100 20 85  Paraguay

5 15 5 10 | Qatar

6,250 30000 3000 15000 | Singapore

350 1,250 %50 800 | Thailand

1 5 Timor-Leste
1500 6,500 800 3250 ! Tonga

5 2% 1 10

2500 9000 2000 1250 | Angola
750 2,000 250 700 Australia
450 1,250 100 300 | Bhutan
150 450 25 70 cyprus

1250 4250 800 2750 | Diibouti

5 25 5 20 | Egypt

THE INDICATOR

The indicator maps residential/
non-residential heating demand
changes. It is considered

robust, given the certainty of the
climate science community and
model convergence on the main
parameter of increasing heat,
although humidity levels are also
important (Wang et al., 2010). High
quality energy consumption data
gives a reasonable indication of the
phenomenon’s scale, but relies on
the concept of heating and cooling
degree-days, which are not fully
accurate in terms of all demands,
since wind, cloud cover, and
humidity strongly influence heating
and cooling behaviour (Baumert
and Selman, 2003). While the
same optimal temperature is
assumed for different countries,

it is argued that the optimal
temperature varies by region,
climate, and other conditions
(Dear and Brager, 1998). Though
the Indicator considers several
dynamic variables, floor space

size changes over time are not,
though are understood to have a
significant impact on future energy
requirement estimates (Isaac et
al., 2008; Clune et al., 2012).

2010 2030 2010 2030 010 2030
200 3000 1500 6,250 400 1,500
150 3750 1500 6,000 00 2500

] A 15 60
3500 930

1,900 10 400

2500 -5 450

30250 360 900 60 150
5 180 3030 10 100

800 10000 15000 65000 15000 55,000
9 650 400 1,500 450 1500
65 1000 550 2260 30 1500

11 53 10 2
10 90 150 400

85 700 2500 6250 1000 2780
5 150 90 500

40500 300 1,000 150 950
60 1000 300 1250 200 300

200 3000 2000 8500 1250 4750
11 yo

9 11 1 9

15 150 %30 20 1

150 550 1750 4000 1500 3750
1 1 15

I 15 v B 9 a0

1 1 Kl 1 9 1

150 200 1250 550 -100 300

e Additional economic costs due to climate change (million USD PPP) - yearly average

o Additional/reduced energy load due to climate change (GWh) - yearly average
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CLIMATE VULNERAB

Vulnerability measure:
comparative losses as
ashare of GDP in USD

(national)

()
COUNTRY 000 2030 2000 2030 2010 2030 COUNTRY 2010 2030 2000 2030 200 2030 COUNTRY 00 2030 2010 200 2010 2030
Gabon 5 3% 30 0 5 15 | Croatia 15 <450 700 1,250 -250 400 || Nepal 5 80 250 450 -1 -1
Indonesia 150 1750 2250 7000 L750 5750 | CaechRepubic 100 4250 3500 6500 2500 4750 | wetnerands 1250 -3500 5250 9500 2500 4500
Israel 9 150 55 400 45 300§ Denmark -900 2500 2250 -4000 1250 2500 § new zealand 8500 o0 TR0 85 150
Japan 250 750 1,250 2,500 550 1,000 § Ecuador -0 -10 -350 -0 -95 -5 North Korea 150 1250 1250 -2.250 -850 1250
Jordan N T 5 | Eritea 20 00 50 00 o0 -2
Kenya S 15 | Estonia I R N AT 22 ABD %
Maldives 51 % 1 20 | Etviopia 9500 900 150 oo -lsp | Pekisten B b L0 A0 0200
Mauritius R 550 1500 3000 6500 1000 50 | Poland L1250 8250 6150 10000 1000 -15000
Peru 540 %9 0 00 | France 2050 6250 15000 25000 1250 2000 | Portugal A0 400 700 250 300 550
Rwanda 1 5 15 10 5 1 | Georgia 1 5 50 1 1 | Romania <200 -1.250 1750 -3250  -1000  -2.000
Seychelles 1 5 10 1 5 || Germany -8,000-20,000 -30,000 -55,000 -15000 -30.000 | Russia -2,260 15,000 -20,000 -45,000  -15,000  -25,000
Somalia -1 1 -0 5 -5 1 | Greece 25 45 50 -250 200 200 | slovakia 300 1750 1,250 -2.500 -400 150
SriLanka 5100 150 600 0 300 | Hungany 950 2250 1500 2050 T80 1250 | sovenia 100 60 S0 L0000 4w
Syria -5 5  -200 100 -100 70 | Iceland <40 -100 -150 -300 South Africa 200 1000 -3250 -5500 -3,000 5,250
Trinidad andTobago 1 40 100 400 75 300 | Iran 000 -350 2000 -2000 1250  -1.250
velng w0 L s [ e o
Aghanistan 90 150 G50 800 150 200 | way 2000 5250 6500 0000 3250 550 | P : L :
Albania W % B 1 | Kazakhstan 150 850 2500 4750 2500 5000 | Sweziand I | 1
Ngeria 300 750 3000 4500 70 2750 | Kyreyestan 20 75 50 400 20 -gp | Sweden 1250 3250 5000 8000 A0 300
Argentina 65 350 -3000 -3750  -L00D LS00 | Latvia 150 950 600 1000 0D -200 | Switzerland -A00 120 2750 -5000 20 -30
Armenia 25 150 200 -300 -0 -40 | Lebanon A0 15 85 30 -B5 20 | Tajikistan R 9 %0 1 1
Austria 500 LS00 2500 4750 450 -850 | Lesotho 1 10 0 % Tunisia 100 G50 1000 LS00 GO0 B
Azerbaijan 35 200 -250 400 -150 -250 |§ Libya 55 200 500 -450 -500 450 | Turkey 50 1250 3250 5250 1750 -2750
Belarus 350 2250 1750 -3500 1500 2750 | Lithuania 300 -1750  -1.250 -2,000 -950 -1,750 Turkmenistan R S IR 100 100
AL L B0 | A B M W U 1N M am S
olivia - - K -1, K - acedonia B N i - - - N .
Bosnia and Herzegovina 85 500 450 800 350 600 | Madagascar W0 0 g0 gy | Lritedkinedom 425010000 -20000 35000 5000 1500
Botswana 5 30 0 A0 0 50 | Malew 1 10 8 0 0 o | UnedStetes B30 A0D0 574D 87D -3500  -3500
Bulgaria 0 1500 1250 2250 800 1500 | Moldova 5 450 30 B0 250 500 | Ureeway A0 0 0 6 8
Canada 550 1500 6750 15000 1250 -2.250 | Mongolia 40 450 30 50 500 1000 | Uzbekistan A0 150 0 850 500 -560
Chile 400 2750 2000 3750 850 -L500 | Moroceo 200 1000 TS0 2500 250 -L7s0 | Zembia 15 5 s
China -2750-20,000 -60.000 80000 50000 65,000 N namibia 50 00 00 5 40 | zimbabwe 90 50 50 00 50 250

Q Additional CO, generated,/reduced for heating and cooling due to climate change (Kt CO,) - yearly average
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LABOUR PRODUCTIVITY

2010 EFFECT TODAY

USD LOSS
PER YEAR 3““ B".I."]N

2030 EFFECT TOMORROW
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== People work less productively in hot
conditions

= As the workplace warms, occupational
heat exposure standards defined by the
International Organization for Standardization
(IS0) and other bodies are being breached

= Heat stress affects employees working
outdoors or in non-cooled environments, except
for the coldest and highest-altitude areas

=X Effects are most serious for subsistence
farmers in developing countries who cannot
avoid daytime outdoor work

= Adapting to these changes can be cost-
effective, such as through sun protection
measures, but the full extent of adaptation
is not well studied and could be extremely
limited, especially for outdoor workers

=2 For indoor situations, air conditioning or
insulation would need to be increased, but
equally incur a cost

55 INDIA 450

~CHINA ..

= MEXICO.s,

30 INDONESIA 250
15 THAILAND 150

e Economic Cost (2010 PPP non-discounted)
e Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 10,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Bilions of USD (2010 PPP non-discounted)



abour productivity is one of the

principal factors in contemporary

economics, and a generalized

loss of productivity results in

economic loss (Samuelson

and Nordhaus, 1948; Solow,
1956). Workers are less efficient
and less productive when subjected
to excess heat both outdoors and
in inadequately climate-controlled
working conditions (Ramsey, 1995;
Pilcher et al., 2002; Niemela et al.,
2002; Hancock et al., 2007; Su et
al., 2009). International ergonomic
standards define highly specific
thermal conditions for differing
degrees of occupational exertion and
stipulate clear threshold limits (SO,
1989). Similar national standards
are effective since the mid-1980s
(NIOSH, 1986). Precise directives for
personnel heat stress management are
also imbedded in military operational
guidelines, since it may affect combat
outcomes (USDAAF, 2003). Science is
more certain about the warming of the
planet than any other aspect of climate
change (IPCC, 2007). As the increase
in hot days and hot nights continues,
worker heat stress has the potential
to become a significant drain on the
world economy (Hansen et al., 2012;
Kjellstrom et al., 2009a). Adapting to

labour productivity impacts is costly,
but not doing so will result in further
costs through deteriorating health,
cooling costs, or slower gains in
competitiveness (Hanna et al., 2011a;
CDC, 2008; Kjellstrom ed., 2009).
Thus, incentives to adapt are high, but
may be out of reach for three-quarters
of the world’s developing poor, who
live in rural areas with few options
(Kjellstrom et al., 2009b; Ravallion

et al., 2007).

CLIMATE MECHANISM

As the planet warms, thresholds
regulated in international and
national occupational standards

are increasingly surpassed. Unless
measures are taken, more hours of
work will be needed to accomplish the
same tasks, or more workers to achieve
the same output (Kjellstrom et al.,
2009a-b). Thermally optimal working
conditions increase productivity

(Fisk, 2000). Incremental increases
in temperature are well understood,
with business-as-usual economic
development set to raise the average
temperature by 3°C (5°F) above
today’s levels in 50-60 years (Betts
et al., 2009). An additional 4°C (7°F)
above that level—not ruled out for this

° SURGE

century—would make outdoor activities
of any kind impossible in large tropical
areas of human habitation (Sokolov et
al., 2009; Sherwood and Huber, 2010).

IMPACTS

The global impact of climate change
on labour productivity is already
estimated to cost the world economy
300 billion dollars a year—around 0.5%
of global GDP. It is overwhelmingly the
single most significant negative impact
included in this assessment.

Hot and humid tropical and sub-
tropical countries of Africa, Asia,

Latin America, and the Pacific are
already severely affected. The greatest
total losses affect the world’s major
emerging economies: China, India,
Indonesia, and Mexico, whose
development due to labour productivity
set-backs alone could be impeded by
more than 200 billion dollars a year by
2030, when China and India’s annual
losses could approach half a trillion
dollars each.

Approximately 0.6°C (1°F) of heat
absorbed by the world’s oceans will

be released back into the atmosphere
in the coming decades, effectively
committing the world to a labour
productivity loss estimated to reach
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2.5 trillion dollars a year by 2030,
stunting global GDP by over 1%
(Hansen et al., 2005). Parts of West
and Central Africa may even have 6%
lower levels of GDP by 2030.
Comparatively few people in colder
zones of the planet, such as Australia
and the United States, are expected
to reap a modest gain in productivity:
3 billion dollars in 2010 and 18 billion
dollars in 2030. The skewed workforce
structure of developed economies,
heavily reliant on low-exertion indoor
work reduces vulnerability. However,
numerous studies also indicate
concern for exposed workers in
developed countries (Graff Zivan and
Neidell, 2011; Hanna et al., 2011a;
Hiibler et al., 2007).

THE BROADER CONTEXT

Labour productivity drives profitability
and higher living standards (Ingene
etal., 2010). Labour productivity is
surging almost everywhere, even in
the world’s wealthiest and slowest
growing economies (Jorgenson and Vu,
2011; OECD, 2012). Comparisons of
labour productivity growth between the
US (faster) and Europe (slower) have
shown the importance of information
technology (IT) as a positive driver (Ark

a VULNERABILITY SHIFT

SEVERE

2030 PP rggggs
acute PR 79
2010 M @w@Ee )

2030 Wi 15

2010 WA gl @i o 26

2030 6
HIGH
2010

2030
MODERATE
2010

36

58

64

2030 @@ @@ 26

Low

2010 M@ @ @ @ 26

0 INDICATOR INFORMATION

M [] I] EI. Euskirchen, 2006; Kjellstrom et al., 2009

EM|SS|[|N SEENAR'U SRES A2 (IPCC, 2000)
BASE []ATA Kjellstrom et al., 2009

@Acute @ Severe High Moderate @ Low

a WA = 5 countries (rounded)
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et al., 2008; Holman et al., 2008).
Above all, climate change is limiting

the productivity potential otherwise
achievable by developing countries, as
they make structural shifts in workforce
employment towards higher productivity
economic sectors (Kjellstrom et al.,
2009a; McMillan and Rodrik, 2012).

VULNERABILITIES AND WIDER
OUTCOMES

Geographical and structural
vulnerabilities are determined by levels
of income or human development.
Geography is important since only the
coldest zones experience gains, while
the hottest ones approach the limits
of physiological habitability (Sherwood
and Huber, 2010). Structurally,
economies with mostly outdoor
workers are particularly vulnerable,

as are economies with slower
industrialization rates and few climate
controlled workspaces—middle and
low-income countries (Kjellstrom et
al., 2009d). Some evidence indicates
that women are less resistant to heat
stress, while men are more exposed,
due to the proportion of men in heavy,
outdoor work (Luecke, 20086; ILO,
2011). Subsistence farmers typically

o

COUNTRY 2010 2030
ACUTE

Afghanistan 350 3,000
Angola 2,500 15,000
Antigua and Barbuda 25 20
Bahamas 150 1,250
Bangladesh 3,500 30,000
Barbados 90 700
Belize 40300
Benin 400 2750
Bhutan 5 400
Burkina Faso 600 4000
Cambodia 900 9,250
Cameroon 1,250 8750
Cape Verde 60 400
Central African Republic 75 500
Chad 950 3750
Colombia 9750 75,000
Congo 350 2,500
Costa Rica 1250 9,000
Cote d,Ivoire 1,000 7250
Cuba 1750 15,000
Dominica 15 100
Dominican Republic 1250 9,500
DR Congo 500 3250
El Salvador 950 7500
Equatorial Guinea 500 3250
Fiji 15 600
Gabon 500 3250
Gambia 100 700
Ghana 2,000 15,000
Grenada 0 150
Guatemala 1,500 10,000

inhabit geographically vulnerable
regions and would need to commit

to higher levels of activity in order

to deliver equal output; however,
since they need to see the land,
displacing their working shifts into
the cooler night hours is impossible
(Kjellstrom ed., 2009). This raises
food security concerns. Nutrition can
compound matters by contributing to,
or detracting from, labour productivity
(Maturu, 1979).

RESPONSES

Six key strategy and measurement
areas for adapting to growing thermal
stress on the workforce follow:

1. Education and awareness
campaigns directed at behavioural
change of employees and workers to
drink water (hydrate) and minimize sun
exposure; e.g., municipal initiatives

to increase tree cover and shade, or
movable screens (McKinnon and Utley,
2005);

2. Strengthened labour institutions,
guidelines, protection, regulations,

and labour market policies for workers
(Crowe et al. 2010; ILO, 2011);

3. Climate control to increase use of
air conditioning or building insulation
systems, assisting some indoor

(1]

2010 2030 COUNTRY
Guinea

29% 23% | Guinea-Bissau
52% 43% | Guyana
49% 38% | Haiti

A4% 35% | Honduras
4% 3% Y india

45% 35% | Indonesia
A% 32% | samaica
59% 48% | Kiribati
A4% 3% J Laos

67% 9% Y Liberia
52% 40% | Malaysia
55% 45% | Maldives

50% A% ) mali
59% 48%

Marshall Islands

55% 45% | Mauritania
40% 31% | Mauritius
53% 43% | Mexico
40% 3% | Micronesia
53% 43% Myanmar
3% 30% § Nepal

49% 38% J Nicaragua
38% 30% | Niger

54% 44% | Nigeria
38% 30% | Pakistan
B5% 53% | Palau

2 18% | Panama

A% 3%

Papua New Guinea

59% 48% § Philippines
55% 45% | saint Lucia
49% 38% J saint Vincent
44% 34% | samoa

workers; not all indoor workplaces can
be adequately cooled;

4. Gaining productivity by expanding
use of IT, improving capital equipment,
or modernizing agricultural technology
(Storm and Naastepad, 2009; Wacker
et al., 2006; Restuccia et al., 2004);
5. Fiscal and regulatory intervention to
stimulate a faster structural transition
of the economy away from outdoor
labour; e.g., coordinating industrial
systems or transitioning from natural
resource-intensive growth plans

that detract from macroeconomic
productivity gains (Storm and
Naastepad, 2009; McMillan and
Rodrik, 2012);

6. Promotion of individual health to
improve body thermal responses (Chan
etal., 2012).

(3] (1)

2010 2030 2010 2030 COUNTRY
350 2,000 51% 41% § Sao Tome and Principe
5% 350 55% 45% || Senegal
80 600 3% 29% | Seychelles
150 1,250 0% 32% | Sierra Leone
750 5750 40% 31% § Solomon Islands
55,000 450,000 35% 2% | srilanka
30,000 250,000 40% 31% | Suriname
350 2500 39% 30% | Thailand
10 90 33% 23% | Timor-Leste
450 4750 49% 38% | Togo
50 350 48% 39% | Tonga
10,000 95,000 3% 29% | Trinidad and Tobago
1B 550 3% 2% f Tuvalu
500 3,250 40% 32% | Vanuatu
5 45 33% 23% || Venezuela
0 1250 30% U% N Vietnam
550 3500 35% 2h
35,000 250,000 39% 30% | Burundi
10 90 33% 23% | Comoros
2,250 15,000 48% 3% | Diibouti
500 3750 53% 4% | Eritrea
400 3,000 40% 31% || Ethiopia
350 2250 50% 4% | Kenya
10,000 75,000 4% 34% || Madagascar
6,500 50,000 33% 25% | Malawi
5 25 3% 23% || Mozambique
1000 7750 4% 32% | Rwanda
300 2250 33% 23% | Somalia
10,000 85,000 30% 29% || Sudan/South Sudan
0 280 49% 38% | Tanzania
0150 49% 38% | Uganda
0150 33% 2% | zambia

THE INDICATOR

Certainty about increasing
temperature, the main climate
variable at play, contributes to the
robustness of the indicator, although
humidity levels are another important
determiner of thermal stress and are
less certain (Wang et al., 2010).

The indicator relies on a global/sub-
regional scale model for estimating
the loss of labour productivity,

based on international labour
standards and estimates of wet

bulb globe temperature (WBGT)
change for populations assumed to
be acclimatized (Kjellstrom et al.,
2009a). It takes into account both
the productivity of outdoor and indoor
workers, although the heaviest forms
of labour are not considered. The
changing structure of the workforce
over time, in particular, the industrial
shift of developing countries away
from outdoor agriculture is also
factored in. Productivity gains to
countries in high latitudes that will
experience a reduction in extreme
cold were also accounted for,

over and above the base model
(Euskirchen et al., 2006).

(3] (1)

2010 2030 2010 2030
10 60 8% A7
100 4750 orh 46%
60 400 45% 35%
150 900 3% 4%
020 0% 2%
25,000 3% 2%
10500 3% 2%
15,000 150,000 45% 3%
0 70 3% 0%
200 1250 B1% 0%
15 100 3% 23
400 3,000 43% 3%
1 9 3% 2%
0180 3% 2%
8,000 60,000 A% 3%
8,000 85000 48% 3%

320 B1% 0%
0 % 43% 3%
0150 6% 46%
o 20 62% ol
950 6,000 64% 2%
100 4750 48% 39%
200 1250 67% 9%
150 900 61% 0%
250 1500 63% ol
150 830 66% 9%
65 400 2% 3%
1,500 39% 3%
650 4,000 63% ol
450 3,000 60% 8%
200 1,500 4% 43%

0 Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERABILITY s e S S O

Vulnerability measure:
comparative losses as
ashare of GDP in USD
(national)

@Limited @ Partial  Considerable

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Latvia 5 25 5% 5% | Yemen 20 150 20% 13%
Bolivia 00 1750 46% 36% | Lebanon 2% 150 20% 13% | Zimbabwe % 150 6% 56%
Brazil 600 45000 4% 3% | Lesotho 550 W 3 g
China 0000 450000 3% %% | Libya T , P , .
Ecuador S0 4000 4% 3% | Lihuania T Bl I HS; 22;
paraguay W 4% 3% | Macedorio A R S
peru 1250 9500 8% 1% | moldowa T %o o
Morocco 65 450 A% g | Chie S0 3R 2%
Albania 15 5 5% | Namibia 000 33y a7y | Cverus B B
Algeria 00 750 18% 12% | NewZealand 5 15 5% 6% | Denmark 6% 6%
Armenia 5 40 25% 19% | North Korea 90 900 3% 26% | Finland 150 -500 6% 6%
Australia 45 100 6% 6% © oman 25 150 26% 18% § France 5% 5%
Azerbaijan 320 36% 2% | Poland 15 100 % 3% | Germany 8% 6%
Bahrain }g gg 351:f Z;Zf Qatar ﬁg 423 42% Zg"f Greece 5 5%
Belarus h % | Romania % % g g
Bosnia and Herzegovina I 5 8 %% Saudiabia moLE o by | LR
Botswana B W0 5% 43% | singapore I T i 5k
Brunei I 15 B 6% | Sowks T L LI .
Bulgaria I 5 % 5% | Sowna T L b &
Canada 00 90 1] 1% | South Africa 1250 7250 3% 1% | Kezakhstan 20 L0 A0k 0%
Croatia 1 15 5% 5% | South Korea 150 1,000 6% 6% | Luxembourg 5% 5%
Czech Republic 5 40 5% 5% | Swaziland 15 85 36% 30% § Malta 5% 5%
Egypt W L0 A% 1% | sy B0 % 1% | vongoi 550 W %y
Estonia 5 2 5% 5% | Tajikistan 5 25 35% %% | Netherlands 8% 5%
Georgia 10 60 3% U% | Tunisia 40 250 19% 13% Norway 200 -850 3 3
Hungary 5 Bl 5% 5% | Turkey 400 1,250 20% 14% Portugel & &
Iran 400 2750 19% 13% © Turkmenistan 15 8 3% Ul i . .
iaq N B0 1% % | Ukraine R L 2000 5000 BR A
Japan 00 1000 6% 6% | nited Arab Emirates % 60 3% oy | Seain o G
Jordan 0 W 0% 1% | UnitedStates 15,000 50,000 6% § | Sweden 300 -850 6% 6%
Kuwait 5530 3% % | Uruguay 0 75 4% 32% | Switzedand 6% 6%
Kyrgyzstan 5 25 36% 21% | Uzbekistan 25 150 3% 2% § United Kingdom 6% 6%

@ Share of workforce particularly affected by climate change (%) - yearly average
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PERMAFROST

2010 EFFECT TODAY CONFIDENCE

goss 3“ BILLION |N[]|BA-|-|VE One-quarter of the northern

PER YEAR hemisphere’s land is permanently frozen
or frozen for extended periods

The planet’s warming has been most
rapid in the far north, where rising heat
simply melts permanently frozen land

e Infrastructure of every kind, from
USD LOSS buildings, roads, and railways, to
PER YEAR B".l."]N SEVERITY e e G pipelines, airports, and power lines come

under stress or are damaged when the

2030 EFFECT TOMORROW

ol IMATES GLOBAL CLIMATE IMPACT @
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MDG EFFECT infrastructure in the near term

€ reuinue wpicr (©) Hrspors
oo W 5995955985598 a0 @) 20
33555s58s5988s RUSSIA
$$555555555559%
i
$$$$$$$$$$$$$$$ 2030 600 MONGOLIA 4,000
581 7 1,750 CANADA 3 500

400 PAKISTAN 2,000

@ seopuumoa vonersBLTY

e Economic Cost (2010 PPP non-discounted) 0 $ = Losses per 10,000 USD of GDP @ e = Millions of USD (2010 PPP non-discounted)

O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP




ermafrost thawing is one impact
of climate change that does not
spare some of the world’s most
advanced and industrialized
countries. In some places
rising heat is causing dry
lands to degrade into desert. In the
coldest parts of the world, the heat is
instead causing land to melt and sink,
damaging infrastructure as it subsides
(Larsen and Goldsmith, 2007). Every
conceivable type of infrastructure is
at risk as permafrost melts, including
buildings, roads, railways, and oil
pipelines (Xu et al., 2010; Lin, 2011M;
Feng and Liu, 2012). Preserving this
infrastructure as growing heat adds
to the stress is a major challenge
for engineers and a serious cost for
local communities (McGuire, 2009).
In Alaska, for instance, two-thirds
of the state roads budget is spent
on permafrost repair alone (Stidger,
2001). In worst case scenarios, it is
estimated that extreme permafrost
thaw could force the relocation of entire
communities (Romanovsky et al., 2010).
Permafrost thawing through accelerated
infrastructure replacement and repair
will impose significant cost burdens on
the world’s coldest communities.

CLIMATE MECHANISM

As temperatures rise, regions nearer the
poles are heating up the fastest (IPCC,
2007). Much of the land within the
Arctic Circle is frozen on a permanent
basis, or for more than 1-2 years. The
permafrost region currently covers
about one-quarter of earth’s land area
(Nelson et al., 2002); however, it is
home to only a fraction of the world’s
population (Hoekstra et al., 2010). One-
quarter of the land area of the northern
hemisphere has a subterranean layer

of ice built up under the soil which can
melt when temperatures rise (Anisimov,
2009). The warming planet thaws
otherwise permanently frozen land,
destabilizes it, alters its ecosystem, and
compromises the structural integrity

of any buildings or infrastructure that
have been constructed in these zones
(Romanovsky et al., 2010). In this way,
climate change is already accelerating
the process by which key infrastructure
in these areas requires repair or
replacement (Larsen and Goldsmith,
2007).

IMPACTS

The impact of climate change on
infrastructure in affected permafrost

° SURGE

zones is estimated globally at 30
billion dollars a year in 2010. With the
expected increase in temperatures
through to 2030, losses associated
with permafrost thawing are estimated
to grow as a share of global GDP,
amounting to approximately 150 billion
dollars a year.

Countries worst affected include the
US (because of Alaska), Canada, China
(because of Tibet), Mongolia, Russia,
and a number of Central Asian states
(because of the Himalayas). As climate
change intensifies, the same group of
countries continues to be affected.
The largest total losses are incurred in
Russia, China, Mongolia, and Canada.
Losses for Russia and China are
currently estimated at around 20 and
10 billion dollars respectively, and
should grow to over 60 billion dollars
each year by 2030.

Mongolia, Kyrgyzstan, and Bhutan

are estimated to suffer the most
severe effects as a share of GDP, with
Mongolia and Kyrgystan’s losses at
over 4% of GDP by 2030, and Bhutan’s
in excess of 1% of GDP.

Some 10 million people are estimated
to be affected by the impact of climate
change on permafrost globally, a
number that will more than double to
nearly 25 million by 2030.
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THE BROADER CONTEXT

Dealing with some degree of oscillation
in permanently frozen land in the
coldest zones of the planet is normal
(Wei et al., 2009). It is the acceleration
in these processes that incurs
additional costs as temperatures rise.
While the northernmost or coldest
regions of the planet are sparsely
inhabited, oil and gas exploitation has
grown in permafrost regions in and
around the Arctic Circle. Planned or
constructed high value infrastructure
in these regions will face growing risks
(Pavlenko and Glukhareva, 2010). The
same is true for the multi-billion dollar
China-Tibet railway, built over partially
unstable land across the Tibetan ranges
and plateaux (Yang and Zhu, 2011).

VULNERABILITIES AND WIDER
QUTCOMES

Communities and governments
maintaining expensive public
infrastructure in lower-middle income
countries, such as Kyrgyzstan in Central
Asia, will face a major development
challenge in tackling accelerated
infrastructure erosion. There is a lack of
clarity on the extent to which insurance

Q VULNERABILITY SHIFT
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policies are valid for permafrost
erosion damage (Mills, 2005; Williams,
2011). Insurance coverage is growing,
as incomes of developing countries
expand, suggesting that for many of the
worst affected areas, including Tibet,
Mongolia, and Kyrgyzstan, a lack of
insurance will heighten the impact of
these changes (Kharas, 2010).
Permanently frozen land also stores
around half of the potential soil-derived

THE INDICATOR

The indicator is understood to be
moderately robust. This is because
clarity on the climate signal in one
of the fastest warming regions

of the world is pronounced,

and the IPCC’s stance on the
possibility of extensive damage
stemming from permafrost erosion

COUNTRY-LEVEL IMPACT

emissions of greenhouse gases (GHGs),
mostly in the form of methane, a

highly potent GHG. As such, there is
mounting concern that, as they thaw,
the permafrost regions could become

a major unmanageable driver of global
climate change (Tarnocai et al., 2009).

RESPONSES

Adaptation to the thawing of permafrost
is a challenge. Future planning might

make non-essential infrastructure

projects in transition zones less of a
priority. For all existing infrastructure,
there is a predictable accelerated
depreciation and replacement cost that
must be faced (Larsen and Goldsmith,
2007). Unlike sea-level rise, changes
are likely to come faster, and no wall
can prevent the retreat of frozen land
which, as it thaws, will decimate

o

any built infrastructure in affected
areas. However, for certain types of
infrastructure, such as pipelines or
railways, measures can be taken to
mitigate the extent of destabilising
effects, especially when designing new
infrastructure (Xu et al., 2010; Wei et
al., 2009).
Public resources may be considered,

0

for instance, to subsidise or back
insurance schemes which allow risk

to be managed in a more long-term
framework, buffering communities

from abrupt losses and enhancing the
resilience of highly exposed groups
(Verheyen, 2005). In worst cases,
community relocation may be necessary
(Romanovsky, 2010).

(3] 0

is firm (IPCC, 2007). However,
permafrost damage is for now

a niche research area at best,

and the indicator’s robustness is
compromised by being based on
only one study and model from
Alaska (Larsen and Goldsmith,
2007). Further uncertainties relate
to the extrapolation of the damage
estimations through income (GDP)
metrics and population-weighted
adjustments in order to simulate
the damage effects in the other
countries. Assumptions were also
made by proxy for non-public
infrastructure based on capital
values of private infrastructure at
risk, which could be an area for
further improvement. Given the
potential scale of the damage,

the topic remains a clear research
priority for additional enquiry

in all respects.

o 0

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 cOuNTRY 2010 2030 010 2030
Bangladesh Dominican Republic

Kyrgyzstan 400 1750 450,000 850,000 § Barbados DR Congo

Mongolia 600 4,000 550,000 1000000 ¥ Belarus Ecuador
Belgium Egypt

Bhutan 45 250 20000 40000 ¥ Belize El Salvador
Benin Equatorial Guinea

Russia 15,000 75,000 4,500,000 9,500,000 | Bolivia Eritrea

Tajikistan 100 500 150000 250,000 | Bosnia and Herzegovina Estonia
Botswana Ethiopia

Afghanistan 20 100 90000 200,000 f Brazil Fiji

Canada 1750 3500 350000 700000 § Brunei France

China 9,250 65,000 4,500,000 8500000 | Bulgaria Gabon

Finland 15 0 3780 1150 || Burkina Faso Gambia

India 100 550 85000 150,000 J Burundi Georgia

Kazakhstan 200 800 75000 150,000 § cambodia Germany

Nepal 65 300 150,000 300,000 § cameroon Ghana

Norway 100 200 20,000 40,000 § cape Verde Greece

Pakistan 400 2000 350000 750,000 § central African Republic Grenada

Sweden 85 150 20000 40000 §chad Guatemala

United States 650 1,250 80,000 200,000 § chile Guinea

LOW Colombia Guinea-Bissau

Albania Comoros Guyana

Algeria Congo Haiti

Angola Costa Rica Honduras

Antigua and Barbuda Cote d'lvoire Hungary

Argentina Croatia Iceland

Armenia Cuba Indonesia

Australia Cyprus Iran

Austria Czech Republic Iraq

Azerbaijan Denmark Ireland

Bahamas Djibouti Israel

Bahrain Dominica Italy

6 Additional economic costs due to climate change (million USD PPP) - yearly average
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PERMAFROST (%)

@Acute @Severe High ©Moderate @ Low

CLIMATE VULNERABILITY

Vulnerability measure:
comparative losses as
ashare of GDP in USD
(national)

@Limited @ Partial
e o o

Considerable

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Jamaica New Zealand Spain
Japan Nicaragua Sri Lanka
Jordan Niger Sudan/South Sudan
Kenya Nigeria Suriname
Kiribati North Korea -
Swaziland
Kuwait Oman
Switzerland
Laos Palau .
Latvia Panama Syria
Lebanon Papua New Guinea Tanzania
Lesotho Paraguay Thailand
Liberia Peru Timor-Leste
Libya Philippines Togo
Lithuania Poland Tonga
Luxembourg Portugal Trinidad and Tobago
Macedonia Qatar -
Tunisia
Madagascar Romania
X Turkey
Malawi Rwanda -
Malaysia Saint Lucia Turkmenistan
Maldives Saint Vincent Tuvaly
Mali Samoa Uganda
Malta Sao Tome and Principe Ukraine
Marshall Islands Saudi Arabia United Arab Emirates
Mauritania Senegal United Kingdom
Maulritius S.eychelles Uruguay
Mexico Sierra Leone Uzbekistan
Micronesia Sin,
gapore Vanuatu
Moldova Slovakia
. Venezuela
Morocco Slovenia
Mozambique Solomon Islands Vietnam
Myanmar Somalia Yemen
Namibia South Africa Zambia
Netherlands South Korea Zimbabwe

0 Additional persons affected due to climate change - yearly average



ESTII\/IATES GLOBAL CLIMATE IMPACT @

146 | THE MONITOR | CLIMATE

SEA-LEVEL RIok

2010 EFFECT TODAY

CONFIDENCE
gvﬁf 85 BILLION RUBUST

2030 EFFECT TOMORROW

2 55“ BILLION

R SEVERITY 0000
AFFECTED it i il §
© Ecoonic et L Ep %t
(2
6115%
j@m BRIGRITY e

GG @ O
e &) reumve nipacr

$$$$$$$$$$$$$$ 2010

135

$SSSESSSST 200
90 2

@ seopuumoa vonersBLTY

Melting of the polar ice sheets and
mountain ice and glaciers is increasing
the amount of water supplied to the
oceans, causing sea-levels to rise
relative to land

The oceans heat up together with the
atmosphere as the planet warms, and in
so doing expand, leading to a greater and
growing sea-level rise effect

The rate of global sea-level rise is
gradual—currently about 1cm every
three years—but the effects are so
comprehensive that its costs are already
large-scale and growing

Tackling sea-level rise is a
monumental challenge and will
significantly inhibit development in
coastal areas attempting to stem
growing damage

15,000 CH I NA 150,000

4,000 VI HNAM 40,000
4,500 INDIA 30,000

4,500 ARGENTINA 25,000
1,250 BANGLADESH 20,000

e Economic Cost (2010 PPP non-discounted) 0 $ = Losses per 1,000 USD of GDP
O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



ea-level rise resulting from
climate change has the
potential to threaten the
survival of whole nations, such
as low-lying Maldives in the
Indian Ocean, of which 80%
are one metre or less above sea level;
their highest elevation is a sand dune
4 metres above sea-level (Maldives
MEEW, 2007). Low-elevation coastal
zones, however, are common around the
world (CReSIS, 2012). In general, where
there is inhabited coastline, there will be
vulnerability and economic and social
impacts. Sea-level rise is therefore one
of the most significant economic effects
of climate change. For countries with a
substantial proportion of the population
and economy situated within reach
of the shorefront at low elevation, the
impacts of sea-level rise are a constant
and crippling economic cost. Scientists
have asserted that climate change will
“shrink nations and change world maps”
(Hansen, 2006).

CLIMATE MECHANISM

As the planet warms and the
temperature rises, heat is melting
glaciers and ice on land around the
world, including the polar ice caps
(Olsen et al., 2011). All of the world’s

glaciers have been in long-term retreat
or have already disappeared (NSIDC,
2008). Arctic sea ice used to cover over
7 million square kilometres during the
height of summer. As this report went
to publication, sea ice was at a record
low, close to 3 million km2 in the Arctic
Sea (NSIDC, 2012). Much of the heat
in the atmosphere is also absorbed

by the oceans, which release it back
into the atmosphere (Hansen et al.,
2005). In the meantime, as the oceans
absorb more and more heat, they
expand in accordance with the basic
laws of physics. Viewed from land, this
so-called “thermal expansion” is also a
significant contributor to sea-level rise
(RSNZ, 2010). Overall, sea-level rise is
currently about 3mm per year, or 3cm a
decade (NASA Climate, 2012). Current
estimations point to increases in that rate,
with several experts recently estimating a
possible maximum of two or more metres
of sea-level rise by the end of the century
(Pfeffer et al., 2008; Grinstead et al.,
20009; Fussel, 2012).

Sea-level rise not only leads to coastal
erosion and flooding, it also increases
risks from storm surges and seasonal
high tides. It can unfavourably increase
the salinity of river ways and brackish
aquaculture production ponds,
contaminate coastal groundwater sources

° SURGE

with salt, and damage agricultural
production through gradual salt intrusion
into the surrounding soil (Nicholls and
Cazenave, 2010; Fiissel, 2012).

IMPACTS

The global impact of climate-driven
sea-level rise on the world’s coastlines
is estimated to cost 85 billion dollars
a year today, increasing to over 500
billion dollars a year by 2030, with a
doubling of costs as a share of GDP
over this period.

China suffers the largest impact today
at 15 billion dollars a year, set to grow
to almost 150 billion dollars a year

in losses by 2030, reaching 0.3% of
China’s projected GDP. By 2030, more
than 15 countries will experience annual
losses around or in excess of 10 billion
dollars, including developing countries
such as Bangladesh, Indonesia, or
Vietnam, as well as developed countries
such as the US and South Korea.
Worst affected by share of GDP are
small island states, especially in the
Pacific, and several coastal African
countries. For a handful of countries—
the Marshall Islands, Guinea-Bissau,
the Solomon Islands, and Kiribati—
costs could represent as much as 20%
or more of GDP in 2030.
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In general, lower-income and least
developed countries, especially small
island developing states, dominate the
ranks of those most vulnerable to the
effects of climate-related sea-level rise,
with serious implications for human
development progress in these areas.

THE BROADER CONTEX:

Coastal erosion and geological
subsidence, or the sinking of land due
to earth plate tectonics and associated
factors, are completely natural
phenomena which are part of the
basic geological processes sustaining
the planet. When land surfaces are
lowered near the sea, the result is
indistinguishable from sea-level rise,
when viewed from a local perspective
(Tornqvist et al., 2008).

Likewise, several issues related to the
human presence in the environment
have serious effects for coastal
erosion. Groundwater pumping for
irrigation or municipal/industrial
purposes near shorelines can cause
land to subside or become lower in
relation to the sea (Larson et al.,
2001). Coastal defences or port
structures and other built infrastructure
can alter or deflect sea currents and
lead to serious erosion in adjacent

a VULNERABILITY SHIFT
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coastal areas (Appeaning Addo and Labri,
2009). Destruction of coastal ecosystems,
such as mangrove forests, reduces coastal
integrity and triggers erosion (Wilkinson
and Salvat, 2012). In river estuaries,
upstream dams for irrigation or in some
cases hydro energy can be detrimental

to the delta downstream, if river flow is
reduced (due to diverted water), or if
sediment that would otherwise have flowed
to the sea is retained (Ly, 1980; Yang et
al., 2005; Boateng, 2009; Baran, 2010;
Fredén, 2011).

VULNERABILITIES AND WIDER
OUTCOMES

Length of coastline is not the main
determinant of vulnerability to sea-level
rise. Vulnerability is more closely related
to the relative value of land in coastal
areas, reflecting the concentration of
populations and productive sectors of
the economy under stress. It is also
closely relates to topography and
geology: with current rates of sea-level
rise, steep rocky coastlines are much
less cause for concern than low-lying,
sand-based atolls or river estuaries.
Vulnerabilities can be higher, depending
on whether or not adjacent communities
build coastal defences, which can alter

O O

COUNTRY 2010 2030 2010 2030
ACUTE

Bahamas 300 4,000 90 100
Eritrea 150 650 10 15
Gambia 150 750 80 100
Guinea-Bissau 400 2250 150 200
Guyana 200 1000 150 150
Kiribati 90 550 80 85
Liberia 80 400

Madagascar 850 4000 100 200
Maldives 150 900 250 300
Marshall Islands 90 550 50 55
Mauritania 250 1500 15 0
Micronesia 30 20 15 15
Mozambique 1000 5250 3250 4750
Namibia 10 520 1 1
Palau 10 60 5 5

Papua New Guinea 550
Sao Tome and Principeld 80

Sierra Leone 200 1,000 45 65
SolomonIslands 300 1750 60 85
Somalia 750 3750 15100
Tuvalu 1 10 5 5
Vanuatu 100 700 15 Al
Belize 10 400 0 %
Cape Verde 40200 45 65
Comoros %150 20 30
Fiji 150 800 50 55
Guinea 250 1,500 5 10
Iceland 350 700 30 3
Myanmar 1750 9500 2250 2500
Nicaragua 400 2250 15 2

wave dynamics and exacerbate erosion
in nearby zones (Appeaning Addo and
Labri, 2009). This will pose an important
challenge for international adaptation
responses along contiguous coastlines
under threat, as was illustrated in

this report’s Ghana country study.

As mentioned earlier, unsustainable
resource use, such as water withdrawals
that lead to subsidence or the
destruction of mangrove forests, only
heightens vulnerabilities.

Where populations rely on ground
water for irrigation or drinking water,
particularly in small islands, salt
intrusion is a further serious concern
(Werner and Simmons, 2009). Lower-
income communities generally cannot
marshal the resources needed to protect
against the effects of sea-level rise, and
so must suffer the consequences of not
adapting: loss of land, contamination
of water sources, and growing dangers
from extreme weather. As is highlighted
in both the Ghana and Vietnam country
studies in this report, international
assistance is most often required

to support adaptation. Furthermore,
subsistence farmers who may not

have their land submerged may see
production decrease due to gradual
salt intrusion into soils. These effects
frustrate poverty reduction efforts in

© (3]

affected areas and drive rural-urban
migration (Dasgupta et al., 2009).

RESPONGES

Four different types of approaches

can be combined in a variety of

ways: 1) coastal defences, whether
“hard” through infrastructure defences
(gyrones, polders, sea walls, dykes)

or “soft”, such as sand-banking,
ecosystem, or a combination of these;
2) addressing human activities that
aggravate sea-level rise, from intensive
farming to ground water pumping for
irrigation, or upstream dams in delta
areas; 3) support programmes for
affected communities, such as rainwater
harvesting programmes; and 4), retreat
or land sacrifices, including relocation
and abandonment.

If the value of the land is deemed less
than the costs of protecting it, then land
is most likely to be let go (DIVA, 2003).
However, if communities are involved,
they would normally need support to
obtain new property and/or migrate and
resettle elsewhere (Warner et al., 2009).
As mentioned earlier, reducing upstream
irrigation loads, and retrofitting dam
infrastructure to allow more water and
sediment to flow downstream can help
counteract localized sea-level rise.

0 ©

THE INDICATOR

The indictor is deemed robust for
several reasons: first, the science
is firm on the increase in sea
levels over time around the world,
as recognized by the IPCC (IPCC,
2007). Second, there is relatively
low uncertainty compared to other
areas of climate change regarding
the scale and rates of change
between different models in the
near term (Rahmstorf, 2009).
Third, the indicator is built on

a high-resolution global model
(DIVA, 2003). Improvements in
the estimation of the complex set
of costs involved across countries
and in the actual model resolution,
now 75km segments, could
nevertheless further improve the
analysis going forward.

O O

2010 2030 COUNTRY 2010 2030 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 2010 2030
North Korea 1750 10000 1250 1250 10 30 | Brazl 3,250 20000 6750 8250 850 2500
Ell 00 | samoa 0150 15 15 Brunei 5 100 100 150 5 10
20 95 || Timor-Leste 95 600 25 1 Bulgaria 30 150 10 10
0 100 1 Tonga 0100 10 1 1 1 | cameroon 100 850 1250 1750 45 100
50 150 Canada 1500 3500 900 1,000 700 3,000
15 40 | AntiguaandBarbuda 10 10 55 10 1 1 | chile 550 2750 400 500 2000 4,500
100 20 | Argentina 4500 25000 650 800 150 300 | china 15,000150,000 40,000 45,000 250 350
Bl 15 | Bangladesh 1,250 20,000 40,000 45000 20 450 Colombia 30 2250 400 450 350 600
45 100 | cambodia 250 1750 2 25 2 45 © congo 30 150 100 150 5 5
Djibouti %150 60 8 1 | CostaRica 90 650 10 15 55 100
1 1| Dominica 5% 55 5 1 | Cote d,lvoire 150 750 10 %
350 300 | Estonia %0 1250 10 10 60 20 © Croatia 150 700 N A % 3
Gabon 400 2,000 % 150 200 © cuba 550 3000 350 450 1500 3500
100 300 | Grenada 80 0 % 1 1 | cyprus 0 4 0 0 1
850 2000 | Haiti 100 65 100 150 5 15 | Denmark 550 1000 1000 1250 100 %50
1 1 | Honduras 250 1,500 50 65 200 500 © Dominican Republic 100 700 30 35 150 300
950 1500 © panama 300 2000 90 100 150 400 | DR Congo 5 1 1 1 20 50
Saint Vincent n 1 20 % Ecuador 150 1000 450 500 400 900
35 85 | Senegal 00 1250 350 550 3% 15 | Egypt 1500 10,000 2250 3,250 200 450
10 20 | suriname 0400 80 9% i 100 | E1Salvador 55 300 50 60 5 15
45 150 | Uruguay 500 3250 150 200 5 10 | Equatorial Guinea 50 250 % 60
Vietnam 4,000 40,000 20,000 25,000 150 300 | Finland 85 150 %0 250 15 50
1 1 France 700 1250 2750 2750 100 150
Albania 40200 450 5 5 | Georgia 60 300 B5 10 50 100
% 40 | Aigeria 95 550 450 600 i 10 | Germany 1000 1750 2750 3,000 85 150
1 1 | Angola 100 650 550 800 400 950 Ghana 00 850 15 3%
Australia 800 1500 2250 2250 2500 1250 | Greece 250 500 300 380 Bl 50
10 %5 | Bahrain 9% 150 20 1 | Guatemala B0 400 Rt 10 20
45 100 | Barbados 0 3% % 1 1 | India 4,500 30,000 30,000 35,000 450 1,000
i 150 | Belgium 0 B 2250 2250 10 15 | Indonesia 2750 15000 15000 15000 2000 4500
350 1250 | Benin 2% 150 60 B85 Iran 350 2000 100 150 200 400
40 100 | Bosnia and Herzegovina 1 5 Iraq 20 150 250 350 1 1

e Additional economic costs due to climate change (million USD PPP) - yearly average

0 Additional persons affected due to climate change - yearly average
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CLIMATE VULNERABILITY
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COUNTRY 2010 2030 2010 2030 2010 2030
Ireland 250 500 300 300 5 10
Israel 0 4 10 15 1 1
Italy 20 550 1250 1500 Bl 50
Jamaica 75450 20 % 15 9%
Japan 950 2,000 6000 6250 50 80
Jordan 1 5

Kenya 00 900 200 300 20 60
Kuwait 5 500 100 150 5 15
Latvia 90 400 55 60 1 5
Lebanon 95 150 200

Libya 200 1,000 80 100 90 250

Lithuania 40200 30 3 1 10

Malaysia 900 5750 2250 2,500 250 450
Malta 1 5 % 30

Mauritius 20100 1 1
Mexico 2250 15000 1250 1750 1000 2,000
Morocco %0 1750 1250 1750 15 30
Netherlands 1250 1,250 15,000 15,000 20 %
New Zealand 200 400 8O0 650 450 1250
Nigeria 500 2500 150 200 750 2,000
Norway 500 1250 250 250 25 15
Oman 100 600 B4 10 20
Pakistan 500 2750 1000 1,250 100 250
Peru 150 1000 350 450 60 80

Philippines 850 4750 3500 4,000 350 850
Poland 00 850 200 200 15 3
Portugal 100 200 400 400 % i
Qatar 45 250 B0 8 1
Romania 80 400 150 150 90 200
Russia 3000 10000 1750 1750 400 1000
Saint Lucia 10 60 15 15

Saudi Arabia 300 1500 75100 Ll 90

COUNTRY 2010
Seychelles 15
Singapore 10
Slovenia 1
South Aftica 600
South Korea 2,500
Spain 200
Sri Lanka 150
Sudan/South Sudan 50
Sweden 150
Syria 10
Tanzania 200
Thailand 1,500
Togo 10
Trinidad and Tobago 50
Tunisia 500
Turkey 300
Ukraine 1,000
United Arab Emirates 50
United Kingdom 1500
United States 4,250
Venezuela 850
Yemen 160
LOW

Afghanistan

Armenia

Austria

Azerbaijan

Belarus

Bhutan

Bolivia

Botswana

Burkina Faso

2030
60
95
9
3,000
10,000
450
1,000
300
300
65
1,250

6750

300
2150
150
5,260
20
2150
9,000
5,000
1,250

2010
20
600

1

100
2500
1,000
800

1

950
10
1,500
5,250

65
500
850

2,000
2
5000
10,000
1,000

@Limited @ Partial

2030
%
100

1

200
2500
1,250
1,000
1

600
15
2,000
6,250

80
100
1,250
2250

5,200
15,000
1,250
100

2010

300
25,000
400
150

Considerable

©

COUNTRY 2010 2030 2010 2030 2010 2030
Burundi
Central African Republic
Chad

Czech Republic
Ethiopia
Hungary
Kazakhstan
Kyrgyzstan
Laos

Lesotho
Luxembourg
Macedonia
Malawi

Mali
Moldova
Mongolia
Nepal

Niger
Paraguay
Rwanda
Slovakia
Swaziland
Switzerland
Tajikistan
Turkmenistan
Uganda
Uzbekistan
Zambia

Zimbabwe

@ Additional land lost due climate change (km®) - yearly average



ol IMATES GLOBAL CLIMATE IMPACT @

150 | THE MONITOR | CLIMATE

2010 EFFECT TODAY

2 15
PERYEAR BILLION

2030 EFFECT TOMORROW
2 13
PERYEAR BILLION

(¢ YT

e6s%
20066 QP06

2010 2010 USD billion 2030

) S

SEVERITY aAlala)
AFFECTED =N Ny
INJUSTICE @
PRIRITY @&

MDG EFFECT ® 0D

$$$$$5 200

49 3

$SSSSSS$F 2000
72 3

@ seopuumoa vonersBLTY

Climate change brings extra rain as
warmer oceans evaporate more moisture

Water resources will not increase
everywhere: in places more rain may not
keep pace with strong heat

Longer, hotter summers deplete water
resources but melting glaciers can cause
short-term surges

Where less or more water is made
available to countries already facing
chronic water scarcity, losses or gains
match heightened marginal water
supply costs

Adapting to impacts of climate change
on water is feasible in most cases, but in
highly arid regions, solutions may prove
too costly

4,000 MEXI CO 30,000

9,000 FRANCE 25,000
so0 GERMANY 15

4,750 SPAIN 15,000
1,250 CZECH REPUBLIC 9,000

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 10,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



ater is an important

input to the full range

of economic activities

and is therefore

a crucial natural

resource with market
value (Morrison et al., 2009). Rainfall is
highly uncertain (Bloschl and Montanari,
2010). Two global climate change
projections could show mirror opposites
for a region like Brazil: one dry and the
other wet (Murray et al., 2012). A full
ensemble of IPCC models was used to
predict water supply change presented
here (Nohara et al., 2006). But selecting
only some models as opposed to others
would likely have produced a different
set of results. For some regions it is
more certain whether they will be dry
(such as Southern and Eastern Europe
and North Africa) or wet (North America,
East Asia). Others are completely
unsure about what the future holds
(Australasia, South America). In this
assessment, roughly half of all countries
are expected to either gain or have a no
impact. The other half will suffer losses.
Water is supplied according to specific
local conditions at the market price
(McKinsey & Company, 2009). However,
the price of water varies widely around
the world, from more than 8 dollars per
m3 in Denmark to less than 8 cents/m3

in parts of India (GWI, 2008). Generally
speaking, water costs a larger share

of income in most developed than

in developing countries. As a result,
climate change is contributing to a
worsening of water availability in the
Mediterranean basin, and generating a
large share of estimated global losses.

CLIMATE MECHANISM

Climate change increases rainfall
globally, since the planet’s water cycle
accelerates as it warms (Huntington,
2006). As temperature increases, so
does the overall moisture content of
the air and rain falls back to ground
levels (Allen and Ingram, 2002). More
moisture in the air from the world’s
oceans is the main contributor to the
water cycle’s acceleration (Syed et al.,
2010). However, much of the additional
rain falls in the far north or south
(Nohara et al., 2006).

Recent evidence shows that rainfall
has already declined in the tropics

and increased significantly in the far
north and south (Helm et al., 2010).
Even where more rainfall occurs, if
evaporation rates are high due to
greatly increased temperature, a loss of
water availability can result (Chu et al.,
2009). Long-term decline in the world’s

° SURGE

glaciers and longer drier summers also
aggravate water scarcity in certain
areas and lead to near-term surges in
flows elsewhere before declining again
(NSIDC, 2008; Immerzeel et al., 2012;
Marengo et al., 2011; Olefs et al.,
2009). Economic impacts will cause the
greatest challenges where water scarcity
and the cost of water are already high
(Morrison et al., 2009).

IMPACTS

The effect of climate change on water
scarcity is already estimated to cost
affected countries 45 million dollars

a year. However, 30 billion dollars

in yearly gains in water resources in
countries experiencing increasing water
availability mean a net global loss of 15
billion dollars a year. This net global loss
is stable at 15 billion dollars a year to
2030 and declines by three times as a
share of global GDP. By 2030, affected
countries will incur 200 billion dollars in
yearly losses, which are almost entirely
offset by similar levels of gains in other
countries.

The bulk of losses is estimated to affect
wealthy European countries, such as
France, Germany, Spain, and Italy.
Mexico and Turkey are also expected

to experience high losses in absolute
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terms. Canada, China, Japan, India, and
Russia are estimated here to recoup the
largest gains.

Southern and Eastern European
countries are estimated to be worst
affected relative to GDP, along with a
number of Central American countries,
such as Belize and Panama.

The impacts represent a possible
outcome of highly unpredictable rainfall
and should be treated with caution,
especially for countries in sub-regions
with considerable uncertainty about
the direction of change (wet or dry).

On a global level, the results could be
considered more robust since different
hydrological regimes will invariably
favour some and disfavour others in
terms of water availability.

THE BROADER CONTEXT

The world is experiencing a growing
water crisis. Between 2010 and 2030,
global water demand is expected to
increase by around 40%, requiring an
additional 3 trillion m3 of water, as
compared with a total global demand
of only 4.5 trillion m3 today, without
accounting for the possible impacts of
climate change (McKinsey & Company,
2009). This increase is driven largely
by population increases and economic

Q VULNERABILITY SHIFT
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M[]I]EI. Hoekstra et al., 2010; McKinsey and Company,
2009; Nohara, 2006; Portmann et al., 2010; Rosengrant

et al., 2002
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growth, which brings greater industry
demand for water. Over half of the water
gap is expected to be met through
infrastructure and other changes

which deviate from business-as-usual
approaches to water. Unless countries
develop more sophisticated responses
to dealing with the water supply, the
expense of closing this gap, while
technically possible, will become
increasingly cost-prohibitive, because
of the steep cost of generating water to
compensate for the water scarcity

in an economy.

VULNERABILITIES AND WIDER
OUTCOMES

Pollution, over-grazing, deforestation,
and other environmentally
unsustainable practices can all
exacerbate water scarcity (Economy,
2010). Farmers who must rely on rainfall
alone and who cannot afford or get
access to irrigation are highly vulnerable
to falling water availability. Water
insecurity can lead to food insecurity

in marginalized communities and to a
lack of water for sanitation and drinking,
leading to further negative health
consequences, or even violence and
conflict (Ludi, 2009; Raleigh, 2010).

(3]

COUNTRY 2010 2030
ACUTE

Armenia 0 500
Austria 2,000 6,000
Belarus 400 2500
Belize B %0
Bolivia 350 2,500
Bulgaria 600 4,000
Costa Rica 150 1,000
Croatia 700 4750
Czech Republic 1,250 9,000
El Salvador 150 1,000
France 9,000 25,000
Georgia 200 1250
Greece 900 2750
Guatemala 150 1250
Guyana 15 100
Honduras 80 650
Hungary 500 3500
Kyrgyzstan 40 300
Lesotho 10 85
Macedonia 100 850
Malta 40 100
Mexico 4,000 30,000
Moldova 30200
Nicaragua 1B 600
Panama 200 1250
Romania 1000 6150
Slovakia 700 5,000
Slovenia 400 2750
Spain 4750 15,000
Switzerland 800 2250
Tajikistan 45 300

planning for different outcomes can add
significantly to the costs of adaptation.
Five broad response areas are central
to effective water management: 1)
Enhancing catchment capacity or
access to supplies, through reservoirs
or wells for instance; 2) There is wide
scope for improving water efficiency in
many contexts (Wallace, 2000), from
micro-irrigation, to improved drainage
and re-use of water, lining canals and
limiting water leakage, as well as the
cultivation of more water-efficient crops
(Rodriguez Diaz et al., 2007; Wilby

and Dessai, 2010; Elliot et al., 2011);
3) Supporting improved institutional
environments to enable communities to
make and implement effective decisions
is critical (Rogers and Hall, 2003);

4) The vulnerability of communities

to water stress can also be reduced,
whether for socio-economic reasons
(e.g., subsistence farmers), pollution,
land degradation, or deforestation
(Sullivan, 2011; Kiparsky et al.,

2012; Epule et al., 2012; Postel and
Thompson, 2005); 5) GHG emission
reductions do not instantaneously slow
or accelerate the hydrological cycle, but
will limit the extent of changes in water
availability due to climate change in the
long term (Wu et al., 2010; Arnell

Economies heavily reliant on agriculture,
responsible for about 70% of global
water demand, are also more vulnerable
to water stress (FAO AQUASTAT, 2012).

RESPONSES

Managing water often requires
large-scale investment that can have
an important impact on longer-term
development prospects (Aerts and
Droogers in Kabat et al. (eds.), 2009).
Planning for the wrong outcome is
costly. Where uncertainty is high,

it is therefore vital that responses

are appropriate for a wide range of
possible outcomes, i.e., a wet or a dry

future (Dessai et al., 2009). However, etal.,, 2011).
o (s o
2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY
Ukraine 1,000 7,000 1 9 | Kiribati
0.25 0.50 R zimbabwe 30200 1 5 | Luxembourg
! i severe W
050 1 | Albania B0 0.25 0.50 | Marshall Islands
0.25 | Antigua and Barbuda 1 0 Mauritania
1 1 | Bahamas 15 100 Micronesia
1 1 | Barbados 10 10 Namibia
050 075 | Bosnia and Herzegovina 40300 0.25 | palau
050 1 | chile 400 3250 1 5 | Poland
0.5 1 | cote d,Ivoire 45 300 1 5 | Portugal
0.00 Cuba 150 1,250 Samoa
5 10 | pominica 1 10 Solomon Islands
0.75 1} Dominican Republic 100 950 South Africa
0.50 1 | Germany 5,000 15,000 1 5 | Suriname
0.75 1 | Grenada 1 15 Togo
Haiti 15 100 Tonga
075 1 | Jamaica 3B 280 Trinidad and Tobago
075 1 | saintLucia 1 20 Tuvalu
015 1§ saint Vincent 1 15 Uzbekistan
050 075 | swaziland 10 10 0.25 | vanuatu
0.25 050 Hturkey 1750 5500 10 20 Venezuela
20 35 | Afghanistan 3B 280 1 5 | Algeria
0.2 0.50 | Angola 0 450 1 1 | Burkina Faso
1 1 | Australia 750 2,000 0.50 1 | Cape Verde
015 1 | Azerbaijan 100 800 0.25 050 | cyprus
1 5 | Belgium 350 1,000 0.5 050 | Egypt
050 1 | Benin 10 [ 0.25 015 | Gambia
0.25 050 | Botswana 0100 0.25  Ghana
5 5 | Fiji 1 20 Iran
0.50 1 Guinea 10 60 0.25 075 " raq
015 1 | taly 2250 6750 1 5 | Israel

THE INDICATOR

The indicator measures costs of
changes in the re-supply of water
resources due to temperature and
precipitation changes caused by
climate change (Nohara et al.,
2006). It considers agricultural,
domestic/municipal and industrial
demand and country or region-
specific marginal water costs
(Rosengrant at al., 2002; McKinsey
& Company, 2009). A key limitation
not controlled for is that while
climate change may increase

water availability over a year, if it
does not fall when water demand
peaks in the absence of adequate
catchment, reservoir and irrigation
facilities, water scarcity may still
increase. It has been estimated that
around 20% of areas experiencing
increased water could also
experience an increase in water
scarcity, including India, Northern
China, and Europe (Yamamoto

et al., 2012). Since the indicator

is aggregating the country-level
picture of change, it is possible
that increases in water availability
for some parts of a country are not
compensating fully for decreases in
water availability elsewhere.

o o

2010 2030 2010 2030
1
a0 180
15 8% 075 1

1
v 4 0.2 0.2
1

0 % 0.25
1
300 6250 1 1
%0 100 0.25 0.25
1 9
1 9
950 3,500 9 9
0
C 1! 0.2 050
1 9
15 150 0.26
a0 300 0.50 1
1 9
350 2750 1 9
15 % 0.26
5 0.25
1 9
FR G|
I
1 9
0 5 0.2 0.2
300 2,250 1 1
I 025 025
0 6

e Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERABILITY

-

@Acute @Severe High ©Moderate @ Low

s

Vulnerability measure:
, comparative losses as
//" ashare of GDP in USD

(national)

@Limited @ Partial  Considerable

e —

o o o o o o

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Jordan 1 10 Equatorial Guinea B Oman <25 -200 -0.25
Lebanon 1 10 Eritrea Pakistan 10 80 02
Liberia 1 1 Estonia A0 800 02 050 | papuaNew Guinea 200 -850 5 5
Libya 1 5 Ethiopia 100 -650 -5 -5 Paraguay 25 200 025 050
Morocco 10 10 0.25 | Finland -1,000 -3,000 075 1
Peru 200 -1500 1 1

Netherlands 150 500 0.25 § Gabon 10 o
Saudi Arabia 0 180 0.25 |} Guinea-Bissau -1 Philippines Ao D 180 1
senegal s Ieeland 5 Qatar e [
Syria 06 025 | india 2000 15000 15 35 | Russia 250 5000 5 0
Tunisia 105 Indonesia 950 7500 0 20 | Rwanda T . ;T
Turkmenistan 10 15 025 | Ireland <250 100 0.5 -0.25 | SaoTome and Principe -1

Japan A0 0000 L 5] seyehelies 1 4
Argentina 150 1250 025 050 § Kazakhstan 00 30 02 025 | sierra Leone 1
Bahrain -1 -5 Kenya 65 -400 -1 -5 Singapore 250 2000
Bangladesh 25 00 050 1| Kuwait 1 Somalia 540 150 1
Bhutan 85 00 -050 -1 | Laos 0 750 1 1 South Korea 58 0% 050
Brazil -1250 10,000 5 10§ Latvia 55 -350 026 - ’ ’
Brunei 55 450 025 | Lithuania 20 150 Sri Lanka 1
Burundi 1 A0 %5 0% | Madagascar 15 Sudan/South Sudan A0 1 1
Cambodia A5 S0 025 050 | Malawi 1 025 | Sweden 1500 4,500 1 1
Cameroon 35 250 -0.75 -1 || Malaysia -800 -6,000 -1 -5 || Tanzania 200 -1.250 -5 -10
Canada 2500 7250 -1 -1 | Maldives 10 60 Thailand 300 -2.250 -1 -5
Central African Republic I I 14 050§ Mauritius A0 65 Timor-Leste 5%
Chad 25 150 050 -1 | Mongolia 10 Uganda a0 450 1 5
China -5,750 -60,000 -30 -55 | Mozambique - -5 United Arab Emirates 550
Colombia 250 -2,000 -1 -5 Myanmar 15 -600 -1 -5 United Kingdom 1250 400 0 ]
Comoros 1 1 Nepal 25 200 1 1 )
Congo 54 025 | NewZealand 9050 25 | United Sates 150 AW A
Denmark 65 -200 Niger A0 -5 -0.50 - | Uruguay 00
Diibouti 15 Nigeria 85 400 1 1 | Vietnam 100 1000 1 1
DR Congo 20 00 1 -5 | North Korea 20200 050 1 | Yemen A0 60 0% 0%
Ecuador 150 -5,500 -1 -5 | Norway -1,250 -4,000 075 1 | zambia -1 -5

o Additional water losses/gains due to climate change (km?) - yearly average
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DIARRHEAL INFECTIONS
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Diarrheal disease is one of the
leading causes of preventable death in
developing countries, especially among
children and infants

=2 Today, diarrheal diseases kill 2.5
million people per year globally

Germs causing these infections favour
warmer environments; as the planet
heats, the risks of diarrheal diseases will
worsen unless counteracting measures
are taken

40,000 I N D IA 85,000

-+ NIGERIA ...
3,250 PAKISTAN 9,250

3,50 ETHIOPIA 6500
3,500 DR CONGO 6,500

Q Deaths 0 @ = Deaths per 10 million

O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP




iarrheal infections are one of
the world’s top communicable
disease groups globally by
overall death toll (WHO,
1999; WHO BDD, 2011).
Food spoils more quickly and
water contamination accelerates at
higher temperatures, with the result
that diarrheal infection rates may
be 3-4 times higher in the summer
than in the winter. Too much water,
from flooding and contamination, or
too little water, causing difficulties in
treating/rehydrating the ill, are also
problematic (WHO, 2009). Diarrheal
disease influenced by climate change
is a major concern for developing
countries because risks are simply
higher: inadequate refrigeration, difficult
access to plumbed water in homes, or
sanitation, such as basic toilet facilities
(Bilenko et al, 1999; WHO, 2004,

Ashbolt, 2004). In order to save lives and

steadily reduce the prevalence of these
diseases, simple interventions from
vaccines to breastfeeding can prevent
death. Systemic improvements in water,
sanitation and hygiene are necessary for
a more comprehensive reduction in risks
(Jamison et al. (eds.), 2006).

(R ez prcTuRe

CLIMATE MECHANISM

Several climate parameters affect
diarrheal diseases from the level of
infectious agents (bacteria, pathogen
and viruses) through to population
level practices. Direct observation of
the effects of rising temperatures on
infectious agents shows increases in
disease replication rates and survival
duration (WHO, 2004). Temperature
changes also affect hospitalizations
rates, with noticeable percentage
increases in patient admissions as
temperatures rise above normal levels
(Checkley et al., 2000). Diarrheal
diseases are transmitted via the
fecal-oral route through food, water,
human contact, or contact with objects
such as cups (Dennehy, 2000). Key
types of infectious diarrhea include
cholera and rotavirus. Other factors
such as humidity and rainfall also
influence diarrhea. For instance,
extremely low rainfall can force people
in developing countries to make more
use of polluted waters, while too much
rain can contaminate unpolluted
waters (Hunter, 2003; Ashbolt, 2004).
Diarrheal diseases are also affected by
malnutrition rates, which are influenced
by climate change. This relationship is
studied under “Hunger” (WHO, 2004).

° SURGE

Q , DUETO
CLIMATE
CHANGE
2010
NOT DUE TO
CLIMATE CHANGE
' DUETO
CLIMATE
CHANGE
2030
NOT DUE TO
CLIMATE CHANGE

IMPACTS

Owing to general temperature increase,
the current impact of climate change on
diarrheal diseases is estimated to lead
to over 80,000 additional deaths per
year in developing countries. Each year,
over 100 million people are estimated
to be affected by diarrheal diseases
resulting from climate change.

By 2030, these impacts will increase

to over 150,000 deaths proportionate
to the future global population, taking
into account expected evolutions in the
disease in relation to socio-economic
development, unless measures are taken
to counteract them. Over 200 million
people could be affected by 2030.
Africa is by far the region worst affected
by diarrheal disease as result of the
effects of climate change, with more
than a dozen countries estimated

to be experiencing similarly extreme
levels of impact. Some parts of Asia,
particularly, Afghanistan, Pakistan, and
India are also particularly vulnerable.
In general, low-income and least
developed countries are significantly
worse off than middle income countries.
No significant impact is expected for
developed countries, but primarily
because of a higher level of public
awareness, and not because people in
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those countries are invulnerable (WHO,
2004; Bentham, 1997).

THE BROADER CONTEXT

While many preventable diseases

in developing countries are seeing
reductions in prevalence or declines
in growth rates, diarrheal diseases
have expanded rapidly since the year
2000, with nearly three quarters of a
million additional deaths worldwide
by 2010 (Mathers and Loncar, 2006;
WHO BDD, 2011). However, different
regions have evolved in different
ways. In the last 10 years, Africa has
worsened considerably, while East Asia
has markedly diminished its burden of
suffering from diarrheal disease.

VULNERABILITIES AND WIDER
OUTCOMES

Less than 1% of diarrheal disease
deaths occur in developed

countries. Lower-income countries
with already significant burdens of
diarrheal infections will face serious
challenges in combating the disease
as temperatures continue to rise,
since the same preconditions prevail.
Prevalence of diarrhea is closely linked

a VULNERABILITY SHIFT
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to income levels for two reasons: 1) the
main vulnerabilities relate to sanitation
and by association, hygiene, whereby
certain minimum standards in higher-
income countries are enough to greatly
reduce infection rates; and 2) deaths
from diarrhea are easily preventable,
especially among infants and toddlers,
but only when either medical treatment or
clean water are accessible and awareness
about treatments is widespread; this is,
unfortunately, not the case in many least
developed contexts (Ashbolt, 2004;
Jamison et al. (eds.), 2006).

While children make up more than
half of the death toll, the millions
who do survive what may often be
repeated illnesses can, in many
cases, be left with long-term cognitive
impairments (Niehaus et al., 2002).
Combined economic and social costs
constitute a serious impediment to
development progress for the world’s
poorest communities. With respect to
the Millennium Development Goals,

2 (universal education) and 4 (child
health) are particularly affected.

RESPONGES

Reponses are needed at the treatment
and prevention level. In terms of

o

treatment, simple water and salt, called
“oral rehydration” solutions (ORS) cost
next to nothing and can prevent death
from extreme dehydration, the most
common trigger of diarrheal mortality.
In terms of prevention, access to clean
water and basic sanitation are the
central concerns (WHO, 2009). In this
context, four sets of strategies are
commonplace: 1) vaccination, especially
against rotavirus and to a lesser extent
cholera, has the potential to save up to
half a million lives each year; 2) child

(1]

breastfeeding programmes which limit
the transmission of infections through
food and water to infants; 3) sanitation
improvements, in the form of improved
water sources for houses or small
communities, construction of wells, and
improved waste and latrine systems;
and 4) education programmes, which
target awareness about the other three
areas and which promote personal
hygiene through the use of soap and
other simple measures (Jamison et al.
(eds.), 2006).

o

THE INDICATOR

The indicator is deemed robust,
particularly because of its reliance
on temperature—among the most
certain of climate effects—as

the parameter for estimating a
climate effect and because of
the quality of the global health
database compiled by the WHO
on which the estimates are based
(WHO BDD, 2011). Nevertheless,
a number of improvements could
be envisioned: for example, the
WHO modelled the global effect on
the basis of two detailed studies,
which could benefit from further
expansion into different areas,
particularly detailed analysis

of climate change effects on
diarrhea in Africa (WHO, 2004).
Moreover, the model does not take
into account factors other than
temperature, such as humidity
and rainfall, nor does it take into
account effects for developed
countries which, while potentially
low in terms of mortality, could
be high in terms of the number

of illnesses; one study identified
a 9% increase in food poisoning
causing diarrhea in the UK for
every one degree increase in
temperature (Bentham, 1997).

o 0

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
% ACUTE Djibouti 15 2% 85 150 | Azerbaijan 15 10 9% 55
= | Afghanistan 2000 4000 2500 5000 | Eritrea 85 150 100 200 | Bolivia L) 450 450
g Angola 1250 1750 7750 10000 § Gambia 45 85 60 80 | Bosnia and Herzegovina 1
— | Benin 30 450 400 950 | Kenya 800 1,500 1,000 1750 | Bulgaria 1 1 1
= | Burkina Faso 900 1250 1000 1500 | Lesotho % 45 30 55 | Ecuador 5 15 100 80
= || Burundi 400 50 500 900§ Liberia 150 200 200 %0 Egypt 95 150 550 1,000

Cameroon 300 1250 1250 1500 § Madagascar 500 700 600 850 | Georgia 1 1 15 5

Central African Republic 150 250 200 350 | Mauritania 100 150 150 00 | Kyrgyzstan 15 5 15 10

Chad 900 1250 1,000 1500} Mozambique 550 950 650 1250 | Macedonia 1 1

Cote d'Ivoire 550 950 650 1250 | senegal 300 400 400 500 | Maldives 1 1 5

DR Congo 3500 6500 4500 8,000 | sudan/South Sudan 850 1,500 1,000 2,000 | Mauritius 1 1 5 10

Equatorial Guinea 25 35 200 300 | swaziland 15 30 100 200 Morocco 150 250 850 1500

Ethiopia 3500 6500 4500 8250 | Tanzania 1000 2000 1250 2250 | Nicaragua 15 15 15 15

Ghana 900 1250 1250 1500 ¥ Togo 150 250 200 300 | North Korea 80 100 [ 150

Guinea 400 550 500 100 Peru 45 3 %50 200

Guinea-Bissau 100 150 150 00 Algeria 350 500 2250 3000 | Poland 1 1 10 5

India 40,000 85000 50000 100,000 © Bangladesh 1250 2250 1,500 2150 | Romania 1 1 5 1

Malawi 450 800 550 1000 | Botswana 15 25 100 200 © Seychelles 1 1

Mali 950 1250 1250 1150 | cape Verde 5 5 25 35 | Slovakia 1 1

Niger 1000 1500 1250 L1150 | Gabon 0 30 200 %50 | Tajikistan 45 % 60 30

Nigeria 6750 9250 8250 10000 | Guatemala 150 150 850 800 | Turkey % 15 %50 150

Pakistan 3250 9250 4000 10000 | Haiti 150 100 200 150 | Turkmenistan 20 15 100 85

Rwanda 350 650 450 850 | iraq 300 850  L750 5000 © uzbekistan 5 35 10 45

Sierra Leone 350 450 400 550 | Myanmar 550 1,000 650 1250 MK

Somalia 550 1,000 100 1250 | Namibia 15 % 85 150§ Antigua and Barbuda

South Africa 1000 2000 9000 15000 © Nepal 300 550 350 650 | Argentina

Uganda 1,000 2,000 1,250 2,500 | SaoTome and Principe 1 5 1 5 | Australia

Zambia 400 750 500 950 | Yemen 400 850 500 1,000 | Austria

Zimbabwe 150 250 150 300 | Bahamas

Bhutan 10 20 10 % Bahrain 1

Comoros 0 30 % 35 | Albania 1 1 5 1 | Barbados

Congo 80 150 100 200 | Armenia 1 1 5 5 | Belarus

Q Additional mortality due to climate change - yearly average
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CLIMATE VULNERAB

Ty

=

@Acute @ Severe

s

High

Moderate @ Low

Vulnerability measure:

comparative mortality
as a share of population
(national)

COUNTRY
Belgium
Belize
Brazil
Brunei
Cambodia
Canada
Chile
China
Colombia
Costa Rica
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Dominica
Dominican Republic
El Salvador
Estonia
Fiji
Finland
France
Germany
Greece
Grenada
Guyana
Honduras
Hungary
Iceland
Indonesia
Iran
Ireland

CLIMATE UNCERTAIN

=

I

o

2010

100

950

100

2030

2010

150

3000

600

2030

COUNTRY
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kiribati
Kuwait

Laos

Latvia
Lebanon
Libya
Lithuania
Luxembourg
Malaysia
Malta
Marshall Islands
Mexico
Micronesia
Moldova
Mongolia
Netherlands
New Zealand
Norway
Oman

Palau
Panama
Papua New Guinea
Paraguay
Philippines
Portugal
Qatar

o

2010 2030

200

@Limited @ Partial
e o o

2010

2

15

4

10
30

1,250

Considerable

2030

COUNTRY 2010
Russia 5
Saint Lucia

Saint Vincent

Samoa

Saudi Arabia 15
Singapore

Slovenia

Solomon Islands 1
South Korea 5
Spain

Sri Lanka

Suriname

Sweden

Switzerland

Syria 15
Thailand

Timor-Leste

Tonga

Trinidad and Tobago

Tunisia 10
Tuvalu

Ukraine 1
United Arab Emirates

United Kingdom

United States

Uruguay

Vanuatu

Venezuela

Vietnam 90

2030 2010 2030
4

20

3%

85

95

100

0 Additional persons affected due to climate change (thousands) - yearly average change
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HEAT & COLD LLNESOES
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Extreme heat is dangerous, entails
high risks for the elderly, sufferers of
chronic cardiovascular and respiratory
diseases, and may increase skin
cancer rates

Shorter and less harsh winters
alleviate dangers for the same risk
groups and reduce the incidence of flu-
like illnesses

Some developed countries are
estimated to experience modest health
gains, as winters become less severe
on average

Effective responses to heat and cold
illnesses benefit from a restricted high-
risk group, concentrated on the elderly
and chronic disease sufferers, while
skin cancer risk is more diffuse in the
population

10,000 I N D IA 10,000

.« NIGERIA ...,
2,250 RU ss IA 3,000

2,000 UKRAINE 2,250
1,750 BANGLADESH 2,000

Q Deaths

O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 @ = Deaths per 10 million
.

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



hanges in the average levels

and the extremities of heat and

cold affect health. Increases in

hospitalization and mortality

rates are particularly evident

for those suffering from chronic
disease during heat waves (Michelozzi
etal., 2009). Vulnerabilities to extreme
hot and cold exist both in developed
and developing countries and involve
cardiovascular and respiratory diseases,
skin cancer, and influenza-like illnesses,
with both positive and negative effects.
In tropical developing countries,
exposure to heat is higher, especially
since air conditioning, being linked to
income, is less prevalent (Isaac and van
Vuuren, 2009). Nor do tropical countries
reap any of the potential benefits of
shorter, warmer winters. While cooler,
wealthy countries are likely to see
improved health outcomes, experts have
argued that even in developed countries,
heat-related deaths may be greater
than any gains from milder winters
(McMichael et al., 2006). In Europe for
example, 2003 was the hottest summer
in some 500 years and left an estimated
death toll of approximately 35,000-
70,000 additional deaths (Patz et al.,
2005; Robine et al., 2008). Scientists
have argued the extent to which such
extreme heat waves would be unlikely

without climate change (Hansen et
al., 2012). Reponses to the challenge
benefit from clearly delineated groups
among chronic disease sufferers. Skin
cancer risk is much more generalized
and presents a growing challenging
for the promotion of safe behavioural
adjustments for communities at risk
(Bharath and Turner, 2009).

CLIMATE MECHANISM

Warm spells and heat waves have
become more common and extreme,
cold spells less so (IPCC, 2007).
Because heat causes sweating, which
removes water from the blood, high
temperatures “thicken” blood, causing
heart attacks or strokes (Solonin and
Katsyuba, 2003). Sufferers of chronic
respiratory ilinesses, such as chronic
obstructive pulmonary disease are also
under additional stress during periods
of high heat, but reduced stress in cold
extremes. The elderly are another major
risk group, due in part to impaired body
temperature regulation (Lin et al., 2009;
Gosling et al., 2009). Populations

are thought to gradually acclimatize

to increasing heat up to a point, a
process for which the elderly are poorly
equipped to handle; however, the speed
of heat increase is outstripping the

° SURGE

capacity to acclimatize (Kennedy and
Munce, 2003; Kjellstrom, 2009b).

Skin cancer rates are expected to be
affected by behavioural change—as
people in colder climates spend more
time outdoors as the planet warms,
increasing the carcinogenicity of UV
radiation—and by the delay or speed

of recovery of the ozone layer, due

to temperature effects in the upper
atmosphere (Bharath and Turner, 2009;
Gilchrest et al., 1999; Waugh et al.,
2009). In some regions, ozone recovery
is speeded up through climate change;
in others, the recovery is slowed. Finally,
influenza-like illnesses, in particular
pneumonia, respond in complex ways to
weather, but are generally more prevalent
at lower temperatures, i.e., during winter,
with climate change reducing the risks
(van Noort et al., 2012).

IMPACTS

The global impact of climate change

on heat and cold-related ilinesses is
estimated at 35,000 additional deaths

a year in 2010, with one million more
people affected than would have been
the case without climate change. The net
figure includes approximately 45,000
deaths, mainly in developing countries,
and close to 10,000 deaths avoided in
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developed countries, which are expected
to see a net positive effect.

The worst affected countries are mainly
developing countries of Africa and
Asia, but include Russia and several
Commonwealth of Independent States
countries where chronic disease
burdens are very high. The largest

total effects occur in India, with over
10,000 deaths per year. Very high total
impacts are also seen in countries
such as Nigeria, Russia, the Ukraine,
Bangladesh, and DR Congo.

The death toll is expected to remain
relatively stable through to 2030, with
mortality increasing to 55,000 people,
but with avoided deaths also doubling
from 10,000 to 20,000 over the same
time period.

THE BROADER CONTEXT

The types of illnesses, particularly
non-communicable illnesses, that are
most affected by extreme heat and cold
fluctuations are widely prevalent in both
developed and developing countries.
The incidence of cardiovascular and
chronic respiratory diseases as well as
skin cancer have increased in the last
decade, while respiratory, including
influenza-like diseases have declined
(WHO BDD, 2000 and 2011).

Q VULNERABILITY SHIFT

2030 MggggEeEe 47
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M[]I]EI. Curriero et al., 2002; Knutti et al., 2008; Toulemon
and Barbieri, 2006; Van Noort et al., 2012
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VULNERABILITIES AND WIDER
OUTCOMES

Elderly populations are at the greatest
risk by far, with two-thirds of all
mortality in persons of 70 years of age,
and over 80% of all mortality in persons
over 60.

Countries with higher relative burdens
of cardiovascular risk and chronic
respiratory diseases have higher levels
of vulnerability. Those same sufferers
are less at risk of disease aggravation
during milder winters; so geography

is key: those in cold countries will
benefit, while those in warmer countries
will suffer more. Heat stress effects
are deemed also to be stronger in
tropical regions where temperatures
are already elevated, air conditioning
and insulation less prevalent, and
outdoor work more common (Kovats
and Hajat, 2008; Kjellstrom, 2009b).
Since most developing countries fall

in this category, there are negative
implications for poverty reduction

and development. Cities are more
vulnerable, because they exaggerate
extreme heat through the well-known
heat island effect (Campbell-Lendrum
and Corvalan, 2007).

More frequent and severe hot periods

o

COUNTRY 2010 2030
ACUTE

Armenia 15 85
Belarus %50 300
Bosnia and Herzegovina 50 85
Bulgaria 00 200
Burundi 150 200
Cameroon 30 450
Central African Republic 95 150
Chad 20 400
Comoros 10 15
Congo 0100
Cote d'lvoire 350 450
Croatia 55 15
Cuba 150 150
DR Congo 1250 2,000
Equatorial Guinea 15 20
Estonia 20 %
Gabon %A
Georgia 65 100
Germany 700 1250
Greece 150 200
Guinea 150 250
Guinea-Bissau % 40
Haiti 00 250
Honduras 150 150
Hungary 100 200
Italy 600 850
Latvia 45 60
Lesotho L] 3
Liberia 75180
Lithuania 0 5%
Macedonia 45 60

with sudden impacts will contribute

to temporary capacity overloads on
the health systems of affected areas,
which may lead to further degradations
in health services, with still additional
negative health outcomes (Frumkin
etal., 2007; Gosling et al., 2009).

The well-being and health of outdoor
workers especially in hot countries is

also seriously jeopardized (Kjellstrom
etal., 2009b).

RESPONGES

Responses include a variety of
measures from preventative (pre-

(1]

2010 2030 COUNTRY
Malawi
400 1250 | marshall Islands
6,000 6750 | Moldova
1,000 1500 § Mozambique
2000 250§ Namibia
6,250 9250 | Nigeria
15000 20,000 § Romania
4000 5500 f Russia
10000 15000 § seychelies
450 100§ somalia
S.U[]ﬂ 5.U[][] Suriname
15000 20,000 § swaziland
650 300§ Tuvalu
5,000 4750 | Ukraine
50000 85000 | zambia
950 850 I zimbabwe
100 150
1,250 17150 | Angola
1750 3000 | Antigua and Barbuda
B0.000 150,000 | Australia
15000 20,000 | Austria
6750 10000 § Bangladesh
1250 1750 || Barbados
8750 10000 | Benin
3750 4750 | Bolivia
4000 5250 | Brazil
60,000 95000 | Burkina Faso
1,500 1750} Djibouti
1,750 1500 || Dominica
3,250 5150 | Dominican Republic
-600 300 | ErSalvador
950 1250 | Eritrea

summer) health assessments, early-
warning procedures for heat spells,
and behaviour adjustments, such

as increasing fluid intake, adjusting
medication, and avoiding midday heat,
as well as increasing climate-controlled
indoor cooling or heightened vigilance
of high risk patients. Longer-term
measures might include changes to
building design and housing, improved
institutional care for the elderly, and
stricter controls on urban air pollution,
which seriously exacerbates the heat
effects of the summer hot spells
(Kovats and Hajat, 2008; Ayres

etal.,, 2009).

o (1)

2010 2030 2010 2030 COUNTRY
250 400 10000 15000 | Ethiopia
1 1 40 50 | Fiji
9% 15 1500 950 | Finland
400 550 15000 20,000 | Gambia
o 55 1250 1500 | Grenada
3000 4250 100000 150,000 | Guyana
300 400 15 6000 | india
2,250 3000 75000 90000 | Kenya
1 1 65 95 | Kyrgyzstan
150 250 5150 10000 | Madagascar
10 10 350 350 | Mauritania
25 30 800 900 | myanmar
5 5 | NewZealand
2000 2250 85000 60000 | Niger
250 400 10000 15000 | North Korea
0 250 8250 10000 | Poland
Rwanda
200 300 5,250 9000 | SaintVincent
1 1 40 40 || samoa
100 250 8000 20,000 § SaoTome and Principe
30 85 3,000 8750 || Senegal
1750 2000 70000 85000 | SierraLeone
5 1 150 100 | sudan/South Sudan
90 150 3780 5750 | Sweden
100 150 3250 4250 | Tanzania
1750 2000 50,000 55000 F Togo
15 250 6000 10,000 f Tonga
10 10 300 350§ Yemen
1 1 3 3
15 150 4000 4250 | Afghanistan
5 85 1500 2000 | Albania
45 65 150 2150 | Aigeria

THE INDICATOR

The indicator measures the impact
of new heat or cold patterns on
cardiovascular and respiratory
diseases, skin cancer, and
influenza-like illnesses (Curriero
et al., 2002; Bharath and Turner,
2009; Hill et al., 2010; van

Noort et al., 2012). Baseline
mortality is drawn from World
Health Organization disease data
(WHO BDD, 2011). The indicator
has corrected for the so-called
“harvesting effect”— i.e., climate
change merely shifts the timing of
mortality, as opposed to triggering
it, given the high share of morality
in already high-risk groups.
Baseline research from a wider set
of countries studies would help
improve the analysis, although the
basic mechanisms of heat stress
are understood to be broadly
similar from country to country
(Suchday et al., 2006). While

the temperature effect is highly
certain, other weather effects,
such as humidity, which plays a
key role, are more unpredictable.
The complex interplay of disease
and climate parameters for
influenza-like illnesses is
particularly difficult to map.

o

2010 2030 010 2030
750 1250 30,000 50,000
010 20 20
070 3000 650
w0 70 1,000

1 1 a0 a0
10 9 20 20

10,000 10,000 500,000 500,000
350 450 15000 20,000
60 75 1000 -600
200 350 9000 15000
0 45 1250 2,000
600 650 25000 30,000
050 1500 370
150 20 5500 970
150 300 7250 10,000
250 350 -3000  -15,000
100 160 5250 71250

100 160 4500 6500
100 3000 4750
600 850 25000 35000
45 %0 5500 10,000
350 550 15000 20000
9% 80 2250 3240

1 1 30 3
00 450 8250 20,000
%0 400 10,000 15000
o 1500 3240
150 200 4750 5780

@ Additional mortality due to climate change - yearly average
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@Acute @Severe High ©Moderate @ Low

s

as a share of population

@Limited @ Partial

s

Considerable

o (1] o 0 o 0

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Argentina 300 250 -9750 45000 © Micronesia 1 1 30 35 | Belgium 2 20 5500 9,250
Azerbaijan 25 65 2250  -5000 | Mongolia 15 10 100 100 | France 20 150 10000 30,000
Belize 1 1 85 100 © Morocco 100 150 3,500 4000 | cerand 1 50 150
T T E e | .
Botswana Nicaragua , ? X

Brunei I 1 100 15 | oman 015 s g0 | T
Cambodia 100 150 5000 5500 | Pakistan 1250 1750 S5000 75000 | Merevse LB LU
Canada B 00 10000 25000 | Palau 10 jp | Matta a0
Cape Verde 508 % 100 | Panama 5 750 400 | Mexico B0 95 5500 420
Colombia 0 30 B750 10000 | Papua New Guinea 60 80 2500 3500 | Netherlands A0 13000 8500
Costa Rica 20 25 850 1000 | Peru 100 150 3500 4000 | Norway 5 10 1,250 2750
Cyprus 5 10 600 900 © Philippines 700 800 20,000 25000 | Qatar 1 1 10 10
Czech Republic 30 70 -3000 -5250 | saintLucia 1 1 10 65 | south Korea 130 5000 15000
Denmark 15 30 2,500 5,250 Saudi Arabia 15 150 1250 10,000 Syria 10 10 300 300
Ecuador B0 70 1750 2000 © Singapore % 2% 220 2500 Tajkistan 50 00 1250
Egypt 450 500 10000 15000 | Siovakia 00 a5 |t - 5w
Ghana 00 %0 8250 10000 | Sovenia 510 %00 1500

Guatemala 90 100 2,500 3500 © Solomon Islands 5 5 150 200 | Turkmenistan % 5 S0 15000
Indonesia 1250 1250 35000 35000 | Spain 250 300 30000 45000 | United Arab Emirates SIS S L B
Iran 20 300 1250 8750 | sriLanka 90 150 2750 3750 ! Uruguay 0 10 170 5000
Iraq 100 150 3,500 4750 | Switzerland 15 40 2,000 [YsI LOW.

Israel 0 3% 2050 3000 | Thailand W0 30 550 9750 | chie 20 9280 25000
Jamaica 15 15 400 400 | Trinidad and Tobago 5 5 300 250 ¥ china -5.500 -15000 -500,000 -1.000,000
Kazakhstan 15 85  -8000 15000 | Turkey %0 500 10000 20,000 |} |etang 15 15 2950 900
Kiribati 11 2 2% | Uganda 20 50 1000 a0 | W0 A0 2000 50000
Laos 45 50 2000 2000 | Uzhekistan 00 300 250 1500 om0
Lebanon M0 1500 1750 | vanuaw 118 1 | Peraeay ' :
Libya D0 L0 1250 | venewela 50 180 0 7250 [ Porued o
Luxembourg I 1 100 400 ! Viewmam 150 30 20000 15000 | South Africa 300 1250 100,000 200,000
Maldives 1 1 25 [l MODERATE Timor-Leste

Mali 80 150 3500 5500 | Bahamas 11 0 70 | United Kingdom 55200 25000 40,000
Mauritius 5 5 200 300 | Bahrain 1 1 150 150 § United States -1,500 -3.250 -100,000 -250,000

Vulnerability measure:
comparative mortality

(national)

0 Additional persons affected due to climate change - yearly average
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HUNGER

lelll EFFECT TODAY

225,000
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200 million people affected are
estimated to suffer from food insecurity
as a result of climate change in lower-
income countries

Half of all such deaths are of children
and infants in the world’s poorest
communities, the group least responsible
for climate change

Although hunger is among the most
preventable causes of human death,
there are no quick fixes to the 850
million people facing hunger today

There are major ongoing food
emergencies and famine facing populations
in the Horn of Africa and the Sahel

100,000 I N D IA 250,000

10,000 PA KI STAN 25,000
9,750 BAN G LAD ESH 15,000

10,000 NIGERIA 10,000
7,500 INDONESIA 10,000

Q Deaths

O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 @ = Deaths per million
.

& Change in relation to overall global population and/or GDP




ifteen percent of all human beings
are undernourished and 850
million people are prevented from
leading active lives as a result of
hunger (FAO, 2011). The Millennium
Development Goal (MDG) target
for reducing hunger has remained static
since the early 1990s in all the world’s
developing regions. Despite enormous
increases in wealth over the last two
decades, the world has made almost
no progress on hunger and its roots in
the most extreme forms of poverty. A
humanitarian food emergency continues
in the Sahel and the Horn of Africa (HPN,
2012; Oxfam, 2012; CARE, 2012). It has
long been understood that drought is a
key trigger of famine and extreme drought
has also been closely linked to climate
change. (Glanz (ed.), 1987; Hansen et al.,
2012). The combined effects of climate
change on agricultural production on land,
rivers, coastal zones, and oceans reduces
disposable incomes and food availability
for the world’s poorest, especially in those
communities with the least resources to
adjust and diversify activities in the face
of warmer and more extreme weather
(Nelson et al., 2009; Allison et al., 2009).
When people are hungry for prolonged
periods, they not only suffer illness and
potentially death as a result of acute
nutritional imbalances, but may also

() ez prTuRe

Share of
total global
deaths

DUETO
CLIMATE
CHANGE
2010
NOT DUETO
CLIMATE CHANGE
' DUETO
CLIMATE
CHANGE
2030
NOT DUETO

CLIMATE CHANG

become seriously predisposed to illness
and death from other diseases, such as
pneumonia, diarrheal infections, malaria,
and measles, dramatically expanding the
death toll that is attributable to hunger
(WHO, 2004).

CLIMATE MECHANISM

The effects of climate change on
agriculture and fisheries are well covered
in other sections of this report and
extensively examined in the scientific,
development, and humanitarian
literature (IPCC, 2007; UNDP, 2007;
World Bank, 2010). Rising heat,
increasing variability, overabundance,
or absence of rainfall, flooding, drought,
disease and insect infestations are real
threats to agricultural communities
around the world (Parry et al., 2004;
Gregory et al., 2009). Coastal areas

are endangered by the rise in sea levels
and the depletion of fish populations
(Dasgupta et al., 2009; Allison et

al., 2009). Increasing temperatures

are making it difficult for subsistence
farmers to accomplish the same amount
of work in a given day and leave them
few options other than to go hungry
when food availability and/or incomes
fall below critical levels (Kjellstrom et
al., 2009b). Communities outside of the

° SURGE

subsistence spectrum are much better
able to adjust to the effects of climate
change and minimize losses.

IMPACTS

The global impact of climate change

on rates of hunger causes more than
200,000 deaths each year, half of
which are among children in low-income
countries. This implies that over 200
million people each year are affected

by hunger as a result of climate change.
Anticipated increases in socio-economic
development should continue to reduce
the global burden of malnutrition deaths
into the future (Mathers and Loncar,
2005). However, unless actions are taken
by 2030, nearly 400,000 lives could be
lost each year, and the number of people
affected could exceed 400 million.
Lower-income developing countries of
Africa and Asia are worst affected, with
Sub-Saharan Africa, least developed,
and land-locked developing countries
dominating the list of those hit hardest.
However, even as the scale of the
problem expands, researchers project

a decrease in the number of countries
suffering the most acute effects,
resulting from expected socio-economic
development over the next 20 years.
India suffers more than half of all the
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hunger effects of climate change, with
an estimated climate change-aggravated
death toll in excess of 100,000 people
yearly. Bangladesh, Indonesia, Nigeria,
and Pakistan are also heavily affected.

THE BROADER CONTEXT

Poverty is declining. Although serious
progress has been made on the MDGs,
despite the array of challenges faced,
the important goal for hunger is not
among the success stories (UN, 2012).
More than 2 million children die each
year solely as a result of undernutrition
(WHO, 2009). The number of people
living with hunger has been stable for
decades and remains undiminished

by the opposing forces of rapidly
expanding income and population
growth. Food prices adjusted to
inflation were at their highest in the
1960s and 1970s, declining until
around 2000, at which point they have
continued to rise, culminating in current
new highs (FAO, 2011).

VULNERABILITIES
AND WIDER OUTCOMES

The world’s poorest groups spend
virtually all their income on food,
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making them more vulnerable to
shifts in food prices. Issues affecting
food prices include fuel oil, food
preferences, population and income
growth, trade regulations, extreme
weather, and macroeconomic
sensitivities in commodity markets,
to name a few (FAO, 2011). Welfare

is most compromised when affected
communities are less able to take
autonomous action in response to
additional pressures from climate
change. By far the worst off are
subsistence, small-scale farmers, and
fishermen in developing countries
(Morton, 2007; Nelson et al., 2009).
Hunger stalls development progress.
This can be understood through
analysis of the effects that sickness
and death from hunger have across
the full spectrum of the MDGs. First,
Goal 1, aimed at eradicating hunger
itself. Goal 2, aimed at universalizing
primary education is affected, since
school attendance rates are lowest in
communities with the highest levels of
malnutrition; this, in turn, affects Goal
3 (gender equality), since it prevents
girls from beginning school (Glewwe
and Jacoby, 1993; UN, 2012). Goal 4,
which aims to reduce child mortality
is affected, since hunger is a vicious
killer of children and infants under 5—

o

COUNTRY 2010 2030
ACUTE

Afghanistan 5750 7500
Bangladesh 9750 15,000
Bhutan 60 150
Burkina Faso 1150 1750
Cameroon 1500 1750
Central African Republic 250 400
Chad 1250 1,500
DR Congo 4750 7500
Guinea-Bissau 00 200
Haiti 600 800
India 100,000 250,000
Myanmar 5250 7750
Nepal 2,000 2500
North Korea 1750 2,500
Pakistan 10,000 25,000
Sierra Leone 650 700
Somalia 1750 2,000
Sudan/South Sudan 3,250 4,000
Angola 1750 2,000
Benin 600 650
Bolivia 300 650
Burundi 400 600
Cote d'lvoire 850 1250
Djibouti 40 50
Equatorial Guinea 50 50
Ethiopia 3250 5,250
Gambia 85 90
Guatemala 500 1,000
Guinea 800 B850
Indonesia 1500 10,000

around 50% of all mortality). The close
interlinkages between malnutrition,
child and maternal health also imply
serious effects for maternal health
(Goal 5) (Black et al., 2008). Finally,
progress towards MDG Goal 6, aiming to
significantly reduce HIV/AIDS, malaria
and other diseases is also threatened,
since a majority of deaths from hunger
occur as a result of diseases for which
low weight is a key risk factor, especially
malaria, pneumonia, diarrheal diseases,
and measles (WHO, 2004).

RESPONSES

First and foremost is the humanitarian
imperative to intervene and avert

highly preventable deaths as a result of
hunger aggravated by climate change
(Parry et al., 2009). The inability of the
international community to defuse the
simultaneous and ongoing Horn of Africa
and Sahelean food crises is a testament
to the lack of preparedness and the
inadequacy of contemporary responses
to food security emergencies (Oxfam,
2012; CARE, 2012).

There is no vaccine for hunger. Decades
of development commitments and
foreign aid have not eradicated global
hunger. Trade conditions continue to
disfavour equitable food availability

(1]

2010 2030 COUNTRY
Iraq
5000 6500 | Liberia
10000 15000 | malawi
65 150 | mali
800 850 | Mozambique
150 800 | niger
150 20 || Nigeria
650 100 | south Africa
3,000 4,75[] Tanzania
85 90 | Timor-Leste
750 1000 | uganda
150,000 250,000 F zambia
5750 8,500
2,000 2150 | Algeria
2,000 2150 | cambodia
8750 20,000 | comoros
300 350 | congo
1,500 1750 Dominican Republic
2150 3500 © Ecuador
El Salvador
850 900 | Eritrea
300 300 | Gabon
400 850 | Ghana
250 400 | Guyana
550 850 | Honduras
3 45 Jamaica
25 25 | Kenya
2,000 3250 | Laos
40 45 Lesotho
650 1500 | Madagascar
400 400 | Maldives
9500 15000 | marshalllslands

for many of the world’s poor, and the
World Trade Organization negotiations
offer faint hope for the world’s most
vulnerable groups despite the solutions
proposed (FAO, 2011; Moser and Rose,
2012; Priyadarshi, 2009).

Development programmes, it is hoped,
will become more effective (Brown and
Funk, 2009). The Ghana country study in
this report emphasizes what steps must
be taken to counteract the pressure on
the disposable income of food-stressed
families and communities. Without these
sensible steps, it will be challenging to
adopt and sustain the wide range of
sensible technical or social protection
measures which could limit risks,
through insurance policies, new seed
and fertilizer purchases, or investments
in irrigation infrastructure, capital,
and financial resources (Parry et al.,
2009). Possibilities for expanding the
purchasing power of the most vulnerable
communities could be created through
the promotion of small-scale agricultural
industries that increase options for
farmers to access and sell their goods
in global supply chains. It is possible
to enable rural communities currently
locked out of global markets to benefit
from higher food prices, rather than,
as net importers of food, to suffer from
them (Swinnen and Squicciarinim, 2012).

o (1)

THE INDICATOR

The indicator measures the risk
for malnutrition and disease for
which low-weight is a principal
risk factor as a result of global
climate change (WHO, 2004).

It relies on the latest global
health data updated by the World
Health Organization (WHO BDD,
2011). Scientists and the IPCC
have recognized the challenges
of hunger in the context of
climate change. In addition to
socio-economic considerations,
which add layers of complexity
and potential error, the many
uncertainties related to impacts
on agriculture apply to hunger.
Nevertheless, the scientific
community is virtually unanimous
that lower-income groups are
profoundly affected by the
impacts of climate change on
agriculture (Loetze-Campen et
al. in Edenhofer et al., 2012). The
indicator could have benefitted
from the use of updated emission
scenarios than those upon which
the base model is built. The

base model includes carbon
fertilization, which is otherwise
considered a “carbon” issue in
this report.

o 0

2010 2030 2010 2030 COUNTRY
850 2,000 750 1750 | Mauritania
%0 250 100 150 | Mexico
650 1,000 400 650 | Morocco

1250 1500 650 700 Namibia

1000 1750 650 1000 | Nicaragua

1500 1750 750 800 | Papua New Guinea

10000 10000 5250 5500 | Peru
1250 1750 100 1250 | Rwanda
1500 2,500 950 1500 | saoTome and Principe
35 50 35 55 | Senegal

1500 2,250 850 1250 © srilanka

600 900 350 550 | Swaziland
Thailand

550 600 %50 300 | Togo
200 300 900 1250 | Yemen

3 3 15 20 Zimbabwe
150 200 80 150

100 200 250 450 | Antigua and Barbuda
200 350 250 450 | Argentina

1B 150 150 350 | Bahamas

85 180 a0 80 | Bahrain
40 45 0 20 | Barbados
900 950 450 450 | Belize

10 15 % 30 | Botswana

80 150 200 350 | Brazil

35 65 85 150 cape Verde
800 1250 500 750 chile

85 100 350 500 | china

30 50 20 30 | Colombia
600 650 300 300 | CostaRica

5 10 5 10 cyprus
1 1 1 5 | Dominica

2010 2030 2010 2030
10 150 1 1
1000 1750 2250 4000
500 600 450 500
5 20 30
150 90 20
% 20 450 300
650 1,250 800 1500
350 950 20 330
9 9 1 1
950 550 250 20
00 350 20 450
A} 15 2
1000 1500 120 2,000
20 300 150 150
1250 1500 1000 1500
20 400 150 250

1 1 1 1
300 500 650 1260
1 1 1 9

1 1 9 9

1 1 9 9

1 9 9 10
% 10 15
1250 2500 3000 5500
9 9 9 9

8 150 200 350
L1750 2750 7500 10,000
20 450 500 950
o1 15 %

1 1 9 10

1 1 1 1

Q Additional mortality due to climate change - yearly average
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@Acute @ Severe

High

Moderate @ Low

Vulnerability measure:
comparative mortality
as a share of population
(national)

COUNTRY
Egypt

Fiji

Grenada
Iran

Jordan
Kiribati
Kuwait
Lebanon
Libya
Malaysia
Mauritius
Micronesia
Mongolia
Oman

Palau
Panama
Paraguay
Philippines
Qatar

Saint Lucia
Saint Vincent
Samoa
Saudi Arabia
Seychelles
Solomon Islands
South Korea
Suriname
Syria

Tonga
Trinidad and Tobago
Tunisia
Tuvalu

CLIMATE UNCERTAIN

——

2010
600

1
1
1
9
1
9
9
1
0
1
9
9

o

o

—

[

2030
150

2010
950
15

COUNTRY
United Arab Emirates 5
Uruguay 25
Vanuatu 1
Venezuela 90
Vietnam 200
LOW

Albania

Armenia

Australia

Austria

Azerbaijan

Belarus

Belgium

Bosnia and Herzegovina

Brunei

Bulgaria

Canada

Croatia

Cuba

Czech Republic

Denmark

Estonia

Finland

France

Georgia

Germany

Greece

Hungary

Iceland

Ireland

Israel

Italy

@Limited @ Partial
e - -

2010 2030

10
i
1
150
20

2010
2
95

9
20
850

Considerable

o 0

COUNTRY 2010 2030 2010 2030
Japan
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Macedonia
Malta
Moldova
Netherlands
New Zealand
Norway
Poland
Portugal
Romania
Russia
Singapore
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
Turkey
Turkmenistan
Ukraine
United Kingdom
United States

Uzbekistan

0 Additional persons affected due to climate change (thousands) - yearly average
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Malaria is a large-scale cause of
iliness, with over 90% of deaths occurring
among children in tropical regions, in
particular in Africa and the Pacific

Malaria and other vector-borne
diseases have declined over the last
decade, as a result of poverty reduction
and anti-malaria programmes

Vector-borne diseases are sensitive

to climate; as climate becomes warmer
and wetter, changes to their prevalence
will slow and complicate efforts aimed at
eradication

Fighting vector-borne diseases

is highly cost effective; minimizing
vulnerability requires action to reduce or
eradicate prevalence and increase the
resilience of populations affected

. DR CONGO..

- . MOZAMBIQUE ...

1,750 TANZAN IA 1,750

1,500 UGANDA 1,500
2,250 NIGERIA 1,250

Q Deaths

O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

0 @ = Deaths per 10 million
.

& Change in relation to overall global population and/or GDP



major cause of illness in
developing countries, climate
change will worsen the burden
of vector-borne diseases,
although it is difficult to predict
with any precision the areas
that will be worst affected (IPCC, 2007).
Countries that already have serious
malaria burdens should expect to see
an aggravation of these diseases,
due to increasing temperatures and
other climate-related phenomena.
Such aggravations will be offset to
some degree through anticipated
socio-economic development in the
predominantly lower-income countries
in which these diseases are most
prevalent (Mathers and Loncar, 2005).
But vector-borne outbreaks are also re-
occurring in places where they have long
been absent: a yellow fever epidemic
in Uganda in 2010 was the first in 20
years (Rosenberg and Beard, 2011). As
climate change brings warmer weather to
colder places, the range of vector-borne
disease is also shifting from the tropics,
and to higher altitudes, as insects and
other vectors roam further afield. In the
US for instance, Leishmaniasis, a vector-
borne disease originating in Mexico and
Texas has begun to shift further north
(Gonzalez et al., 2010). Communities
now linked by globalization are also

() ez prcTuRe
Qi

DUETO
deaths CLIMATE
CHANGE
2010
NOT DUETO
CLIMATE CHANGE
' DUETO
CLIMATE
CHANGE
2030
NOT DUETO

CLIMATE CHANGE

becoming exposed to higher risks, as
illustrated for instance by a colony of
yellow fever mosquitoes recently found
in Holland (Enserink, 2010). Successful
international programmes fighting these
diseases should be reinforced in areas
of particular risk, in order to safeguard
against set-backs due to climate
change in the fight to eradicate malaria
and control other deadly vector-borne
diseases (WHO and RBMP, 2010).

CLIMATE MECHANISM

Climate change is understood to enable
the shift in vector-borne diseases like
malaria, dengue, and yellow fever in
several ways. As mountainous areas
warm up for instance, vectors, such

as mosquitos, would reach higher
altitudes and increase exposure to
disease in zones adjacent to affected
areas; the same can be said of higher
latitudes at the boundaries of current
areas of infection. Transmission
conditions and seasons are likely to
expand in warm areas where rainfall
used to be too low to support vectors,
but now will increase. Temperature
changes affect incubation rates and,
together with range changes, increase
the amount of time people are exposed
to insect bites (Jetten and Focks,

° SURGE

1997). However, transmission could
also decline, due either to a drop in
rainfall and temperature peaks—beyond
which diseases like malaria cannot
thrive—or due to very high rainfall that
washes away insect larvae (WHO,
2004 and 2011). At a smaller scale,
temperatures also influence the
survival rates of mosquitoes (Martens
etal., 1999). As was pointed out in

the Ghana country study in this report,
climate change also affects human
behaviour, as, for instance, when
people sleep outside on the hottest
nights without mosquito net protection,
significantly increasing their risk of
contracting vector-borne diseases.

IMPACTS

The impact of climate change on the key
vector-borne diseases of malaria, dengue
fever and yellow fever is estimated to be
over 20,000 deaths a year today, with 6
million people affected.

Fourteen African and Pacific island
countries are estimated to suffer Acute
and Severe levels of vulnerability to the
effects of climate change on vector-
borne disease; most of these countries
are land-locked developing countries,
such as the Central African Republic

or Zambia, or small island developing

HEALTH IMPACT 169

states, such as the Solomon Islands.
The greatest total effects are estimated
to occur in the DR Congo, with nearly
6,000 additional deaths due to vector-
borne diseases in 2010. Five other
countries also suffer large scale effects
in the thousands: Nigeria, Mozambique,
Tanzania, Uganda, and Cdte d’Ivoire.

By 2030, the effect of climate change
on malaria is expected not to change
since it is expected that there will be
continued large-scale reductions in

the prevalence of malaria, due mainly
to economic growth over this 20-year
period. In fact, as a proportion of
population, malaria is estimated to
decrease as a concern under

these assumptions.

THE BROADER CONTEAT

According to the World Health
Organization, malaria has undergone
a major reduction in its overall
prevalence in the last decade, falling
from 1.2 million deaths in 2000 to 0.8
million deaths in 2008. However, most
of the reduction occurred in the first
years of the decade: over the four-year
period between 2004 and 2008, there
was a reduction of only 60,000 deaths
(WHO BDD, 2000 and 2011). However,
even at lowered rates of death, malaria

a VULNERABILITY SHIFT

2030 AW 10
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2010 WA 14

2030 W5
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is considered one of the largest global
contributors to sickness. Interpretations
of the scale of the disease also vary
dramatically, with some estimating
more than 5 billion clinical episodes
that resemble, and could be
characterized as, malaria occurring in
endemic areas annually (DCPP, 2006).
Other factors, such as economic growth,
will likely compensate for increased
risks due to climate change, but they
will also slow efforts to eradicate these
diseases (Reiter, 2001).

Given that climate-aggravated malaria
is highly prevalent in impoverished

rural communities, delaying efforts to
eradicate the disease will also delay
development progress. As people in the
affected communities also have a high
propensity to migrate, malaria could
also be carried to new areas, generating
epidemics (Haleset al., 2000).

VULNERABILITIES AND WIDER
OUTCOMES

Experts have identified various
determinants of malaria and vector-
borne diseases. Environmental
conditions play an important role, such
as high temperatures, high rainfall,

o

and humidity, together with pools of
still, sun-drenched water (WHO, 2009).
Social vulnerabilities include the

level of education enabling people to
take preventative measures, such as
draining mosquito ponds, or address
environmental predispositions to
disease (Garg et al., 2009). Finally,
poverty seriously inhibits access to
medicine, vaccines, and preventative
measures, such as insecticides and bed
nets (Breman, 2001).

Given that some 6 million people are
affected, the economic productivity

of those worst hit communities is
jeopardized. For example, when
members of rural, subsistence families
lose working hours because of illness,
their already minimal disposable income
will be threatened further. The Ghana
country study in this report illustrated
how in malaria-infested areas, people
were often ill several times in a given
year. One study has showed how a 10%
reduction in malaria is associated with
a 0.3% increase in economic growth
(Gallup and Sachs, 2001). With over
90% of the death toll assessed here
affecting children under 15, a greater
challenge faces those making efforts to
improve child health, such as through
attainment of Millennium Development
Goal 4 for reducing child mortality.

(1]

RESPONSES

Responses are numerous and comprise
preventative and treatment-type
actions. Drugs and vaccines through
national or region-specific immunization
programmes (for dengue and yellow
fever, not malaria), insecticide-treated
bed nets, use of pesticides outdoors,
insecticide for personal use and
indoors, and civil engineering projects
to drain malaria breeding sites are all
key components of the anti-malaria and
vector-borne response toolkit. Access
to affordable health services, including
through low-cost health insurance, is
also critical for the speedy diagnosis
and treatment of disease. Education
and awareness can also help to raise
the level of preventative responses and
encourage health services to be sought
soon after the onset of symptoms.
Aside from civil infrastructure projects,
vector-borne disease control is
considered to be highly cost effective
(DCPP, 2006).

o (1)

THE INDICATOR

The indicator measures the
effect of climate change on
malaria, dengue fever, and yellow
fever, based on World Health
Organization research and data
(WHO, 2004; WHO BDD, 2011).
The climate change effect on
malaria is used as a proxy for
dengue and yellow fever, since
research suggests similar
mechanics apply (Epstein, 2001;
Hales et al., 2002). Uncertainties
in climate parameters, particularly
rainfall, environmental, and
socio-economic factors call into
question the reliability of all
estimations. The indicator is also
conservative from the perspective
that it does not take into account
a variety of other vector-borne

di , whose pr may
also be significantly influenced
by climate change, such as viral
encephalitis, schistosomiasis,
leishmaniasis, Lyme disease, and
onchocerciasis (WHO, 2003).

o

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
% ACUTE Niger %0 150 70000 40000 | Gambia 15 10 4000 2250
= | Central African Republic 400 400 100,000 100000 | nigeria 2250 1250 600000 400,000 | Ghana 100 85 30000 20000
g Congo 200 200 55000 85000 | Pperu 100 200 60000 100000 © Guatemala 1 5 800 1750
T | Cote d'voire 1,250 1250 300000 300,000 | philippines 450 900 250000 500,000 | Haiti 3% 45 10000 20,000
E DR Congo 6,000 5750 1500000 1500,000 | Rwanda 0 65 20000 20000 | Honduras 5 10 2500 6,000
é Malawi 600 600 150000 150000 © SierraLeone 150 75 35000 20000 | india 300 95,000
Mozambique 1750 1750 500,000 450,000 Iraq 5 15
Papua New Guinea 400 850 100,000 250000 © Afghanistan 10 15 2,150 6,000 © Jamaica 5 5
Tanzania 1750 1750 450000 450000 | Aigeria 5 5 | Japan 100 150
Uganda 1,500 1500 400,000 400,000 © Angola 150 90 65000 35000 | Kazakhstan 80 150
Zambia 600 600 150000 150,000 © Bangladesh 45 15000 | Lesotho % 3
Barbados 5 15 Liberia [l 25 10,000 6,750
Solomon Islands 0 15 5,250 4500 © Bhutan 100 Madagascar 15 10 4250 2,250
Somalia 200 200 50,000 60,000 | Botswana 1 1 400 400 | Malaysia 30 50 10000 20,000
Sudan/South Sudan 750 950 200,000 300,000 | Brazil 100 250 55000 100,000 | Maldives 15
Vanuatu 1 5 1250 2500 | canada 100 150 | Mali 150 90 45000 25,000
Zimbabwe %0 250 65000 60000 | cape Verde 5 1 | Marshall Islands 65 150
China 50 80 25000 45000 | Mauritania 10 5 3000 1750
Benin 9 B0 25000 20,000 | colombia 45 100 25000 55000 | Mexico 1 5 100 1,500
Bolivia B0 150 35000 70,000 | comoros 5 1 1000 550 | Micronesia 45 9%
Burkina Faso 350 200 90000 50000 | costaRica 20 55 | Moldova 3% 65
Burundi 150 150 40000 40,000 | Djibouti 1 1 350 400 | Morocco 1 5
Cambodia 90 90 25000 30000 | Dominica 10 15 © Myanmar 85 25,000
Cameroon 250 150 65000 40,000 | Dominican Republic 10 20 5250 10,000 © Nepal 1 450
Chad 250 150 65000 35000 © Ecuador 10 0 5500 10000 | Nicaragua 1 5 800 1750
Guinea 0 100 50000 35000 | Egypt 10 10 4250 5000 | Pakistan 100 400 40000 100000
Guinea-Bissau 30 0 8500 4750 | E1salvador 1 5 900 2000 | Palau 5 10
Guyana 1 5 800 1,250 | Equatorial Guinea 5 5 2,150 1,500 | Panama 1 1
Kenya 250 250 65000 70,000 | Eritrea 1 1 450 450 | Paraguay 1 5
Kiribati 1 1 150 350 | Ethiopia 400 400 100,000 100,000 | Russia 1 1 300 450
Laos 40 50 15000 20000 | Fi 1 1 350 550 | samoa 1 150 300
Namibia 30 30 10000 10000 | Gabon 5 5 2250 1500 || saoTome and Principe 40 20

Q Additional mortality due to climate change - yearly average
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CLIMATE VULNERABILITY

@Acute @Severe  OHigh

Moderate @ Low

Vulnerability measure:
comparative mortality
as a share of population
(national)

COUNTRY
Senegal
Singapore
South Africa
South Korea
Suriname
Swaziland
Togo

Tonga
Trinidad and Tobago
Tuvalu
Ukraine
United States
Venezuela
Vietnam
Yemen

LOW

Albania
Antigua and Barbuda
Argentina
Armenia
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Belarus
Belgium
Belize

Bosnia and Herzegovina
Brunei
Bulgaria
Chile

o

2030
65
1

2010
100
1

9

1

1

9
1
1

2010
30,000
20
2,000
350

(1)

2030
20,000
300
2,000
600
1,000

6,250
20

300
1,000
15,000
25,000
25,000

@Limited @ Partial
e - -

o 0

COUNTRY 2010 2030 2010 2030

Croatia
Cuba
Cyprus
Czech Republic
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Grenada
Hungary
Iceland
Indonesia
Iran
Ireland
Israel

Italy
Jordan
Kuwait
Kyrgyzstan
Latvia
Lebanon
Libya
Lithuania
Luxembourg
Macedonia
Malta
Mauritius
Mongolia
Netherlands

Considerable

COUNTRY 2010 2030 2010 2030
New Zealand
North Korea
Norway

Oman

Poland

Portugal

Qatar

Romania

Saint Lucia
Saint Vincent
Saudi Arabia
Seychelles
Slovakia
Slovenia

Spain

Sri Lanka
Sweden
Switzerland
Syria

Tajikistan
Thailand
Timor-Leste
Tunisia

Turkey
Turkmenistan
United Arab Emirates
United Kingdom
Uruguay
Uzbekistan

0 Additional persons affected due to climate change - yearly average
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Meningitis is growing worldwide and
claims around 350,000 lives a year

Humidity levels, wind, and dust are
linked to outbreaks of the disease,
factors actively influenced by climate
change

A “meningitis belt” stretches across
northern Sub-Saharan Africa from
Senegal to Ethiopia, sharing dusty and
dry conditions, favouring meningitis
Vaccines exist, but hundreds of
millions of people living in risk areas
around the world create a serious
challenge for mass immunization
Broader vulnerability measures, such
as health education campaigns and
improved sanitation will also be crucial

6,500 I N D IA 8,000

. NIGERIA ....
2,000 DR CONGO 3,750

2,000 ETHIOPIA 3,000
800 TANZANIA 1,250

Q Deaths 0 @ = Deaths per 10 million

O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP




eningitis is a lethal and
greatly feared disease in
affected areas, because
of the rapid onset of
symptoms and serious
risk of mortality, as well as
high rates of infection—as many as 1
per 1,000 in parts of the African Sahel
(Adamo et al., 2011). With mortality
having more than doubled since the
year 2000 and risks escalating as
a result of climate change, mass
inoculation is an attractive and life-
saving component of any response
to this growing challenge. However,
beyond tackling the disease itself, it
is also critical to address underlying
vulnerabilities, such as over-grazing,
soil degradation, deforestation, and
the lack of adequate sanitation.

CLIMATE MECHANISM

The fact that meningococcal meningitis
is largely a seasonal disease indicates
the extent to which its prevalence

is determined by weather-related
parameters directly affected by climate
change. Models that attempt to recreate
meningitis epidemics show a high
degree of success when calibrated with
climate and environmental parameters.
Meningitis epidemics are more likely to

(R iz prcTURe

occur during the hottest, driest periods
which are accompanied by high dust
content in the air, and thus most likely to
abate with the onset of the rainy season
(Molesworth et al., 2006). The bacteria
which causes meningitis is spread from
person to person through coughing
and sneezing, much like influenza or
the common cold, and can be spread
through poor sanitation (WHO, 2011;
Schonning and Stenstrom, 2004).
Bacteria can be present in a significant
proportion of a population in areas
affected by meningitis, but still

remain benign.

Dust is a key trigger, because it
damages the tissues of the nose and
throat, facilitating the passage of
pathogenic meningitis bacteria into the
bloodstream (Thomson et al., 2009).
Climate change affects both weather
(heat, humidity, wind) and the
environment (extent of vegetation or
desertification) and can increase heat,
dust, and wind, resulting in exposure
and creating peaks of meningitis (Patz et
al., 1996; Sultan et al., 2005). Climate
change intensifies those factors that
most determine meningitis outbreaks,
particularly humidity (drought) and
dust levels for areas that will become
more arid (Sheffield and Wood, 2008;
Prospero and Lamb, 2003).

IMPACTS

The global impact of climate change
on meningitis is estimated to cause
around 20,000 deaths a year in 2010,
with 50,000 people affected. Some 30
countries are acutely vulnerable to the
impact of climate change on meningitis
exclusively in Africa, both inside and
beyond the meningitis belt.

Least developed and landlocked
countries of Africa are significantly
more vulnerable than countries with
even marginally higher levels of
development. The largest impacts are
estimated to occur in India, with nearly
7,000 deaths, and in Nigeria, the DR
Congo, and Ethiopia, each of which is
estimated to have an annual death toll
in the thousands.

As incidence of the disease is rapidly
increasing, it is expected to moderately
expand through to 2030 and increase
proportionate to population growth,
claiming over 40,000 a year by 2030
with 80,000 people affected each year.

THE BROADER CONTEAT

Meningitis underwent explosive growth
in the first decade of the 21st century,
doubling from just over 150,000 deaths
in 2000, to well over 350,000 deaths a
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year by 2008—this in spite of a dramatic
increase in economic development
during that period. Meningitis is one of
the few communicable diseases to have
rapidly expanded in the past decade
(WHO BDD, 2011).

VULNERABILITIES AND WIDER
OUTCOMES

Pockets of environmental vulnerability
to meningitis exist around the world, but
outside of Africa, India makes up a large
share of the remainder of the global
burden of the disease. Environmental
predispositions to meningitis are
exacerbated through land degradation,
such as deforestation, over-irrigation,
and over-grazing—effects that also
generate the dry and dusty conditions
that are most favourable to meningitis
(Nicholson et al., 1998). The incidence
of meningitis is also closely related

to cramped living conditions and

poor sanitation, inadequate hygiene
and access to water, since infection

is carried through human contact,
coughing, and sneezing (WHO, 2011).
Levels of awareness and education can
affect understanding of the disease and
largely determine the measures taken
by individuals to prevent contracting the

° SURGE

a VULNERABILITY SHIFT
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disease (Nutbeam, 2000).

Given the high prevalence of meningitis
among some of the world’s poorest
communities, the impact of climate
change on the disease is a serious
concern for human development
progress (Arora, 2001). More tangibly,
the increasing prevalence of meningitis
with its high death rate among
children—around two-thirds of all
mortality—limits progress in lag regions
towards the achievement of Millennium
Development Goal 4, which aims to
tangibly reduce child mortality (WHO
BDD, 2011).

RESPONGES

Meningitis is one of the few major deadly
infectious diseases affecting developing
countries for which several effective
vaccines already exist. Immunization is

a particularly cost effective response.
There are now several success stories

in the fight against meningitis, where
programmes have managed to
significantly reduce the burden of the
disease (Kshirsagar et al., 2007; LaForce
and Okwo-Bele, 2011).

Given the large scale of the populations
at risk—in Africa alone comparable

to the entire population of the US—

full breadth vaccination becomes

o

prohibitively expensive, even using
the lowest-cost solutions available.

For this reason, response strategies
to meningitis outbreaks have favoured
early warning monitoring and vaccine
interventions at the community level,
when outbreaks of meningitis exceed
a certain threshold (LaForce et al.,
2007). Although newer, more effective
meningitis vaccines are currently being
disseminated in affected zones of the
Sahel which promise to dramatically
reduce the incidence of meningitis, it

(1]

could take a full decade to provide them
for the required numbers (Thomson et
al., 2009).

Improving sanitation and living
conditions, promoting education and
awareness, and tackling environmental
issues, including overgrazing,
deforestation and land degradation
will address the underlying causes

of meningitis, in addition to ensuring
the other well known benefits of such
actions (DCPP, 2006; Nutbeam, 2000;
Donohoe, 2003).

o (1)

THE INDICATOR

The indicator is a simple model
that relates the incidence of
meningitis to the incidence of
drought. Global changes in the
frequency of drought were linked
to a meningitis risk model and
population density, the indicator
being highly sensitive to the latter,
since close human contact is

a major vulnerability driver for
meningitis outbreaks (Sheffield
and Wood, 2007; Adamo et al.,
2011). The indicator then draws
on the main WHO database to
estimate how the current burden
of meningitis evolves as drought
incidence changes (WHO, 2011;
WHO BDD, 2011). Uncertainty in
relation to the climate effect is
present due to the unpredictability
of future rainfall patterns, a
determining factor of drought.

o

COUNTRY 20102030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 010 2030
ACUTE Congo n 0 65 100 | Pakistan 700 1000 1250 1750
i 500 850 850 1250 | Gambia 5 % Bl 40 | Senegal 100 150 150 250
Angola 500 900 1,250 2500 | Mmadagascar 200 300 300 500 | Sudan/South Sudan 350 550 550 900
Benin 20 350 350 600§ mauritania 45 15 0 100 jiki 55 80 85 150
Burkina Faso 300 600 300 330 | sao Tome and Principe 1 1 1 5 | Timor-Leste 5 5 10 10
Burundi 200 300 300 500 | swaziland 10 10 % 35 | Tunisia 45 60 100 150
Cameroon 50 700 800 1250 F1ogo 65 100 100 150 | Turk %3 60 95
Central African Rep 90 150 150 200 Uzbekistan 90 150 150 200
Chad 300 550 500 850 Algeria 150 200 350 550 Yemen 150 300 200 500
Comoros 15 2 2 35 | Armenia 10 10 0 %5 | Zimbabwe 85 100 150 200
Cote d,voire 50 B0 700 100D | Bangadest B0 B0 950 1250
DR Congo 2000 3750 3250 6000 | Bolivia 45 15 150 200 | Antigua and Barbuda
Equatorial Guinea 5% 50 85 | Botswana 15 15 45 55 | Argentina 0 5% 150 200
Ethiopia 2000 3000 3250 5,000 | cambodia 100 150 200 %0 | Azerbaijan W% 55 10
Guinea 250 400 400 600 cape Verde 1 5 5 10 1 1
Guinea-Bissau 65 100 100 150 © pjibouti 5 5 10 15 | Bahrain 1 1 5 10
Haiti 200 300 350 500 | Eritrea B % i 60 | Barbados 1 1
Liberia 90 150 150 300 | Gabon o 1 3 95 | Belize 1 1
Malawi 400 650 650 1000 | Ghana 9 150 150 200 | Brazil 200 300 550 150
Mali 50 400 400 850 | @ 5 %0 150 %50 | Brunei 1 1
Mozambique 400 550 600 900 | Honduras 2 35 55 90 chile 10 15 35 50
Niger 450 800 00 1250 © india 6500 8000 10000 15000 | china 800 850 2000 220
Nigeria 3500 5250 5500 8750 | raq 150 20 400 700 | Colombia % T8 150 200
Rwanda 150 250 250 400 | Kenya 200 300 350 450 | costaRica 5 5 10 15
Sierra Leone 150 300 300 450 | Kyrgyzstan AR 3% 5 | cuba 5 5 15 20
Somalia 150 250 250 450 | Laos 50 65 80 100 | cyprus 1 1
South Africa 00 700 2250 2,50 | Lesotho 15 20 Bl 30 | Dominica
Tanzania 800 1,250 1,250 2,000 | Mongolia 10 10 15 15 | Dominican Republic 15 20 40 60
Uganda 50 900 800 1500 © myanmar %0 300 400 500 | Ecuador A 55 80
Zambia 250 400 400 600 | Namibia n 1 2% 40 | Egypt 200 300 500 800
Nepal 100 200 200 300 | ElSalvador 10 15 Bl 4
Bhutan 5 10 10 15 | North Korea 90 100 150 150 | Georgia 5 5 15 15

9 Additional mortality due to climate change - yearly average
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Vulnerability measure:
comparative mortality
as a share of population
(national)

COUNTRY
Grenada
Guyana
Indonesia
Iran

Israel
Jamaica
Japan
Jordan
Kazakhstan
Kuwait
Lebanon
Libya
Malaysia
Maldives
Mauritius
Mexico
Morocco
Nicaragua
Oman
Panama
Paraguay
Peru
Philippines
Qatar
Russia
Saint Lucia
Saint Vincent
Saudi Arabia
Seychelles
Singapore
South Korea
Sri Lanka

2010

1
950
65

2030

1
650
90
9
10

2010

1
1,500
150
2%
15
230
2%
100

4
85

630

650
1

300
1

9
a0
1

COUNTRY
Suriname

Syria

Thailand
Trinidad and Tobago
Turkey

United Arab Emirates
Uruguay
Venezuela
Vietnam

LOW

Albania
Australia
Austria

Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Canada
Croatia

Czech Republic
Denmark
Estonia

Fiji

Finland

France
Germany
Greece
Hungary
Iceland

Ireland

Italy

Kiribati

2010 2030
1 1
N80
o 50

1 1
100 150
9 9

1 5
%4
08

@Limited @ Partial

2010

Considerable

o (1]

COUNTRY 2010 2030 2010 2030
Latvia

Lithuania
Luxembourg
Macedonia
Malta

Marshall Islands
Micronesia
Moldova
Netherlands
New Zealand
Norway

Palau

Papua New Guinea
Poland

Portugal
Romania

Samoa

Slovakia
Slovenia
Solomon Islands
Spain

Sweden
Switzerland
Tonga

Tuvalu

Ukraine

United Kingdom
United States
Vanuatu

0 Additional persons affected due to climate change (thousands) - yearly average
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AGRICULTURE

CONFIDENCE

V) INDICATIVE
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Land-based agriculture is the sector
worst affected by climate change, while
global demand for food and agricultural
products is booming

Africa is most vulnerable, but several
large Asian economies, small islands,
and parts of Latin America also suffer

The worst-affected economies
have the highest shares of agricultural
workers, so impacts will likely worsen
national unemployment

Adaptation responses abound, but
technical solutions are not viable where
farmers lack the means to take measures
or finance them

Extreme effects on rural
subsistence farmers clearly delays
human development, causing new
food emergencies

15,000 I N D IA 100,000

5,500 c H I NA 55,000
.0 PAKISTAN .5

1250 THAILAND 10,000
1,250 INDONESIA 9,500

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 10,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



griculture was one of the first

sectors widely recognized

to be heavily affected by

climate change (IPCC, 1990;

Cline, 1992). Agriculture is

one of the most significant
and best studied impacts of climate
change assessed in the Monitor, and
for many, the best known (Nordhaus
and Boyer, 1999). Within regions and
countries, some will be affected, while
others will benefit (Bindi and Olesen,
2011). Climate change will have a
particularly serious impact on farmers
with limited possibilities for adapting to
shifts in climate, e.g., by planting different
varieties of plants and implementing new
irrigation techniques (Kurukulasuriya
et al., 2006; Easterling in Hillel and
Rosenzweig (eds.), 2011). Agricultural
losses from climate change harm
subsistence farmers whose insufficient
income or capital reserves prevent them
from taking steps to adapt to weather
change (IPCC, 2007). In developing
countries with economies still heavily
reliant on agriculture, the negative effects
for this sector are estimated to be severe
and widespread (World Bank Data, 2012).
The research undertaken as a part of the
Monitor’s development underscored the
importance of empowering vulnerable
farmers to generate more value for their

@BIBBER PCTURE

Share of total
potential agriculture
prodution

products in order to break the vicious
spiral of poverty (see in particular the
Ghana country study).

CLIMATE MECHANISM

Climate change increases heat stress
and evaporation, and aggravates drought
(Hansen et al., 2007). While many of
these also change in relation to natural
weather phenomena such as El Nifio,
recent evidence suggests a shift to

more extreme warm weather conditions
(Jung et al., 2010; Hansen et al., 2012).
Climate change is altering the pattern of
rainfall, which may become more or less
abundant or more erratic (Kharin et al.,
2007). Rainfall shifts can damage those
crops and livestock, which are less suited
to the changing weather or susceptible

to disease or declining yield. Agricultural
losses can be measured when climate
deviates from optimal growing conditions,
resulting in lower yield per acre (Cline,
2007). Gradual changes can be
compounded by more extreme weather,
especially large-scale floods (Mueller
and Quisumbing, 2011).

IMPACTS

Globally, climate change is already
estimated to cause 50 billion dollars a

° SURGE

’ AFFECTED
BY CLIMATE
CHANGE
2010

NOT AFFECTED BY
CLIMATE CHANGE

year in agricultural losses, around 90%
of which occur in developing countries,
since the sector accounts for between
just 1-5% of GDP in most developed
countries. However, costs are still
relatively small in most countries,
except for a small handful of the most
vulnerable, some of whom are already
estimated to lose 1-2% of GDP.
Low-income and least developed
countries are more vulnerable and
suffer the most extreme effects,
creating serious concern for food
security. Regionally, Sub-Saharan Africa
is singled out, Central, East, and West
Africa most seriously. Latin America,
the Pacific, and parts of Asia also have
elevated levels of vulnerability. India
and China are currently estimated

to suffer the greatest share of the

total impact, each with 2010 losses
estimated at over 5 billion dollars a
year. A small fraction of countries are
expected to experience any gains in the
agricultural sector in the near future.
The scale of effect jumps rapidly over
the course of 20 years from less than
0.1% of global income in 2010, more
than doubling as a share of global GDP
to about 0.2% in 2030, or over 350
billion dollars in yearly losses. However,
the rate of increase in damage is
declining: as the share of global output

INDUSTRY STRESS 1179

in service and industrial sectors grows,
agriculture is expected to continue

to lose importance—in line with the
expansion of industrialization over the
next 20 years (OECD, 2012).

THE BROADER CONTEXT

e agricultural sector is
also struggling to meet the
food demands of growing
and wealthier populations
(FAOSTAT, 2012; Friedman,
2009). But climate change

is preventing the sector from meeting
this demand, as indicated by both
scientific research and statistical
analysis (Cline, 2007). It will also
lower the comparative advantage

of agriculture-based, lower-income
economies, with effects estimated

to be especially severe for Africa
(Nelson et al., 2009; Tol, 2011).
Nevertheless, carbon fertilization—
through which high concentrations of
CO02 in the atmosphere might improve
plant productivity and agricultural
outputs—is understood by researchers
to outweigh losses due to climate
change at least early on (Mendelsohn
in Griffin (ed.), 2003). This effect is
accounted for in the Carbon section
of the Monitor; where large-scale

a VULNERABILITY SHIFT
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benefits are estimated by the IPCC to
be possible, they never outweigh the
costs of climate change estimated
here (IPCC, 2007). Recent research
has been cautious about the practical
realisation of these benefits (Ainsworth
et al., 2008; Leaky et al., 2009). A
World Bank study recently suggested
that a high carbon fertilization effect
would reduce adaptation costs by less
than 10% (World Bank, 2010).

VULNERABILITIES AND WIDER
OUTCOMES

Underscoring the vulnerability of
developing countries, especially the
least developed, is the significance

at the national level of the size and
composition of the agricultural sector
in terms of output and workforce.

One of the few advantages that
small-scale farmers have over large
commercial operators is the ability

to adjust crop varieties or experiment
more readily with different crops.
Agricultural companies that practice
large-scale mono-cropping may suffer
correspondingly large losses, if climate
conditions shifted to the disadvantage
of the chosen crops (Brondizio and
Moran, 2008). Countries that rely

heavily on just one or two cash crops
face similar concerns, as is highlighted
in the Ghana country study in this
report. Poor environmental protection
also increases vulnerability, such

as when biodiversity losses inhibit
resistance to invasive species (Castree
et al. (eds.), 2009). In general,
rainfed-only agriculture is much

more vulnerable than irrigated land
(Kurukulasuriya et al., 2006).
Communities reliant on subsistence
farming are dangerously vulnerable, as
global warming accelerates; the World
Health Organization has estimated
climate change to be a major driver

of contemporary malnutrition (WHO,
2004). These health effects are
measured in the Health Impact section
of the Monitor.

Climate change is a major risk for
food insecurity, since a number of

the world’s food-insecure regions

are expected to experience the most
severe climate shocks (Lobell et al.,
2008). Indeed, climate effects on
agriculture harm development, since
they diminish the disposable incomes
of communities already struggling to
achieve gains (UNDP, 2007). They

also drive the seasonal rural-urban
migration of young adults, as shown by
the Ghana country study.

(3]

COUNTRY 2010 2030 COUNTRY

Laos
Afghanistan 85 100 | Liberia
Antigua and Barbuda 5 45 Madagascar
Bahamas 45 350§ Malawi
Belize 10 15 | Mali
Benin 90 800§ Marshall Islands
Bhutan 10 100§ mauritania
Bolivia 150 1250 § Micronesia
Brunei 15 650 Mozambique
Burkina Faso 10 450§ Nepal
Burundi 60 400 | Nicaragua
Cambodia 100 1500 § Niger
Cameroon 200 1250 | Pakistan
Cape Verde 5 45§ Palau
Central African Republic 50 350§ Papua New Guinea
Chad 60 400§ Paraguay
Congo 50 350 | Rwanda
Cote d'Ivoire 150 900§ saint Lucia
Djibouti 10 10§ saint Vincent
Dominica 5 25 | samoa
Eritrea 15 85 | Sao Tome and Principe
Ethiopia 450 3000 | senegal
Gabon 300 2,000 | sierra Leone
Gambia 15 100§ Solomon Islands
Ghana 200 1500 | somalia
Grenada 5 35 | Sudan/South Sudan
Guinea 150 900 | swaziland
Guinea-Bissau 15 100§ Tanzania
Haiti 35 300 | Timor-Leste
India 15000 100,000 | Togo
Jamaica 250 2,000 § Tonga
Kiribati 1 0 | Twalu

RESPONGES

The vast literature on the impact of
climate change on agriculture cannot

be summarized here. All societies

are understood to be “adaptive,” but
communities differ considerably in this
capacity (Adger et al., 2003; Dixon

et al., 2003). Response options vary
widely, including from large-scale or
micro irrigation infrastructure, to index-
based weather insurance, new/hybrid
seeds, and education/rural extension
programmes. The involvement of local
communities in the design of adaptation
measures is advised, so that initiatives
are feasible and practical (Smit and
Wandel, 2006). The Monitor’s country
studies emphasize that where farmers
cannot afford to take measures, efforts
should focus on increasing capacity for
investment and enabling local products
to access more lucrative global supply
chains and markets. Farmers with growing
incomes could make better use of parallel
extension schemes that offer appropriate
adaptation options. Development plans
that promote biodiversity and crop and
livestock diversification will also lower
vulnerability to plant and animal disease.
Macroeconomic risks can only be

offset by ensuring steady growth of less
sensitive industrial and service sectors.

(3]

THE INDICATOR

This Indicator relies on a recent
and comprehensive global

review of agricultural impacts of
climate change that combines

a wealth of experience from a
range of methods and models
(Cline, 2007). The difficulties in
predicting rainfall accurately make
some regions more uncertain
about agriculture outcomes.
Carbon fertilization or other
effects related to atmospheric
pollutants are not considered
here. The Monitor accounts for
the effect under Agriculture in the
Carbon section of this report.

(3]

2010 2030 COUNTRY 2010 2030
90 1000 § uganda 150 1000
15 100§ vanuatu 5 4

100 800§ zambia 85 600
150 1000 N Zzimbabwe 15 500
ORI severe |
1 15 | Bangladesh 650 5,500
40 250 || Costa Rica 100 850
5 30 | cuba 50 2000
100 800 | DR Congo 60 400
150 1250 | Ecuador 0 1500
55 450 | Fiji 10 15
65 450 | Honduras 15 600
1500 15000 | Lesotho 10 55
1 10 | Morocco 400 3,000
45 350 || Myanmar 200 1,500
150 1250 | Nigeria 900 6250
100 750 | Seychelles 5 30
5 50 | Thailand 1250 10,000
5 30 | uzbekistan 200 1,500
5 30 | vietnam 550 6,000
1 15§ Yemen 100 800
250 1750
30 200 | Albania 15 100
5 60 Algeria 00 2250
3% %0 Angola 15 1000
650 5000 © Argentina 550 4,500
15 100 | Bahrain % 200
350 2500 | Barbados 5 45
10 80 © Colombia 300 2,500
) 400 | comoros 1 5
5 25 | Dominican Republic 150 1,000
1 | ElSalvador 60 500

e Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE UNCERTAINTY __

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Georgia 15 100 ¥ venezuela 350 2750 | Mongolia 1 15
Guatemala 100 850 Netherlands 50 100
Guyana 5 55 | Armenia 5 45 7 North Korea 10 100
:ndonesia ggg %gg[ﬂ] /A\ustralia 4512 I,Ugg panama 20 150
ran ? 3 ustria

Iraq 150 1,000 | Azerbaijan 25 200 Poland D M
Jordan N 150 | Belaus g | Porued B
Kenya B0 400 | Belgum B g | et [
Kuwait 95 750 | Bosnia and Herzegovina 10 g0 | Romania 100 800
Kyrgyzstan 15 100 | Botswana 1 10 | Russia LA
Lebanon 0 550 | Brazil 900 6750 | Saudi Arabia 100 950
Libya 150 1,000 | Bulgaria 40 %0 | Slovakia 10 50
Macedonia 15 100 | canada 3 80 © siovenia 5 30
Malaysia 500 4000 © chile 150 800 7 south Korea 550 3250
Maldives 1 25 | China 5500 55,000 )

Mauritius % W0 | croatia 510 z;?t'z"enand 3?3 ng
Mexico 1,250 1750 | cyprus 1 1 N

Moldova 15 90 | Czech Republic 25 1y | Trinidad and Tobago 0 1s
Namibia 10 80 | Equatorial Guinea 5 50 | Ukraine 130 1230
Oman 80 500 | Estonia 5 20 | United Kingdom 60 150
Peru %50 2000 | France 300 700 1 United States 1,000 2,500
Philippines 550 4500 | Germany 90 00 WE

South Africa 550 3150 | Greece 200 450§ penmark 25 80
Sri Lanka 100 900 | Hungary 30 150 Egypt 350 2750
Suriname 5 35 Ireland 1 5 Finland 15 5
Syria 90 00 | Israel 80 450 tceland ]
Tajikistan 15 100 © italy 300 650

Turisia 15 1000 | Japen B0 o | Kezakhstan .
Turkey 1280 3000 | Latva 5 g | NewZedland 4 A
Turkmenistan 40 300 | Lithuania 15 100§ Norway - 1
United Arab Emirates 200 1500 | Luxembourg 1 || Singapore

Uruguay 30 250 | Malta 1§ Sweden -0 -40
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Climate change is not just occurring
over land, but also underwater

Water temperature also rises as the
planet heats up

Over 1,000 commercially exploited
fish species live in specific aquatic zones
already affected: the location of their
preferred waters shift as the tropics
reach temperatures with no analogue to
existing fish habitats and as cooler

seas disappear

Falling fish stocks will affect food
security and human development in
low-income fishing communities

Increasing the sustainability of
fishing operations and enhancing marine
conservation zones may alleviate

these strains

1,500 VI HNAM 25,000

1,500 CH I NA 15,000
1,250 PERU 15,000

700 THAILAND 8,500
650 INDONESIA 7,750

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 10,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



s climate change warms the
world’s oceans, seas, lakes.
and rivers, it is fundamentally
changing the marine habitat,
forcing fish to migrate or perish
(Perry et al., 2005; Ficke et al.,
2007; Rijnsdorp et al., 2009; Last et al.,
2010; Cheung et al., 2011; Engelhard,
2011). Some far northern or southern
zones may experience improved stocks
as sea ice recedes and fish from the
hottest waters seek relative cool (Hiddink
and Hofstede, 2008). Declines brought
about by climate change will only
increase over time as temperature rise
accelerates (Cheung et al., 2009). The
world’s fish stocks are in large-scale,
long-term decline, with the ocean fish
catch now half what it was 50 years ago
due to an increase in commercial catch
boats and unsustainable fishing (FAO,
2007; Watson et al., 2012). Climate
change is the most significant driver
of global marine ecosystem decline
(Halpern et al., 2008). Responding
effectively is challenging, since the
international cooperation and regulations
required are notoriously difficult to
conclude, monitor, and enforce (Barkin
in Dinar (ed.), 2011). In developing
countries hard hit by declining fish
stocks, food security and livelihoods are
at risk (Srinivasan et al., 2010).

@) o ecnee
© i

CLIMATE MECHANISM

Water temperature is a defining element
of fish habitat (Hoegh-Guldberg and
Bruno, 2010). Fish have low tolerance
for thermal extremes (Pértner and
Rainer Knust, 2007). Part of the
sea-level rise from climate change is
caused by the thermal expansion of the
seas as they warm (Domingues et al.,
2008). As equatorial waters undergo
unprecedented temperature increases
beyond familiar heat thresholds

for fish, the total available range of
habitats is disappearing (Cheung et

al., 2009). Nutrients are also declining
in the warmest waters and reefs suffer
as well (Brander, 2007; Munday et

al., 2008). Considering the range of
interconnected factors involved, from
biological processes to changes in
ocean current, the types of shocks that
could occur in oceans which cover more
than 70% of the planet’s surface may

be underestimated (Harley et al., 2006).

The increase in temperature in polar
waters shrinks the range of cold-water
fish habitats towards the finite limit of
the poles. Only the Arctic and southern
oceans are compensating species 10ss
by providing new ranges for an invasion
of fish from other regions. Nearer the
equator, decline will be permanent

° SURGE

' AFFECTED
BY CLIMATE
CHANGE
2010

NOT AFFECTED BY
CLIMATE CHANGE

(Cheung et al., 2009). Inland, similar
processes are underway, although with
little or no scope for fish migration,
depletion could be faster and more
permanent (Ficke et al., 2007).

IMPACTS

The current cost of climate change on
the fisheries sector is estimated to be
about 10 billion dollars a year. By 2030,
the impact is expected to more than
triple its share as a cost of global GDP,
when estimated losses will be over 160
billion dollars per year.

The Pacific, South and Southeast Asia,
and Africa, especially West Africa,

are the regions worst hit by fishery
sector losses due to climate change.
Vietnam and China are estimated to
suffer the greatest losses, with current
impacts estimated to be in excess of 1
billion dollars per year. Vietnam could
experience losses in excess of 20 billion
dollars per year by 2030. Bangladesh,
Indonesia, Myanmar, Morocco, Peru,
and Thailand are also experiencing
large-scale losses.

The countries with the most severe
impacts relative to GDP include small
island countries in the Pacific, such

as Vanuatu, Tuvalu, or Micronesia; in
the Indian Ocean, the Seychelles; and
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parts of West Africa, such as Sierra
Leone and Gambia. By 2030, losses for
these countries all exceed 4% of GDP.
As traditional livelihoods are eroded,
developing countries are worst affected,
including a number of least developed
countries and small island developing
states, raising serious concerns for food
security and poverty reduction efforts.
Only a handful of countries are expected
to gain from the large-scale ecosystem
shift, with the largest share attributed
to Norway, Russia, and Iceland, and
with total gains not exceeding 15 billion
dollars in 2030.

THE BROADER CONTEXT

Global fish catch is on a trend toward
predictable long-term expansion owing
to increases in aquaculture production
(Brander, 2007). Global fish stocks,

on the other hand, are experiencing a
predictable long-term decline, as the
number of commercial fishing craft has
increased ten-fold since the 1950s, and
25-fold in Asia (Watson et al., 2012).
Experts have estimated that marine
fisheries declined by 40% between
1970 and 2007 (Hutchings et al.,
2010). With or without climate change,
global fisheries are endangered (Halpern
etal., 2008). Unsustainable fishing

a VULNERABILITY SHIFT
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and environmentally unsound fishing
practices, such as poison dumping,

RESPONSES

leave hatcheries have the potential
to contaminate whole aquaculture

THE INDICATOR

use of narrow-gauge nets that capture
immature fish, bottom-dragging, and
illegal fishing are important factors

in the decline (Gray, 1997; Agnew et
al., 2009; FAO, 2012). Bringing these
practices under control will be key to
responding to climate change-related

Responses concern three main types of
fish zones where managed (aquaculture)
and unmanaged (commercial) fishing
are practised, including oceanic marine
fish stocks, inland lake or river fish, and
brackish or semi-salt waters.

In marine and inland environments,

farms or systems in an area. Therefore,
system-wide quality controls, from
hatcheries through nurseries to pre-
marketing grow-out ponds, will improve
end-to-end resilience and resistance to
disease. Here, water temperature is a
principal environmental factor (Gilad et

The indicator relies on a global
high resolution bio-climate study
that maps the change in preferred
water climates due to global
warming for over a thousand key
commercial species, as compared

fishery impacts.

VULNERABILITIES AND WIDER
OUTCOMES

Countries with the highest levels of

vulnerability are heavily dominated by
lower-income nations which depend to
a larger extent on fisheries as a share of
GDP and are located in highly exposed

latitudes or in particular geographical
configurations, such as those near
to closed water bodies (Allison et al.,
2009). Effects will be most severe

sustainable fisheries management
will be key. This can include the strict
setting and implementing of fishing
quotas, net size restrictions, poison
bans, and control of waters from

exploitation, including by foreign fishing
interests (Grieve and Short, 2007; FAO,
2007). When catch size reductions are
unavoidable, compensatory measures

can be implemented to ensure

that there is no loss in community
welfare; efforts can also be made to
diversify livelihoods (Sumaila and
Cheung, 2010). The establishment,
expansion, and conservation of fish

al., 2003).

As with agriculture, affected fisherfolk,

if given access to higher levels of
disposable income and diversified
livelihoods, will have more scope for

autonomous action (Teh et al., 2008).

With surging global demand for food
products, more benefits could be

gained through strategies that increase

the portion of the global value chain
enjoyed by small-scale fisherfolk,

as highlighted in the Ghana country
study in this report. One example is
the promotion of local light industrial
processing, such as freezing and

to their current habitats (Cheung
et al., 2010). The main limitation
is that the inland aspect of

the indicator relies on a study
carried out in one area (O'Reilly

et al., 2003). Ocean temperature
changes are fairly well studied and
understood and the economic data
from the UN Food and Agriculture
Organization is comprehensive and
accurate, all of which contributes
to the robustness of the indicator
(Domingues et al., 2008; FAOSTAT,
2012). Economic data on various
segments of global fishery
production could have been of a
higher standard for the purpose of

COUNTRY-LEVEL IMPACT

for subsistence or near-subsistence this analysis.

fisherfolk and fish-reliant communities,
both coastal and inland (Srinivasan et
al., 2010). The impacts of climate change
on the fishing sector will therefore have
significant effects on food security and
human development progress and will
likely feed migration trends (I0M, 2008;
Le Manach et al., 2012).

sanctuaries can also play an important
role in sustaining or even increasing
the resilience of stressed aquatic
ecosystems (Gray, 1997).

In brackish environments and in all
managed fishing regimes, the quality
of otherwise high-risk hatchery
production is vital. Post-larvae fish

or shrimp carrying disease as they

(3] (3] (3]

packaging works for marketing local fish
products through global supply chains.

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Tanzania N
Bangladesh 500 1750 | cameroon 10 850 | Thailand 100 8,500
Benin % 350 | chile 850 6500 | Tonga 1 10
Burundi 15 200 | Kenya 90 1250 Tunisia 90 1,000
Cambodia 150 3000 § Kiribati 1 10 uruguay 30 350
Central African Republic 10 150 | Liberia 1 %5 | Zimbabwe § 0
DR Congo 150 1750 | Namibia 30 300
Ecuador 300 3250 || Niger 15 200 | Aibania 1 2
Gambia 45 450 | Panama 85 1000 | migeria 30 350
Ghana 00 2250 | srilanka 150 2000 | Argentina 80 950
Guinea 55 550 | Suriname 10 100 | Armenia 1
Guyana % 300§ Togo 10 150 | Austria
Madagascar 65 700 Azerbaijan 5
Malawi 60 900 Angola 80 800 | Bahamas 1 3
Mali 60 850 | Bahrain 20 A0 | Belarus 1 9
Micronesia 15 150 | Belize 1 2 | Belgium 1 5
Morocco 650 1250 | Burkina Faso 10 150 | Bhutan 1
Mozambique 65 100 Cote d,Ivoire 0 200 | Bolivia 5 65
Myanmar 600 7500 © Fiji 5 85 | Bosnia and Herzegovina 1 10
Oman 200 2000 | Gabon 0 00 | Brazil 55 500
Palau 1 9 | Grenada 1 10 Brunei 1 30
Papua New Guinea 9 1250 | Indonesia 650 1150 | Bulgaria 1 25
Peru 1250 15000 | iran 450 5000 | china 1500 15,000
Samoa 5 40 | Laos 5 150 | Colombia i 500
Senegal 90 950 | Malaysia 500 5150 | congo 1 0
Seychelles 10 100 | Nicaragua 15 200 | Costa Rica 5 55
Sierra Leone 65 650 | Nigeria 300 3150 | Croatia 5 65
Tuvalu 1 15 | North Korea 20 300 | cuba 5 3
Uganda 200 3,000 | Philippines 450 5000 © cyprus 1 5
Vanuatu 80 950 | Solomon Islands 1 20 | Czech Republic 1 10
Vietnam 1500 25000 | South Africa 300 3000 | Denmark 3 100
Zambia 35 500 | Sudan/South Sudan 40 650 | Dominica 1

e Additional economic costs due to climate change (million USD PPP) - yearly average
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@Acute @ Severe
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High

Moderate @ Low

Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)

LI

COUNTRY
Dominican Republic
Egypt

El Salvador
Equatorial Guinea
Estonia
Ethiopia
Finland
France
Georgia
Germany
Greece
Guatemala
Haiti
Honduras
Hungary
India

Iraq

Ireland
Israel

Italy
Jamaica
Japan
Jordan
Kazakhstan
Kuwait
Kyrgyzstan
Latvia
Lebanon
Lesotho
Libya
Lithuania
Macedonia

MATE UNCERTAINTY

/

2010

%
15

150
3

300
150

COUNTRY
Malta
Mauritius
Mexico
Moldova
Nepal
Netherlands
New Zealand
Pakistan
Paraguay
Poland
Portugal
Qatar
Romania
Rwanda
Saint Lucia
Saudi Arabia
Singapore
Slovakia
Slovenia
South Korea
Spain
Swaziland
Sweden
Switzerland
Syria
Tajikistan
Timor-Leste
Trinidad and Tobago
Turkey
Turkmenistan
Ukraine
United Arab Emirates

@Limited @ Partial

400

9
40

Considerable

COUNTRY 2010 2030
United Kingdom 1 1
Uzbekistan 1 10
Venezuela 85 800

Afghanistan

Antigua and Barbuda

Australia 10 -25

Barbados

Botswana

Canada -45 -100

Cape Verde

Chad

Comoros

Djibouti

Eritrea

Guinea-Bissau

Iceland -350 1000

Luxembourg

Maldives

Marshall Islands

Mauritania

Mongolia

Norway 900 2750

Russia 1250 8,250

Saint Vincent

Sao Tome and Principe

Somalia

United States 300 1000

Yemen
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Climate change is shifting the world’s
climate zones as the planet warms

As this occurs, commercial and native
tree stands are becoming stranded in
climate zones with less than optimal
growing conditions

Many forests are suffering from
invasive species, more extreme weather,
and flooding, further compounding
stresses

As a result, forests in all regions of
the world are in decline or a state of flux,
although gains in forest area and growth
are evident in some regions

Reversing the large-scale, rampant
deforestation of recent decades would
help to attenuate new losses due to
climate change

2,500 BRAZI L 20,000

1,000 M EXICO 7,750
0 ANGOLA .50

a00 VENEZUELA 4500
400 BOLIVIA 4,250

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 100,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



orests cover nearly one-third of
the world’s land surface, and
both commercial and native
forests nearly everywhere are
affected by the changing climate
(Shvidenko et al. in Hassan et
al. (eds.), 2005; Bolte et al., 2009). The
potential for large-scale tree diebacks
and loss of vegetation and forest
biodiversity is considered significant.
As the planet warms, climate zones are
shifting, with stationary forests now in
inhospitable conditions, triggering rapid
decline and widespread tree mortality,
although in some cases forests may
be expanding into new areas (Gonzalez
etal., 2010). The permanence of
forests presents a unique challenge
in terms of long-term planning and
management, such as substituting
tree varieties, although this is not
a concern for seasonal crop-based
agriculture. Communities that rely on
forestry in threatened zones, including
indigenous groups, are particularly at
risk. If empowered through knowledge,
resources, and legal support, these
same communities can play a key role
in helping forests to adapt. Forests
are also a vital carbon sink, helping
to contain GHG emissions, which
widespread tree mortality counteracts
(Kurz et al., 2008).

() ez prTuRe

CLIMATE MECHANISM

Heat stress, increased propensity to
drought and flooding, all consistent

with climate change, can damage tree
growth and forest stands (Allen et al.,
2009; Lewis et al., 2011; Kramer et al.,
2008). Growing risks from fires, pests,
and disease are also of concern (Kurz et
al., 2008). Above all, it is the shift taking
place in forest habitats that outpaces the
ability of stationary forests to naturally
adapt (Shvidenko et al. in Hassan et al.
(eds.), 2005; Bonan, 2008). Particularly
affected are those tropical zones already
at the maximum heat threshold, which
will see further reductions in their
viability as rainfall decreases. Boreal
forests established at high altitudes or
forest stands on permanently frozen land
also risk the inevitable disappearance

of their natural habitat as warming
increases. Elsewhere forests have been
observed, and are expected, to grow
faster (McMahon et al., 2010).

IMPACTS

The impact of climate change on the
world’s commercial and native forests
is currently estimated to incur annual
losses of around 5 billion dollars,
increasing by 2030 to around 45 billion

° SURGE

Forest loss B 2%
compared to ' AFFECTED
total forest BY CLIMATE
1990 CHANGE
2010
NOT AFFECTED BY
CUMATE CHANGE _
' AFFECTED
BY CLIMATE
CHANGE
2030

NOT AFFECTED BY
CLIMATE CHANGE

dollars or triple the cost as a share

of global GDP.

Brazil and Mexico incur the largest
overall losses at around 10-20 billion
dollars a year in 2030. A number of
lower-income countries such as Angola,
Central African Republic, Timor Leste
and Zambia suffer the most severe
effects as a share of GDP. Other South
America countries, such as Bolivia,
Chile, Colombia, Paraguay, and
Venezuela are all also estimated to
experience large-scale impacts.

In general, developing countries on all
continents are significantly affected.
Among developed countries, Australia
and Canada stand out, as well as
those in Southern Europe, while Russia
incurs the largest scale losses among
industrialized nations.

The negative effects are quite
widespread, with around 50 countries
showing vulnerability levels of high or
above. Around 20 countries experience
gains that are mainly small in scale, with
the exception of Argentina, whose gains
are already significant, reaching almost
10 billion dollars a year in 2030.

THE BROADER CONTEAT

The Forestry sector is relatively stable,
with increasing value but fluctuating

INDUSTRY STRESS 1187

production over the last decade
(FAOSTAT, 2012). Demand for forest
products of all kinds including timber
is expected to increase significantly
over the coming decade. lllegal
logging and deforestation, especially
of native forests, remains a serious
and widespread concern, with rates
estimated at about 10 million hectares
per year—an area larger than Greece—
although in parts of Europe and North
America in particular reforestation is
significant (Shvidenko et al. in Hassan
et al. (eds.), 2005).

VULNERABILITIES AND WIDER
QUTCOMES

The size of forests as an economic
sector and their land area constitute
the main components of structural
vulnerability for countries in the
affected zones. In 2005, 25 countries
were estimated to have no remaining
forest cover; other countries have less
than 10% of forest cover remaining.
High rates of deforestation clearly also
accentuate vulnerability by diminishing
local bio-capacity to withstand changes
and increasing risks of invasive pests,
flooding, drought, and irrigation-driven
water stress (Shvidenko et al. in

a VULNERABILITY SHIFT

2030 @@ 2

ACUTE

>

SEVERE

2010 W6

2030
HIGH
2010

2030
MODERATE
2010

2030
Low
2010

2030 W7

2010 WAglo

14

36

55

0 INDICATOR INFORMATION

M[]I]EI. US Forest Service (2010)

EM|SS|[|N SEENAR'U SRES A1B (IPCC, 2000)
BASE DATA: Faosmar 2012)

@Acute @ Severe High Moderate @ Low

Q WA = 5 countries (rounded)
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Hassan et al. (eds.), 2005; Bolte et

al., 2009). Vegetation vulnerability is
widespread globally, with forest stands
at risk on every continent and in almost
all regions, and with Boreal conifer
and tropical broadleaf forests equally
threatened (Gonzalez et al., 2010).
Reliance on forests for market and
non-market benefits, from water

to biodiversity to wildlife or plant
products, is highest among lower-
income groups. Forest-based or
forest-reliant indigenous groups are
also heavily dependent on the health of
local forest stands (Munasinghe, 1993;
Salick and Byg, 2007). Accordingly,
lower-income countries and countries
with significant indigenous groups have
accentuated vulnerability to the impact
of climate change on forests. The loss of
vital ecological services as forests die
back or decline is a major concern for
human development (SCBD, 2009).

RESPONGES

Despite the challenges presented,
numerous responses can be foreseen
to stem forest decline as a result of
climate change or other man-made
factors. Stand substitution with more
suitable tree varieties can occur
progressively; however, the substitution

options for the hottest and driest
tropical zones are much more limited
than elsewhere. Planting, harvesting
and thinning regimes and schedules
can be adjusted in accordance with
altered local conditions (Bolte et

al., 2009). Expanding primary forest
conservation, particularly in high-risk
developing countries, is a priority,

o

COUNTRY 2010 2030 COUNTRY
Antigua and Barbuda
Angola 450 4500 Australia
Benin 20 W00 | Bulgaria
Bolivia 400 4,250 | cameroon
Brazil 2,500 20,000 © canada
Central African Republic 5 15 | Colombia
Chile 300 2000 | congo
Dominica 1 10 costaRica
Dominican Republic 55 600 | E1saivador
DR Congo 15 150 | Georgia
Guinea 10 100 ' Grenada
Honduras % 300 | Guatemala
Laos 5 100 | Macedonia
Mexico 1,000 1150 | Madagascar
Mozambique 75 100 malawi
Myanmar 50 600 | Mongolia
Nicaragua 10 150 | Sudan/South Sudan
Panama 3 400 | Thailand
Paraguay 100 1250 1 Togo
Tanzania 35 350
Timor-Leste 20 %0 Albania
Venezuela 400 4500 ¢ Armenia
Zambia 150 1500 | Azerbaijan
Barbados
Cambodia 10 150 | china
Cote d,Ivoire 10 100 | croatia
Cuba a0 450 | France
Ghana 15 150 | Greece
Saint Lucia 1 9 | Haiti
Saint Vincent 9 | Iceland
Sierra Leone 1 10 | India
Indonesia

but requires increasing capacity

to implement that will depend in

many cases on foreign assistance
(Lee and Jetz, 2008). Additional
adaptation strategies may include the
establishment and management of
biodiversity corridors that reinforce
self-supporting connections between
forest and non-forest ecosystems
(Tabarelli et al., 2010). Pest
management could be considered

in some managed forest situations.
Community forest programmes that
support local groups in taking a

more proactive involvement in forest
conservation and management or
sustainable agroforestry projects have
the potential to yield double dividends
for the environment and development
(Hella and Zavaleta, 2009). This

could be extended to specific support
to indigenous communities (Salick
and Byg, 2007). Finally, strong
environmental governance, especially
if it is community-based, is also key to
protecting forest ecosystems, including
threats from illegal or condoned
deforestation (Baltodano et al., (eds.),
2008). Payment for ecosystem services
has met with success in some countries
for preserving and enhancing forest
ecosystems, Costa Rica being a prime
example (Pagiola, 2006).

2010 2030 COUNTRY
1 Ireland
100 300 | raly
10 100 | Kazakhstan
10 90 | Kenya
150 500 | Kyrgyzstan
80 900 | Lesotho
1 20 Morocco
10 150 | Nepal
5 15 Nigeria
1 20 | North Korea
9 | Pakistan
10 150 Philippines
5 35 | Portugal
1 %5 | Russia
1 10 South Korea
1 30 Spain
10 100 © SriLanka
100 1500 | Sweden
1 10 | Switzerland
Tajikistan
1 | Turkey
1 5 | Ukraine
1 25 | United Kingdom
1 [ vietham
60 650
Afghanistan
30 90 | Aigeria
10 25 || Argentina
1 5 | Austria
Bahamas
10 80 | Bahrain
30 350 || Bangladesh

THE INDICATOR

The indicator considers the scale
of estimated shifts in the location
and area of different forest biomes
due to climate change (Gonzalez et
al, 2010). Forestry and biodiversity
losses are well recognized in
climate science, and are closely
linked to significant temperature
changes (IPCC, 2007). A key
limitation is the valuation method
for forests of commercial and
non-commercial types, including
all varieties of trees in every
continent. To simplify the problem,
generic values are used for topical
and non-tropical forest stands,
including bundled biodiversity
values (Costanza et al., 2007).

2010 2030
1 1
15 a0
9 15
9 30
1 9
9 7
1

2 200
1 9

1 15

1 30
9 20
150 850
1 15
3 100
1 15
10 2
1 1

1

9 2
1 10
9 10
1 20

950 10,000

e Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERABILITY
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Vulnerability measure:
, comparative losses as
//" ashare of GDP in USD

(national)

COUNTRY 2010 2030
Belarus -1 -15
Belgium

Belize

Bhutan

Bosnia and Herzegovina

Botswana

Brunei

Burkina Faso

Burundi

Cape Verde

Chad

Comoros

Cyprus

Czech Republic

Denmark

Djibouti

Ecuador -40 -500
Egypt

Equatorial Guinea

Eritrea

Estonia -1
Ethiopia

Fiji

Finland -5 -15
Gabon

Gambia

Germany -1 -10
Guinea-Bissau
Guyana
Hungary

Iran

Iraq

@Limited @ Partial
e - -

COUNTRY 2010
Israel

Jamaica

Japan -10

Jordan

Kiribati

Kuwait

Latvia

Lebanon

Liberia

Libya

Lithuania -1
Luxembourg

Malaysia

Maldives

Mali

Malta

Marshall Islands

Mauritania

Mauritius

Micronesia

Moldova

Namibia

Netherlands

New Zealand

Niger

Norway -1
Oman

Palau

Papua New Guinea

Peru -0
Poland -5
Qatar

Considerable

COUNTRY 2010 2030
Romania -1
Rwanda
Samoa

Sao Tome and Principe

Saudi Arabia

Senegal

Seychelles

Singapore

Slovakia

Slovenia

Solomon Islands

Somalia

South Africa -5 60
Suriname

Swaziland

Syria

Tonga

Trinidad and Tobago
Tunisia

Turkmenistan

Tuvalu

Uganda

United Arab Emirates
United States 90 -300
Uruguay -5 Rl
Uzbekistan

Vanuatu

Yemen

Zimbabwe
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HYDRD ENERGY
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The world will benefit from increasing
hydro energy wealth as climate change
brings more rain to many places

Some regions will be heavily affected
by localized reductions in rainfall and a
corresponding loss of energy potential
for existing hydropower installations

Additional hydro energy capacity can
already be foreseen in zones where there
is high certainty of more useable rainfall,
especially in high latitudes

The negative effects of hydro energy
can be offset by measures such as
expanding reservoirs to increase water
holding capacity in affected zones, and
through a forward-looking diversification
of energy supply

. UKRAINE ..

. ROMANIA ..
= TURKEY 2

25 IRAN 150
35 ITALY 100

e Economic Cost (2010 PPP non-discounted) 0 $ = Losses per 100,000 USD of GDP
O Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



ulnerability of hydropower

to climate effects can be

high: in Brazil in 2001,

intense drought was

a key contributor to a

“virtual breakdown” of
power generation from hydro sources,
a dominant energy supply for the
country (IPCC, 2012b). Such extreme
hydrological events are becoming more
common (IPCC, 2007; Hansen et al.,
2012). According to the assessment
made here, however, fewer than 20
countries would be negatively affected
to any significant degree, and many
more could benefit. This is because
water availability is increasing in many
areas of the world as a result of climate
change (Bates et al., 2008).
New opportunities will arise over the
next 30 years as precipitation increases
global hydro energy capacity, and
when access to this established clean
energy technology will be most needed.
Where reductions do occur, they may
be severe: a study of nearly 6,000
European hydro stations concluded that
25% reductions in power generation
could become a reality for the southern
and Mediterranean areas (Lehner et al.,
2005). Where the effects are likely to be
negative, economies should plan for a
diversification to other energy sources,

and mitigate the effects of rainfall loss
through measures such as reservoir
expansion. The intrinsic uncertainty

of rainfall will make planning for these
large-scale and capital-intensive energy
systems difficult (IPCC, 2012b).

CLIMATE MECHANISM

The hydro energy sector has recognized
sensitivities to climate change. This

is because climate change alters the
water cycle of the planet, notably
accelerating it and increasing the
amount of available rainfall, water, and
river flow (Huntington, 2006; Stromberg
etal., 2010). However, many countries
will not experience an improvement in
water availability, but will see declines,
as water replenishments fail to keep
pace with rising heat (Chu et al., 2009).
In the long term, melting glaciers may
further increase water scarcity, but in
the coming years it is likely to increase
water flows (Olefs et al., 2009). All
these factors can have an impact on
the power generation capacity of hydro
energy installations (Lehner et al.,
2001; Pereira de Lucena et al., 2009;
Hamududu and Killingtveit, 2012).
Globally, major rivers are expected to
increase in flow or decline depending on
local and regional climate conditions—

° SURGE

although these are uncertain for many
areas (Nohara et al., 2006). Evidence
tends to favour an increase in rainfall
(or runoff) in the far north and south,
and a decrease in tropical regions
(Helm et al., 2010).

IMPACTS

Given the still relatively small scale of
hydro power installations in the global
energy mix—although it is still by far the
largest source of renewable energy—the
positive effect worldwide is small at
around 4 billion dollars in 2010

(US EIA, 2011).

Losses by comparison are estimated at
around 0.5 billion dollars.

The worst affected zones are Southern
Europe and Central America, while

the largest total gains include China,
Canada, and the US, subject of course
to different degrees of uncertainty
linked to rainfall projections to 2030.
Between 2010 and 2030 the estimated
effect more than doubles as a
proportion of GDP, with around 25
billion dollars in yearly gains by 2030.
The number of worst affected countries
has more than doubled, and there is

a significant increase in gains among
the many countries that are projected
to benefit.
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THE BROADER CONTEXT

The hydro energy sector has undergone
continued expansion in recent
decades—although not as rapidly as
renewable energy technologies—and
is expected to continue to grow as a
source of power generation (US EIA,
2011; BP, 2012). Given the large-
scale up-front capital investment
involved and the long-term shelf life
of installations, careful consideration
should be given to new investments,
particularly since several episodes of
decline in water-fed energy supply have
already been observed in different
areas (IPCC, 2012b). Significant
opportunities to support an expansion
of hydro energy are emerging in some
areas, especially high-latitude regions
where there is much greater certainty
of increasing rainfall over the next 20
years and beyond (Bates et al., 2008;
Helm et al., 2010).

VULNERABILITIES AND WIDER
QUTCOMES

Watershed or water catchment capacity
in reservoirs is a key contributor to
resilience of hydro power installations,
since these can stock water during

Q VULNERABILITY SHIFT

2030 W7
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extended periods of drought, and

retain water deposited at inconvenient
times of the year and saved for later

use (IPCC, 2012b). Hydro installations
that are powered only by river flow and
not through a reservoir are particularly
exposed to diminished rainfall and
water runoff, as was pointed out in the
Vietnam country study in this report.
Whether environmental management

is poor or sound may also play a role:
for example, Costa Rica, one of the
countries worst hit, has begun to reverse
its deforestation process, which is
expected to result in improved watershed
capacity, although only high altitude or
mature forests are understood to add

to surrounding water supplies (Morse
etal., 2009; Postel and Thompson,
2005; Hamilton, 2008). Lower-income
countries are relatively well shielded
since investment in capital-intensive
hydro power installations in these
countries has so far been marginal
(UNEP Risoe, 2012). Both the Ghana and
Vietnam country studies in this report
highlight the potential negative effects
of hydro installations for coastal erosion,
which can compound climate change-
induced sea-level rise.

RESPONSES

Where energy potential is set to
decline, there are two main response
areas: first, undertaking or intensifying
measures aimed at improving the
supply of water through enhanced
watershed catchment and upstream
water resource conservation. Increasing
forest area and certain types of nature
reserves can help build up the water
capacity under certain conditions
(Postel and Thompson, 2005).
Depending on the type of installation,
expanding the size of drawing reservoirs
to stock more water may also provide a
buffer against declining rainfall. In more
arid regions, managing upstream water
consumption, such as irrigation, may
also yield positive results by lessening
water withdrawals (Kang et al., 2004).
Second, ensure diversification of
future energy investments away from
hydro power. At the same time, there

is a danger that affected economies
compensate for lost production in

the hydro energy sector through an
increase in carbon intensive modes

of energy supply. In some major
economies, experts have recently been
recommending further investment

in oil and gas energy generation as

a least-cost adaptation option for

o

COUNTRY 2010 2030 COUNTRY
iag
Albania 10 100 | israel
Bosnia and Herzegovina 15 100 | italy
Costa Rica 15 100 Jamaica
Honduras 10 10 Jordan
Macedonia b 30 | Lebanon
Panama 10 80 | Lithuania
Ukraine 150 800 | Moldova
Netherlands
Bulgaria 5 95 Poland
Croatia 10 15 | Portugal
Romania Bl %0 | Slovakia
Syria 20 100 | spain
Switzerland
Austria 10 N Low
El Salvador 5 35 | Afghanistan
Guatemala 10 50 || Algeria
Haiti 1 5§ Angola
New Zealand 10 25 | Antigua and Barbuda
Nicaragua 1 10 § Argentina
Slovenia 5 40 | Armenia
Turkey 85 250 || Azerbaijan
Bahamas
Australia 5 15§ Bahrain
Belarus Bangladesh
Belgium Barbados
Cuba 1 | Belize
Czech Republic 5 | Benin
Dominican Republic 1 20 | Bhutan
France % 100 | Bolivia
Greece 1 20 | Botswana
Iran % 150 | Brazil

hydro energy and other renewable
energy sources that may be affected
by climate change (Pereira de Lucena
etal., 2010). Conversely, certain
experts have argued that the promotion
of hydropower has caused serious
environmental damage and should be
reconsidered (Haya, 2007).

THE INDICATOR

The indicator maps changes in
river discharge in relation to
estimated effects of climate
change and the corresponding
effect on the global hydro-energy
potential of existing installations,
and draws on International Energy
Agency data (Lehner et al., 2001;
IEA, 2012b). Key limitations relate
to the scale of the information and
uncertainty in the direction and
maghnitude of rainfall changes.
The main model is geographically
limited to Europe, and effects

are extrapolated using river flow
information (Nohara et al., 2006).
Differences in anticipated changes
in rainfall patterns could mean
very different outcomes in river
discharge and energy potential

for those areas where there is less
agreement and certainty around
the direction of the change (Bates
et al., 2008; Hamududu and
Killingtveit, 2012).

(3]

2010 2030 COUNTRY 2010 2030
1 15 | Brunei
1 | Burkina Faso
3 100§ Burundi
1 1 | cambodia
1 | cameroon -5 -2
1 15 § canada -350 -800
Cape Verde
1 | Central African Republic
Chad
5 20 | chile 10 -60
-1 20§ china 2250 -20000
5 35 | Colombia -2 -100
10 95 || comoros
1 30 || congo -1
Cote d,Ivoire 1 -5
Cyprus
Denmark
1 -5 || Djibouti
Dominica
-2 -150 | DR Congo 5 -30
1 15 | Ecuador 5 -40
-5 -0 § Egypt 15 -95
Equatorial Guinea
Eritrea
1 -20 | Estonia
Ethiopia 1 10
Fiji
Finland 10 -30
Gabon 1 -
1 10§ Gambia
Georgia -15 15
-150 150§ Germany -10 -10

e Additional economic costs due to climate change (million USD PPP) - yearly average
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CLIMATE VULNERAB

Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)

@Limited @ Partial
e - -

Considerable

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Ghana -5 -35 || Micronesia South Africa -1 -
Grenada Mongolia South Korea 5 -4
Guinea Morocco 1 5 | sriLanka 10 55
Guinea-Bissau Mozambique -10 -55 Sudan/South Sudan 1 5
Guyana Myanmar -1 -15 )

Suriname
Hungary -1 § Namibia -1 -5 -
Iceland 5 -1} Nepal -5 -0 Swaziland
India 250 1500 | niger Sweden 4
Indonesia -10 15 | Nigeria -5 30 | Tajikistan 45 20
Ireland -1 -1} North Korea 25 -200 || Tanzania ! 15
Japan -80 150 § Norway 35 -150 | Thailand -10 -60
Kazakhstan 10 10 | oman Timor-Leste
Kenya 1 -5 | Pakistan -05 350§ Togo 1
Kiribati Palau Tonga
Kuwait Papua New Guinea Trinidad and Tobago
Kyrgyzstan -A0 2050 || Paraguay -0 -250 -

Tunisia -1
Laos Peru -10 15 )
Latvia -1 -15 |} Philippines 10 75 || Turkmenistan
Lesotho Qatar Tuvalu
Liberia Russia 300 -1500 § Uganda
Libya Rwanda United Arab Emirates
Luxembourg Saint Lucia United Kingdom -5 -5
Madagascar Saint Vincent United States -300 -100
Malawi Samoa Uruguay 5 |
Malaysia -10 -65 | SaoTome and Principe Usbekistan 15 20
Maldives Saudi Arabia
Mali Senegal Vanuatu
Valta Seychelles Venezuela -30 -200
Marshall Islands Sierra Leone Vietnam 3 300
Mauritania Singapore Yemen
Mauritius Solomon Islands Zambia -5 2

Mexico -60 -350 | Somalia Zimbabwe 1 15
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Impacts will affect tropical beaches
and island destinations reliant on
seaside and tropical reef tourism and
winter sports as low-elevation reefs die
and snowfall becomes unreliable

Extreme and hot weather will affect
tourism, but are not yet well understood

Net global impact of climate change
on tourism may not be negative; effects
may redistribute tourism revenues among
cooler countries with perceived climate
advantages

Adapting to impacts of climate change
on tourism is challenging

-.INDONESIA ....

1,250 MALAYS IA 10,000
800 INDIA 8,000

600 EGYPT 5,000
200 SRI LANKA 1,750

e Economic Cost (2010 PPP non-discounted)
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

0 $ = Losses per 10,000 USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



ourism is clearly a climate-
dependent sector. Weather
conditions affect business in
this sector, and general theory
on the impact of climate change
on tourism has been understood
to favour cooler countries over tropical
ones (Wall, 1998; Hamilton et al., 2005;
Amelung et al., 2007). Yet there are
exceptions: experts have suggested
that Switzerland may see half of its
ski stations become snow unreliable,
with the snow reliability altitude rising
from 1,200 metres today to over 1,800
metres, effectively stranding large,
profitable, and irreplaceable ski zones
(Elsasser and Biirki, 2002). Some
economists have put forward evidence
that the impact of climate change on
tourism might result in an overall loss to
global welfare (Berrittella et al., 2004).
Tourism is currently a fast growing
industry, however, and in the near
term it is more likely that any impacts
would instead trigger redistribution of
tourism revenues away from low- and
middle-income tropical coastal resorts
to other global destinations, in particular
high-income countries, which benefit
from more pleasant weather as the
planet warms (UNWTO, 2012; Harrison
etal., 1999). Experts have been unsure
about national outcomes for some

countries—such as the tourist magnet
France—which are exposed to a range

of positive and negative tourism-related
concerns (Ceron and Dubois, 2004). The
full range of possible effects for tourism
is large in scale, given the heavy reliance
on outdoor recreation and environmental
leisure activities (Jones and Phillips eds.,
2011). This assessment is anchored in
two relatively well-studied concerns:
decline of reef-based and low-elevation
winter sports tourism (Steiger, 2011;
ECLAC, 2011). In this way, the Monitor’s
tourism indicator serves to ensure

that adequate attention is given by
policymakers to the issue of tourism

and climate change, despite the lack

of comprehensiveness in analysis here,
since even through this narrow lens,
some countries may experience 1%
losses of GDP by 2030.

CLIMATE MECHANISM

The climate effect assessed here
examines only the effects for reef-based
and mountain tourism. The degradation
and bleaching of coral reefs and a
decline of tropical fish stocks is a clear
consequence of the steady warming of
the atmosphere and oceans (Hoegh-
Guldberg et al., 2007). Likewise, climate
propelled sea-level rise is leading to

° SURGE
il

coastal erosion, affecting beaches and
coral reefs (Nicholls and Cazenave,
2010). Cultural heritage sites around
the world’s coastlines are also affected
or threatened by this erosion (UNESCO,
2010). These effects penalize tourism
that has flourished in places where there
is an abundance of coral for diving and
other related pursuits (Uyarra et al.,
2005; ECLAC, 2011).

Other clear effects on tourism are a
general onset of shorter, milder winters,
long-term glacier decline and a snow-line
gradually gaining in elevation in mid- to
high-latitude regions (Euskirchen et al.,
2006; Kelly and Goulden, 2008). These
combined effects entail a slight and
gradual degradation of mountain resort
offerings, especially in low-elevation
areas, which in turn can limit revenues in
a high-risk industry (Koenigg and Abegg,
1997; Scott, 2003; Steiger, 2011).

IMPACTS

While the global effect is expected to be
cost neutral, losses to affected countries
are currently estimated at around 5
billion dollars a year, building to over 40
billion dollars, with an almost double
share of global GDP in losses by 2030.
Small island paradises such as the
Bahamas, the Maldives, and Fiji
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dominate the list of countries most
vulnerable to the negative effects

of climate change on tourism. More
marginal effects will also be felt in
traditional skiing destinations, such

as Australia, Austria, France, and
Switzerland.

By 2030, lost revenue in tourism

could cost upwards of 1% of GDP for
several of the worst affected small
island nations, although the greatest
overall losses will be incurred in larger
economies such as Egypt, Indonesia, or
Malaysia. The effects for winter tourism
host countries are expected to be
marginal on a national scale, but could
be highly unfavourable to mountain
communities, which rely on short, peak
seasons for the bulk of annual profits.
Around 20-30 countries are estimated
to experience serious effects; losses are
estimated to be redistributed among
high-latitude countries where domestic
and foreign tourism is expected to
improve along with favourable climate
change. High-altitude ski resorts may
also see surges in demand.

THE BROADER CONTEXT

Tourism is a major growth industry
globally, due especially to income
and population trends that bolster

Q VULNERABILITY SHIFT
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the leisure sector (UNWTO, 2012).
Given this growth, it is unlikely that
any areas will experience significant
absolute declines in revenues in the
next few years (Hamilton et al., 2005).
However, some niches in the industry
grow more slowly than others: ski trips
to mountain resorts have been stable
over the last decade (Vanat, 2011).
The broader industry context suggests
that countries are more likely to have
the growth of their tourism revenue
slowed, rather than incur absolute
losses, at least in the near term. This
assessment represents an estimate
of the potential opportunity cost for
affected communities.

VULNERABILITIES AND WIDER
OUTCOMES

KPMG identified the tourism sector as
one of the industries most vulnerable
to climate change, especially in light
of physical risks, but also as one of
the industries least prepared and
therefore most likely to incur losses
(KPMG, 2008). Geography clearly
plays a role in physical risk, given the
emphasis some experts have given

to winners and losers in the global
tourism industry depending on latitude

(Amelung et al., 2007). The risks of
coastal and mountain dependent
tourist zones are also covered above.
The size of the tourism sector and the
level of its exposure to climate-related
risks are the key determinants of
vulnerability. Particularly in small island
states, tourism is a large-scale revenue
generator, whose remote locations
allow unique access to a lucrative
global market (Uyarra et al., 2005).
Long-term sector decline could damage
national income prospects and state
expenditure on public goods such as
schools, since tourism is an important
form of public revenue in popular areas
(Archabald and Naughton-Treves, 2001;
Gooroochurn and Sinclair, 2005).

RESPONGES

In many cases, adaptation will
require a diversification of the

value offering of affected market
segments, diversification away

from long-term tourism-based

risks where possible, and support

or rehabilitation programmes to
assist worst affected communities.
Overcoming the unpreparedness of
the sector to address climate stresses
through awareness and education at
different levels is of vital importance

o

COUNTRY 2010 2030 COUNTRY
Madagascar

Antigua and Barbuda 10 100 | Mozambique

Bahamas 65 550 | Tanzania

Barbados 40 400 | Tonga

Dominica 9 30 | United Arab Emirates

Fiji 20 200 ¥ Yemen

Grenada 1 %

Jamaica 100 950 | Armenia

Kiribati 1 10 Australia

Malaysia 1250 10000 © Austria

Maldives 15 150 | Bosnia and Herzegovina

Marshall Islands 1 5 | czech Republic

Micronesia 1 15 | Eritrea

Palau 1 9 | Finland

Saint Lucia 10 100 © France

Saint Vincent 5 % | Georgia

Samoa 5 35 | Germany

Seychelles 15 100 | Haiti

Solomon Islands 5 45 | Hungary

Sri Lanka 200 1180 | india

Timor-Leste 5 65 | ttaly

Trinidad and Tobago 100 900 | myanmar

Tuvalu 1 | NewZealand

Vanuatu 10 100 © Norway

Papua New Guinea

Cuba 150 1250 | Qatar

Egypt 600 5000 | Saudi Arabia

Indonesia 1250 10000 | Slovakia

Slovenia

Bahrain 15 150 | spain

Belize 1 20 | Sudan/South Sudan

Djibouti 1 15 | Sweden

(Scott, 2011). However, the lack of
preparedness of the sector underscores
fundamental gaps in current response
strategies (Scott et al., 2009). A variety
of quite costly coastal conservation
measures exist to stem beach and
coastland erosion, but are unlikely to
render such places more attractive

to tourists (Klein et al., 2001).

Strong environmental protection and
sustainable fishing regulations, along
with the promotion and expansion of
natural marine reserves or mangrove
forests can also help to boost local
ecosystem resilience against coral
and fish stock decline (Hughes et al.,
2003; Corcoran et al., 2007). For
low-elevation winter ski spots, relying
on energy-intensive snow-making

can assist to some degree, but would
constitute a paradoxical response to
the locally felt effect of global climate
change on these vulnerable mountain
tourist areas (Dawson et al., 2009).
More generally, experts have raised
concern about the potential for the
tourism sector to become a major
contributor to GHG emissions in the
coming decades (Scott et al., 2010).

THE INDICATOR

The indicator measures the effects
of the loss in tourism revenue
potential in tropical seaside
resorts and winter ski resorts,
based only on two separate
studies on the question (Steiger,
2011; ECLAC, 2011). Given the
climate factors involved, such

as ocean temperatures and the
length and temperature of winter
ski seasons, the IPCC has been
firm on the anticipated effects

for the tourism industry (IPCC,
2007). The indicator should still
be considered only to address the
types of effects countries with a
heavy reliance on reef and winter
tourism might face. The main
limitation is the lack of scope of
the indicator, which captures only
a fraction of the broader problem.

(3]

2010 2030 COUNTRY 2010 2030
15 100 © switzerland A0 90
10 65 © Turkey 1
% 200 WX

1 5 | Afghanistan
150 1500 | Atbania
30 250§ Algeria
Angola
Argentina 10 -85
150 400 || Azerbaijan
55 300 | Bangladesh
5 | Belarus 1 -2
5 70 | Belgium 1 1
1 10§ Benin
1 5§ Bhutan
30 200 | Bolivia
Botswana
10 10 Brazil
1 25 | Brunei
1 5 | Bulgaria 1 -5
800 8,000 | Burkina Faso
15 85 | Burundi
10 95 || cambodia
1 5 || cameroon
1 15§ Canada -100 -200
1 25 | Cape Verde
10 80 | Central African Republic
100 1000 | chad
9 50 | chile 1 15
1 25 | China -3500  -40.000
5 30§ Colombia
10 60 § comoros
1 15 | Ccongo

e Additional economic costs due to climate change (million USD PPP) - yearly average
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Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)

@Limited @ Partial  Considerable
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COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Costa Rica Laos Portugal
Cote d,Ivoire Latvia -1 -1 | Romania 1 10
Croatia Lebanon Russia -65 500
Cyprus 1 1 Lesotho Rwanda
Denmark - . Liberia Sao Tome and Principe
Dominican Republic Libya s |
DR Congo Lithuania 1 5 | e
Ecuador Luxembourg Sigrra Leone
El Salvador Macedonia Singapore
Equatorial Guinea Malawi Somalia
Estonia 1§ Mali South Africa -60 -400
Ethiopia Malta South Korea -3 -150
Gabon Mauritania Suriname
Gambia Mauritius Swaziland
Ghana Mexico .
Syria
Greece Moldova -1 o
X Tajikistan
Guatemala Mongolia -1 -5
. Thailand
Guinea Morocco
Guinea-Bissau Namibia Togo
Guyana Nepal Tunisia
Honduras Netherlands -1 -5 | Turkmenistan
Iceland Nicaragua Uganda
Iran Niger Ukraine -5 -3
Iraq Nigeria United Kingdom B 15
Ireland -1 -1 | North Korea -15 -150 United States 1500 3250
Israel Oman Uruguay 1 5
Japan -5 -5 | Pakistan Uabek
Jordan Panama bekistan
Kazakhstan Paraguay Venezuela
Kenya Peru Vietnam
Kuwait Philippines Zambia
Kyrgyzstan Poland -10 -65 § zimbabwe
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The impact of climate change on the
transport sector is relatively unstudied
compared to other areas

Changes will lead to geographic shifts
in volume rather than overall losses

Apparent net negative effects relate
to losses incurred through increasing
costs of logistics for inland transport, as
some important river levels decline

These losses are not expected to be
offset by gains in transport effectiveness
in parts of the world experiencing

more flooding of river-ways due to
climate change

Water resource management and
conservation are required to limit
these effects

. USA ...

~ MEXICO ...
 GERMANY

35 NETHERLANDS 150
10 ROMANIA 100

e Economic Cost (2010 PPP non-discounted) 0 $ = Losses per million USD of GDP
O Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP
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nly the impact of climate change

on river transport is considered

here. Many other negative

and positive effects of climate

change on the transportation

sector are conceivable, but
difficult to simulate (Koetse and Rietveld,
2009; Eisenack et al., 2012). Climate
change, however, can clearly affect the
flow of rivers, increasing or decreasing
the rate and volume of water over which
goods are transported (Stromberg et al.,
2010). A number of the world’s waterways
are already independently stressed due
to infrastructure, pollution, or water
withdrawals, which can reduce river
flows and make them more vulnerable
to climate change impacts (Palmer et
al., 2008; Sabater and Tockner, 2010).
Climate change has been simulated to
have potentially serious negative effects
on the river levels of some of the world’s
most important waterways, including the
Danube, the Rhine, and the Rio Grande
rivers (Nohara et al., 2006). Lower
water levels will continue to increase
shipping costs for major global transport
conduits affected by river level decline,
with potentially significant effects for
affected communities—for example, the
Rhine carries around 70% of all inland
waterway transport of the pre-2004 EU-
15 (Jonkeren et al., 2007).

CLIMATE MECHANISM

There are also discernable linkages
between river flows and climate factors,
such as extreme heat, rainfall, and
drought (Kaczmarek et al. (eds.), 1996).
Increasing temperatures, the earlier
onset of spring, longer, hotter summers,
long-term glacial decline, and changes
in rainfall patterns, among other effects
characteristic of climate change, will
have an increasing role in determining
water levels in the world’s rivers.
Increased rainfall and heavy flooding
will also affect rivers in some places.
However, there is little evidence of any
beneficial effect from higher river levels,
which are more likely to increase flooding
and other risks, since most additional
water will fall during the rainy season,
when flows and supply are in abundance
(Arnell, 2004). When river levels decline,
an economic loss arises by affecting
the maximum cargo payload that can

be transported, or the size of ships
transporting goods. The inefficiencies
thus created increase shipping costs in a
predictable way (Jonkeren et al., 2007).

IMPACTS

Only a handful of countries are affected
in any significant way by the impact of

° SURGE

climate change on river transportation.
This is because large-volume, inland,
water-borne transportation is a major
economic activity in only a few river
basins of the world (UNECE, 2012a).
Moreover, only a small number of river
basins are currently projected to see
continued decline, mainly because in
many areas rainfall will increase with
climate change (Nohara et al., 2006).
The costs of climate change on the
transport sector as a result of effects for
inland water-borne logistics are currently
estimated at 1 billion dollars per year,
increasing to over 7 billion dollars by
2030 as the effect intensifies and the
overall impact grows as a share of GDP.
The bulk of all losses are estimated to
be incurred in the United Sates, with
European countries along the Rhine
and Danube, such as Germany and the
Netherlands, as well as Bulgaria and
Romania, affected to lesser degrees.
Mexico also shows high levels of
vulnerability, linked to decline of the Rio
Grande.

Caution is suggested with regard to
the assessment results, which may
underestimate the vulnerabilities of
several river basins if rainfall patterns
were to evolve differently than
expected, based on the research relied
upon here.
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THE BROADER CONTEXT

Many factors other than climate
change—especially water withdrawals
from rivers due to growth in
agricultural, industrial, and municipal
water demand—can play a central
role in the level of rivers (Alcamo et
al., 2003). Indeed, so-called “basin”
closure—the inability of a waterway to
meet local water demands for part of
the year—currently affects 1.4 billion
people in various river basins around
the world (Falkenmark and Molden,
2008). Population growth exacerbates
these issues when alternate resources
are not adequately managed
(Vosdsmarty et al., 2000; Palmer et
al., 2008).

The transportation and logistics
sector is a steady growth industry

in a globalizing economy, with no
expectation of declining demand,
except for passenger transportation in
some industrialized country settings
(US DoT, 2010; Millard-Ball and
Schipper, 2011). Therefore, losses
are unlikely to lead to unemployment
issues, but rather to generate
additional costs for communities that
have relied on highly efficient inland
water-borne transportation, which can
be a major economic benefit.
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VULNERABILITIES AND WIDER
OUTCOMES

In arid regions, water demand for
irrigation has an amplified effect

on river levels (Kang et al., 2004).
Africa may be particularly vulnerable
as a result (de Wit and Stankiewicz,
2006). Smaller rivers may also be
asymmetrically affected (Pandey et
al., 2010). Free-flowing rivers are more
resilient than riverways with dams
(Palmer et al., 2008). Deforestation or
expanded agricultural and industrial
activity can further lower resilience

to any shocks and river-level decline
brought on by climate change (Sahin
and Hall, 1996; Conway, 2005). As
the effects are currently interpreted,
the narrow economic impact is not
expected to have many discernable
wider outcomes, aside from burdening
a handful of countries/communities
with additional costs.

RESPONGES

With glacial retreat, growing heat, and
rainfall decline out of societal control,
responses would likely include some
form or combination of water resource
management and the enhancement

of catchment potential (Palmer et al.,
2008; Falkenmar and Molden, 2012).
Water resource management could seek
to minimize or reduce water withdrawals,
especially during high summer or drought
periods, as well as increase water

re-use and reduce water contaminants
from industrial or agricultural sources
(Geng et al., 2001; Friedler, 2001;
Asano, 2002). Government quotas

COUNTRY 2010 2030 COUNTRY
Batrain
Bulgaria 5 65 | Bangladesh
Germany 45 200 ¥ Barbados
Mexico 15 950 | Belarus
Netherlands 3% 150§ Belgium
Romania 10 100§ Belize
Switzerland 5 30 | Benin
United States 1,000 5150 | Bhutan
Bolivia
Austria 5 15§ Bosnia and Herzegovina
Croatia 1 10 | Botswana
Hungary 1 %5 | Brazil
Slovakia 1 15 || Brunei
Burkina Faso
France 5 25 | Burundi
Iraq Cambodia
Kazakhstan Cameroon
Kyrgyzstan Canada
Tajikistan Cape Verde
Turkey Central African Republic
Uzbekistan Chad
LOW Chile
Afghanistan China
Albania Colombia
Algeria Comoros
Angola Congo
Antigua and Barbuda Costa Rica
Argentina Cote d'lvoire
Armenia Cuba
Australia Cyprus
Azerbaijan Czech Republic
Bahamas Denmark

on irrigation could stimulate broader
use of micro-irrigation and other water
conservation actions (Pereira et al.,
2002; Barret and Wallace, 2011). Water
catchment potential can be enhanced
through such measures as large-scale
forestry expansion and conservation
(Sahin and Hall, 1996). Limiting riverine
infrastructure also improves resilience
(Palmer et al., 2008).

(3]

2010 2030 COUNTRY
Djibouti

Dominica

DR Congo
Ecuador
Egypt

El Salvador

Eritrea
Estonia
Ethiopia
Fiji
Finland
Gabon
Gambia
Georgia
Ghana
Greece
Grenada
Guatemala
Guinea

Guyana
Haiti
Honduras
Iceland
India
Indonesia
Iran
Ireland
Israel
Italy

Dominican Republic

Equatorial Guinea

Guinea-Bissau

THE INDICATOR

The indicator is considered
uncertain and speculative for
those countries assessed—
provided projections for river flow
and levels are accurate (Nohara
et al., 2006). The economic effect
of river decline relies on a study
conducted in the Netherlands, not
global research (Jonkeren et al.,
2007). But the main limitation

of the transport sector indicator
relates to its scope, as increasing
severity and variability of weather,
growing heat stress, and other
elements will likely affect the
transport industry. Growing tire
failure, increased delays and
congestion, accidents, and port
infrastructure damage have not
been studied sufficiently to to
build even speculative indicators
of global effects (Koetse and
Rietveld 2009; Eisenack et al.,
2012). The rapid opening of
previously inaccessible Arctic
passageways will likely benefit,
but its dynamics are difficult

to ascertain (Macdonald et al.,
2005). Additional investigation is
needed to better understand the
global effects of climate change
on the transport sector.

(3]

2010 2030

e Additional economic costs due to climate change (million USD PPP) - yearly average
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Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)
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COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Jamaica New Zealand South Korea

Japan Nicaragua Spain

Jordan Niger SriLanka

Kenya Nigeria Sudan/South Sudan
Kiribati North Korea )

Kuwait Norway Suriname

Laos Oman Swaziland

Latvia Pakistan Sweden

Lebanon Palau Syria

Lesotho Panama Tanzania

Liberia Papua New Guinea Thailand

Libya Paraguay Timor-Leste
Lithuania Peru

Luxembourg Philippines Togo

Macedonia Poland Tonga

Madagascar Portugal Trinidad and Tobago
Malawi Qatar Tunisia

Malaysia Russia Turkmenistan
Maldives Rwanda Tuvalu

Mali Saint Lucia

Malta Saint Vincent Uganda

Marshall Islands Samoa Ukraine

Mauritania Sao Tome and Principe United Arab Emirates
Mauritius Saudi Arabia United Kingdom
Micronesia Senegal Uruguay

Moldova Seychelles Vanuatu

Mongolia Sierra Leone Venezuela

Morocco Singapore X
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FEEDBACK FOR THE DEVELOPMENT
OF THE MONITOR'S METHODOLOGY

EXPLAIN HOW THE ANALYSIS OF THE MONITOR
CAN BE USED IN A NATIONAL SITUATION

SERVE AS A KNOWLEDGE-SHARING MECHANISM FOR BEST PRACTICE AND
CHANGE MANAGEMENT FOR THE BENEFIT OF OTHER VULNERABLE COUNTRIES

PROVIDE AN OUTSIDE SUPPORTING ANALYSIS OF INTEREST
10 NATIONAL POLICY-MAKERS AND DEVELOPMENT PARTNERS
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KEY FIGURES
Population 24,965,816
2012 GDP PPP (Dollars)
Total $82,571,000,000
Per Capita $3,312
Real Growth 8.8%
ECONOMY
GDP by Sector
Primary/Extractive 28.3%
Secondary/Productive 21%
Tertiary/Services 50.7%
Key Sector(s) Services
SOCIO-ECONOMIC DEVELOPMENT
Human Development (Rank) Medium (135th)
Life Expectancy 64.2 years
Annual Population Growth 2.3%
Illliteracy 20.2%
Urban Population 52.2%
Access to Electricity 60.5%
Gender Development 1221
Undernourished Population (2006/08) 5%
Living below poverty line ($1,25/day) 30%
Population without Improved Water Source 15.3%
Official Development Assistance (% of GDP)) 6.1%
Public Health Expenditure 6.9%
Public Education Expenditure 5.4%
CLIMATE/GEOGRAPHY
Climate Zone Dry and wet tropical
Projected Rainfall Change 20-30% reduction
Tropical Cyclones No
Desertification Yes
Low-Elevation Coastal Zone (10m and below) 1%
Forest Cover Change (1990-2008) 30.6%
MIGRATION/DISPLACEMENT
Emigration Rate 4.5%
Immigrants as Share of Total Population 7.6%
Internally Displaced People None

CLIMATE

CARBON

Impact Areas  Indicator

Gender
Confidence Bias
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“Unbearable” was a word commonly offered up by residents of rural
communities in Ghana visited by the research team, emblematic of
their view of the rising heat. Ghana was never a cool country, but an
increase in average temperatures of 1 degree Celsius (1.8 degrees
Fahrenheit) has been recorded over the past half-century. In comparison
to Ghana in the in the 1960s, the effect of this seemingly small change
in temperature is striking: there are now 50 more “hot” days and almost
80 “hot” nights every year (McSweeney et al., 2012). In addition to
temperature, floods, wind and rain storms, as well as changes in the
pattern of rainfall have become serious climate-related concerns for
Ghana today (EPA-Ghana, 2011).

Most ecological zones of Ghana are hit by this rapid change in climate
with effects already manifested in major sectors of the economy, such
as agriculture, fisheries, and forestry, with some of these ramifications
triggering severe economic and social decline, especially in rural areas.
The success of Ghana is a beacon for Sub-Saharan Africa, which is
plagued in many places by extreme poverty, hunger, suffering, conflict,
and instability. As this report reaches publication, a humanitarian
emergency across the Sahel is ongoing and extending through West
Africa with some 20 million people in the grip of a major food crisis
(Oxfam, 2012).

All of the drivers of climate change that harm: heat, unpredictable
rainfall, changes in the timing and length of the crop season, sea level
rise, ocean warming, to name only a few, will only intensify and hasten
with each passing decade.

Few developing countries anywhere in the world offer meaningful
models for tackling the climate problem at the national level. Even
model adaptation options—such as planting medium heat-tolerant
maize varieties and delaying sowing dates to minimize climate change
impacts—present challenges related to everything from technology
transfer to cultural beliefs (Tachie-Obeng et al., 2011). However, delaying
investment to attenuate the losses and risks faced by climate change
only leads to still higher costs, already estimated at several percentage
points of Ghana’s GDP.

Climate change and/or the carbon economy are far from being Ghana’s
only concerns. Indeed, with each climate-related issue, additional
social, economic, and environmental problems combine to heighten
vulnerabilities and the level of harm generated through the impact

of climate change, which itself exacerbates economic, social, and
environmental problems.

With limited resources, cost-effective solutions will have to explore the
range of competing factors responsible for vulnerability and impact in the
context of climate change. It is also an opportunity to revisit and address
other longstanding problems, including gender inequality, deforestation,
unsustainable fishing, and barriers that limit better use of technologies to
drive social and economic activities and enhance resilience. Together with
the affected communities, solutions can be found to the current challenges
Ghana faces. The average temperature in Ghana has risen by around 1
degree centigrade (1.8° Fahrenheit) since the period from the 1970s to
the 2000s. Should Ghana warm by another 3°C (5.5°F) in the 50-60 years
to come, the human, economic, and environmental damage will be severe.
What happens beyond the next few decades is now in the hands of national
policymakers in the world’s major economies.

Ghana could harness its successes to date by tackling climate change risks

concertedly, and in doing so, not only improve the resistance of its own
economy to these effects, but also serve as an inspiration in the coming
decades to other countries in the region, which all face similar problems.
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BACKGROUND AND CONTEXT

BACKGROUND AND CONTEXT

With close to 25 million inhabitants,
Ghana is a mid-sized and rapidly
growing West African country. Now
considered a middle-income country
(lower-middle income) by the World
Bank, Ghana is bordered to the north
by Burkina Faso and to the east

and west by Togo and Cdte d’Ivoire,
respectively. Ghana’s climate is
tropical monsoon, with relatively
low-elevation geography, and clear
regional differences in climate
between the savannah (northern

and east coast) and more humid
southwestern forested areas along the
Gulf of Guinea. Ghana is similar in size
to the United Kingdom.

Ghana’s real GDP grew at an average
of 6% in the first decade of the 21
century and continues with growth
for 2012 estimated by the IMF at
almost 9% (IMF WEO, 2012). Ghana'’s
per capita income is still very low,

at around 3,000 dollars (PPP) or
1,700 US dollars (nominal). Income
inequality is also high, with nearly half
the urban population living in slums
(UN-HABITAT, 2012). Ghana is not
considered a Least Developed Country
by the United Nations but its capacity
is considered to be Restricted, due

to comparatively limited human

and infrastructure assets, and
despite relatively strong government
effectiveness. The climate-sensitive
agricultural sector still represents
around 30% of GDP and employs
nearly 60% of the workforce.

Ghana recently discovered large-scale
new offshore oil and gas reserves,
which are expected to boost national
income further in the coming years.
Ghana also produces large amounts
of cash-yielding cocoa and gold that
are mainstays of its economy. Heavy
reliance on one type of crop may,
however, represent a serious latent
but systemic climate risk for Ghana’s
agricultural sector, were climate
change to make plant diseases

and pests more prevalent in the
humid southern zone where much

of the cocoa is grown (Brondizio

and Moran, 2008). Nevertheless,
continued national economic growth
is well assured in the medium term.
But whether or not Ghana’s climate
change policies are effective will be
increasingly important in determining
the extent and distribution of this
growth, and the sustainability of its
economic development as currently
programmed.

GHG emissions remain very low at 3.2
tons per capita and are not expected
to even exceed 3.5 tons per capita

by 2020 (Climate Analytics, 2012).
Deforestation is at very high rates and
currently represents over 40% of total
emissions; a little more than a decade
ago, the forestry sector was acting

as a net carbon sink, not an emitter
(EPA-Ghana, 2011). Urban air pollution
is beginning to become more serious,
but household fuels are a much greater
health concern, since indoor firewood
stoves are still widely in use. Moreover,
40% of all homes lack access to
electricity.

As is the case for many countries in
close proximity to the equator, the
environmental vulnerability of Ghana
is extreme. Ghana is exposed to
fisheries impacts, due to rising water
temperatures and coastal erosion
caused by the rising sea level; in

the north, the increase in heat is
occurring in a continental climate

not restrained by the proximity of the
sea. These effects are compounded
by floods, drought, wildfires, land
degradation, soil erosion, the threat
of desertification, and the prevalence
of diseases, such as cholera and
meningitis. Major cash and staple
crops, such cocoa and maize will

be affected in growing measure by
climatic shifts, including increased
temperature, the contraction of
cropping seasons and changes in the
distribution of rainfall.

In both urban and rural communities,
socio-economic vulnerabilities

are also extreme. Cities such as
Accra have sprawling slums which
form hazard-prone zones, exposing
populations to unsafe water,
restricted sanitation, and deadly flood

THE MONITOR'S ASSESSMENT
OVERVIEW / CLIMATE CHANGE

risks—much of Accra was flooded in
2011, causing significant loss of life.
In rural areas, subsistence farming is
still widespread, and a lack of basic
agricultural inputs and infrastructure,
such as irrigation, roads and storage
facilities make this group less
adaptive to changes in climate.

- THE MONITOR'S ASSESSMENT

- OVERVIEW

Despite its relatively strong economic
position in West Africa, Ghana is
among the countries most vulnerable
to climate change. According to

the Monitor, Ghana’s economic
development will have already been
significantly compromised due to
changes in the climate that have
already taken place.

The multi-dimensional vulnerability of
Ghana to climate change is considered
in the highest category of Acute,

with vulnerability steadily increasing
as global and local temperatures

rise. Ghana’s vulnerability to carbon
impacts is considered Moderate and
is actually declining, due mainly to
the expectation that agriculture might
benefit from carbon fertilization as
CO, levels rise, and because economic
development should lead households
to adopt less hazardous cooking and
heating practices over time.

Both human (Severe) and economic
(Acute) vulnerability are very high.
Climate change is estimated to claim
around 2,000 lives each year in 2010,
while carbon-related mortality is at
13,000 deaths per year; each impact
is expected to decline slightly by 2030
as a share of overall population, due
to anticipated socio-economic gains
between now and then. Losses due to
climate change are estimated at 4%
of GDP in 2010, rising to 9% of GDP
in 2030. Carbon losses are stable at
approximately 1.5% of GDP.

~ CLIMATE CHANGE

Following are the most serious climate
change impact areas as assessed (for
2010/2030) in order of the scale of

GDP losses, from highest to lowest:
* LABOUR PRODUCTIVITY, XeWiG/E0E
3.0%/6.1% of GDP
- FISHERIES, JJACUTE
0.3%/1.1% of GDP
+ AGRICULTURE, SaTEE/Ma0E
0.4%/0.7% of GDP
- SEA-LEVEL RISE, /
0.3%/0.4% of GDP
- BIODIVERSITY, /
0.1%/0.2% of GDP
The most serious health effects are
Diarrheal Infections, Hunger, Heat
and Cold llinesses and Meningitis.
Heat and Cold llinesses relate to
the impact of heat waves on chronic
disease sufferers, particularly the
elderly. While mortality rates are not
alarmingly high, more than 1 million
people are estimated to be affected
on average each year, due to the
impact of climate change on diarrheal
diseases, and over 400,000 people
suffer from hunger.
The impacts for Labour and Sea-Level
rise carry a relatively high degree of
certainty, while other areas are more of
an indication, due to the limitations of
the models used and agreement on the
signal of key changes, such as rainfall.
Other areas of high vulnerability
constituting serious concerns for
affected communities include
Desertification (High) and Drought
(High), although these are not as
significant in economic terms on
a national level. Desertification is
nevertheless estimated to already be
affecting 75,000 people in Ghana,
which could rise to 200,000 people
at risk by the year 2030. By 2030,
drought could cause 15 million dollars
of damage on average each year
to farmers, especially small-scale
and subsistence farmers with low-
resilience to these impacts.
Floods and Landslides have been
assessed as a Moderate concern;
however, field research demonstrated
that flooding is a major and growing
concern in both urban and rural
areas. For instance, recent large-scale
floods in October 2011 inundated
large parts of downtown Accra,
reportedly killing 14 in the greater



CARBON ECONOMY

Accra region and 33 nationwide,
according to Ghana’s National Disaster
Management Organization (NADMO).
The international disaster database
records 300 deaths due to floods for
the whole of the last two decades since
1990, not including the 2011 floods
(CRED/EM-DAT, 2012).

The only positive effect Ghana is
estimated to experience on the basis
of the Monitor’s assessment is a less
than 0.1% of GDP boost to Hydro
Energy, as a result of small, although
uncertain, increases in annual river
flow that are projected by some models
for this region of the world. Wildfires
are a legitimate concern in Ghana and
increased aridity and drought in certain
areas will increase the likelihood of
fires. However, since Ghana is projected
to experience some increased rainfall,
the final outcome of the role of climate
change on wildfires is ambiguous, so
vulnerability is assessed as Low.

~ CARBON ECONOMY
With respect to carbon economy costs,
in human terms Indoor Smoke claims
an estimated 10,000 lives each year
today, followed by over 2,000 deaths
associated with urban air pollution.
Air Pollution deaths are expected to
grow as a share of population to close
to 4,000 deaths per year in 2030.
However, Indoor Smoke is expected to
decline to around 8,000 deaths per
year by that time.
In economic terms, the largest carbon
impact is to Biodiversity at 1% of
GDP in 2010, growing to 2% of GDP
by 2030. Health impacts are the
next biggest loss to GDP at 0.8% of
GDP, declining to 0.4% of GDP by
2030. The agricultural sector is still
generally unaffected by pollution, but
could benefit from higher CO2 levels,
in which case gains are estimated at
0.1% of GDP in 2010 and 0.8% of GDP
in 2030. Thus, any current benefits
of CO2 fertilization are outweighed
three times over by costs related to
climate change. By 2030, scientists
predict that all of the future impacts of
climate change will be compensated by
increases in plant growth due to CO,

NATIONAL RESPONSE
STATUS

fertilization. The very latest research

is nevertheless more pessimistic

than the Monitor’s assessment on

the possible extent of such benefits
(Ainsworth et al., 2008; Leaky et al.,
2009). This result should therefore

be treated with much caution. Field
research undertaken for the purpose
of the Monitor in Ghana identified key
agricultural regions already suffering
severe stress and fundamental
challenges relating to climate-tied
shifts carrying serious humanitarian
ramifications, including hunger and
other diseases. Local research has
also documented the climate-related
challenges facing core staple crops,
such as cocoa and corn (Tachie-Obeng
etal.,, 2011). Carbon fertilization
benefits are known not to accrue under
stressed conditions (IPCC, 2007).
Nonetheless, improving the resilience
of Ghana’s agricultural sector to
climate change would certainly
increase its chances of benefitting
from any possible positive effects

of high CO, levels, if they are ever to
materialize; either way, adaptation to
climate change remains a core priority.
The health related impacts of Indoor
Smoke and Air Pollution are considered
relatively reliable, whereas Biodiversity
and Agriculture should be considered
more indicative or less certain.

NATIONAL RESPONSE

- STATUS

Policy development on climate

change in Ghana is a new and

rapidly advancing focus of energy

for key government departments

with competencies relating to the
environment and disaster issues. The
government has recognized climate
change as a current concern for the
country’s economic output. It is viewed
as a development challenge requiring
action to address climate change so
as to ensure that national progress

is not derailed. This is at the core

of ambitions to mainstream climate
change into key planning processes at
national, regional and district levels,

and into the Ghana Shared Growth and
Development Agenda. In this spirit,

an active consultation process is now
underway aiming to develop a National
Climate Change Policy. The National
Policy has three core objectives: 1)
effective adaptation to climate change,
2) social development, and 3) low
carbon growth. The government has
also identified the following seven
pillars which it is planning to build upon
in order to achieve those objectives:
- Governance and coordination
- Capacity building
- Research and knowledge management
- Finance
- International cooperation
- Education, communication

and public awareness
- Monitoring and reporting
There exists a National Climate

Change Committee grouping some

14 government entities together with
development partners, including
foreign assistance donors. It has been
mandated to drive the climate change
policy development work forward and is
hosted by the Ministry of Environment,
Science and Technology. A National
Adaptation Strategy for Ghana has been
completed following a detailed process
of stakeholder inputs from multiple
sectors, with the launch scheduled to
take place before the end of 2012,
While the policy process is moving

in a very promising direction, Ghana
still lacks government policies
specifically designed for responding
to climate change. In particular, at the
community level, district development
plans viewed did not account for
the additional stress resulting from
climate change, nor did such plans
contain climate change specific
response considerations, whether to
reduce carbon intensity or to address
climate impacts. Nevertheless, several
government entities are dealing with
climate change issues as a part of
their operational mandates and daily
concerns, such as the Environmental
Protection Agency-Ghana (EPA-Ghana)
and the National Disaster Management
Organization (NADMO). And there was
evidence of active work on the part

GHANA 1209

CLIMATE FINANCE

of government, international, and
local non-governmental organizations
and foreign assistance partners in
many climate change related areas
of concern, from coastal defences,
to food security, and health and
sanitation issues.

- CLIMATE FINANCE

In 2010, Ghana received close to 80
million US dollars in public climate
change finance from foreign sources,
making Ghana the 31 largest
recipient that year among developing
countries. This amount represented
0.25% of Ghana’s GDP— compare this
to the amount received by Vietnam
(also studied in this report), which
represented 0.5% of Vietnamese

GDP in 2010. The largest bilateral
donors of climate change finance in
2010 were Japan and France, which
provided more loans for mitigation
finance and only grants for adaptation.
The component of those resources
targeted to assist Ghana in adapting
to the negative effects of climate
change made up only about 10% of
the total, or 10 million dollars. An
order of magnitude increase in climate
change finance for adaptation in
Ghana would be needed, if a balance
with respect to mitigation were to be
achieved. Even such levels would likely
fall far short of the actual requirement,
considering the estimate that climate
change already costs Ghana 4% of

its GDP.

Deserving of high praise are Ghana’s
development successes in high rates
of real GDP growth and the progress
achieved towards the Millennium
Development Goals to-date. There

is, however, a risk that foreign
development partner donors view
those achievements and the discovery
of important fossil fuel reserves as
reasons for withdrawing international
support. The research team which
visited various regions in connection
with this project found that, in certain
cases, foreign assistance programmes
were already being withdrawn

from some of the most vulnerable
communities. Climate change impacts
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are now expected to accelerate very
quickly, putting the development
gains of Ghana at greater risk, in
particular where last-mile efforts to
empower the poorest of the poor have
not succeeded. Ghana’s forthcoming
National Adaptation Strategy should
provide a vehicle for donors to ensure
that adequate support is provided

to the country as it seeks to address
these serious and growing concerns.

“ASSETS

Ghana faces a number of capacity

constraints that are commonplace

for lower-middle income countries in

sub-Saharan Africa. But Ghana also

has a number of important assets at its
disposal as it gears up to tackle climate
change locally:

- Community Reach: With the National
Disaster Management Organization
(NADMO), Ghana has centrally
organized government officials or
trained volunteers on the ground in
every district, if not every village.
NADMO volunteers are mobilized
and actively working to respond to
and reduce risks for communities
dealing with climate change and
other threats to safety and livelihoods
and their responsibilities include
advocacy and emergency assistance.
Given appropriate strategies and
resources, the NADMO apparatus
will be invaluable for ensuring that
community-level actions are carried
out among the most vulnerable
groups.

- Technical Capacity: the Environmental
Protection Agency-Ghana (EPA-Ghana),
the lead institution for UNFCCC-related
activities, has been establishing
important foundations of local
expertise on core climate-related
concerns, as it serves as the main
Country Implementation Institution
for the technical coordination of
activities on climate change, including
specialized working groups and
expert climate change study teams,
all of which support national policy
development and the implementation
of climate change project activities.

- Fiscal Resilience: Ghana is financially

stable with relatively low levels of
public debt and surging economic
growth. There are significant and
important infrastructure investments
that Ghana will be making over the next
5 to 10 years as it reinvests its growing
wealth back into the economy. Ghana
has yet to commit streams of public
funds to a formal climate change
policy, but should consider allocating
some specific levels of resources to its
own domestic climate change policies
while the economy is strong.

+ Health Insurance: In all communities

visited as a part of the field research
for the Monitor, participation rates
in local health insurance schemes
were very high, with annual fees very
affordable, in some cases as little
as 5 US dollars (10 Ghanain Cedis).
Health insurance did not, however,
cover preventative measures, such
as insect-repellent infused mosquito
nets or vaccinations. Therefore,
preventative measures remain a
challenge for communities themselves,
the government and foreign aid
programmes.

- Indigenous Knowledge: The long

cultural history and traditions of the
people of Ghana represents a great
wealth of indigenous knowledge
relating to the environment. As climate
change brings rapid change to that
environment, much of this knowledge
is not only not obsolete, but has
become more important and useful.
In one region for instance, crickets,
still announced the end of the warm
season, even when the timing of the
season had shifted considerably.
Documenting and disseminating the
best of indigenous knowledge to
supplement highly technical or costly
infrastructure responses to climate
change would help to lower costs and
improve impact.

- Sound Policy Environment: From

the capital in Accra to the remote
villages of northern Ghana, community
leaders, NGOs, entrepreneurs,
farmers, experts, and other members
of civil society consistently expressed
deep concern and interest in climate-
related issues. The government

is benefitting from the attention

and knowledge as a part of the
consultative process leading towards
the National Climate Change Policy
and should continue to promote that
interest, which will likely pay dividends
in terms of fine-tuned policies and
more robust implementation.

“GAPS

Ghana still lacks a dedicated climate

change policy and never issued a

National Adaptation Programme for

Action under the UNFCCC since it is

not a Least Developed Country. So

policy gaps are large for now, but will
progressively be filled, as different
aspects of the government’s policy
project come online. Some gaps in the
general policy approach can still be
identified, and should be reinforced:

- Leadership: As evident from the more
than one dozen government entities
already participating in Ghana’s
National Climate Change Committee,
the challenge of coordinating and
ensuring sound implementation
of cross-sector challenges is
immense. The government has
already recognized the need for a
dedicated statutory body on climate
change to oversee the government
response, enhancing coordination
and avoiding duplication. However,
executive leadership on climate
change has been largely absent and
does not appear to be a planned
component of a climate change
body for Ghana. Ghana might do
well to take a cue from successful
national policy approaches of other
vulnerable countries, such as the
Philippines or Vietnam, where there is
direct involvement of the government
executive branch, which issues formal
policy directives to all other relevant
organs of government.

* Prioritization: The research undertaken
for the Monitor revealed that the
government of Ghana has yet to flag
climate change as a key priority area
in its formal discussions with leading
development partner donors. As such,
several donors had the impression
that climate change is not a priority

for the government. A key step to
mobilizing enhanced international
support for Ghana’s domestic climate
change policies is for the government
to be unambiguous regarding the
importance of the climate policy
project for Ghana when interacting
with foreign assistance partners.

+ Fragmentation: Experts also

expressed concern over the potential
fragmentation of national efforts to
address climate change, as wide-
ranging initiatives were being pursued
in different directions. Fragmentation
risks exhausting precious capacities,
especially in central government, and
favouring project-based pathways over
strategic approaches more capable of
tackling systemic issues.

- Reference Scenarios: Ghana plans to

publish national reference scenarios for
climate change as part of its National
Adaptation Strategy. But to date, it

has lacked truly comprehensive and
highly specific reference scenarios for
all key regions of the country across

all main climate parameters, including
river flow, rainfall/runoff, temperature,
sea-level rise, sea temperatures

and acidity, wind, fire risk, flooding,
and drought/extreme aridity. For
example, scenarios for rainfall cited

in the most recent UNFCCC National
Communication are at odds with the
analyses of some other leading experts,
which point to increases not decreases
in rain, although seasonal, not annual,
declines of rainfall may be extreme,
including during growing periods
(EPA-Ghana, 2011; McSweeney et al.,
2012; Tachie-Obeng et al., 2011). The
regular updating and publication of new
national reference scenarios is critical
for guiding the progressive calibration of
adaptation investments as knowledge
evolves. Establishing scenarios

through wide consultation that all key
stakeholders can have confidence in,
despite intrinsic uncertainties, is an
important component in building strong
support for the national response to
climate change.

- Donor Support Group: There is no

formal group involving a wide range of
key foreign donors that is operationally



OTHER CHALLENGES
AND OPPORTUNITIES

focused on supporting Ghana to
develop and implement climate
change policies. Best practice from
other country experiences such as
Vietnam point to the clear value of a
donor support group that could add
to the policy implementation efforts
of Ghana on climate change and help
to harmonize aid, avoid overlap and
drains on capacity, track progress
and results, and ensure that financial
commitments match government
defined priorities and needs as
effectively as possible.

~ OTHER CHALLENGES AND OPPORTUNITIES

+Access to Markets and Industry: All
rural areas visited by the research
team had in common a near total
absence of any local light industry
operations aimed at processing
and packaging the raw products of
farmers and fishermen into finished
goods that could be transported to
reach non-domestic markets. This led
to the paradox of purchasing boxed
South African mango juice from a food
stall to be consumed under a fully
laden local mango tree. In the Gulf
of Guinea, fishing boats from China,
Japan and Korea plied the waters and
sent back home the fruits of Ghanaian
seas. Tragic outcomes also resulted:
an unusual bumper crop of tomatoes
that was left to spoil on the road led
some farmers to commit suicide when
they realized that their superb crop
was unable to reach any market. Yet
none of the communities visited had
development plans in place to give
incentives to local entrepreneurs or to
attract investment to set-up freezing
works for seafood, canning facilities
for tomatoes, packaging houses for
fruit juice, or any other light industrial
facilities that would enable farmers to
achieve higher prices for their goods,
receive more from the commercial
value chain, and ultimately increase
profits and disposable income.

- Energy and Carbon Markets: The
abundant heat and sunshine that
is now a concern for Ghana as
temperatures continue to rise,
underscores the existence of a latent

wealth of solar energy that is not being
harnessed anywhere. Programmes
aimed at distributing efficient and
clean-burning indoor cooking stoves
would not only reduce disease, but
also help stem deforestation, land
degradation, and desertification, since
communities rely heavily on local wood
as the primary fuel. Making the most
of new opportunities in the renewable
energy sector was a major theme
expressed in interactions with experts
during the research work undertaken

as a part of the Monitor’s development.

Ghana has yet to gain meaningful
access to international carbon markets
and to the support mechanisms that
drive renewable sector growth in other
developing countries. With only one
project registered with the CDM and a
handful of others under development,
virtually no investment has yet been
leveraged (UNEP Risoe, 2012). Making
the most of a potential future forest
carbon market (via REDD+) would help
reverse the rampant deforestation

that caused Ghana’s forestry sector

to transition from a net carbon sink

to a major source of GHG emissions
since only the late 1990s (EPA-Ghana,
2011). Public and private sector
capacity building would need to be
actively fostered in order to break
through and stimulate serious progress
for Ghana’s renewable energy and
carbon sink sector.

- Migration: Hallmarks of a long-term

rural decline whereby traditional
livelihoods faced ongoing erosion were
evident in many of the communities
studied for this edition of the Monitor.
Seeing limited opportunities for
themselves, young adults were
migrating on a seasonal basis to

the larger centres, where they seek
informal employment. Men or couples
whose livelihoods in agriculture or
fishing have been compromised were
also moving on a more permanent
basis, sometimes leaving children
behind in the care of elderly relatives
or single mothers; these “stranded”
homes were reported to be particularly
food insecure and vulnerable: if a
remittance did not come in a given

month for whatever reason, the
children would go hungry. The situation
is fuelling the rapid urbanization of
Ghana’s metropolitan centres, were
slums have been steadily growing,
with settlements often developing

in marginal or high-hazard zones,
such as river flood plains, creating
additional risks. It is difficult to
attribute a specific proportion of

that migration to climate change.
However, the change in climate has
had a negative affect on agriculture
and fisheries—which determine income
levels—and stifles economic activity in
mainstay rural sectors. The heat, the
extreme and erratic nature of rainfall,
the rise in sea-levels, the stress on
biodiversity and forests, are all set to
increase dramatically in the decades
ahead. With it, migration pressures
will only increase considerably.

- Women'’s and Youth Empowerment:

Ghana is known to have low levels

of gender-related development or

high degrees of gender inequality

that disadvantage women (UNDP,
2007; UNDP, 2011). The research
undertaken as a part of the Monitor’s
development highlighted the extent to
which women are currently marginalized
from decision making on community
issues at multiple levels. Many of

the men interviewed as a part of the
research conducted autonomously
suggested that greater involvement of
women would lead to more sensible
decision making and community
action; it was emphasized that women
are more receptive to change. The
same issues were understood to also
apply to youth. Gender development
and inequality in particular are

highly correlated to climate change
vulnerability according to the Monitor’s
assessment; this suggests that gains
across the full spectrum of gender-
related development would reduce
levels of vulnerability to climate change,
since women are understood to be
more vulnerable to climate change

in Ghana (EPA-Ghana, 2011). The
advent of climate change therefore only
strengthens the urgency of overcoming
gender equality challenges in Ghana.
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The Bolgatanga-Bongo-Navrongo areas
of the Upper East Region of northern
Ghana is close to the border with
Burkina Faso. It is a primary agricultural
region, raising livestock and cultivating
staples such as rice and millet, market
vegetables, and orchard trees. About
one million people inhabit the upper
east region of Ghana, which covers
some 9,000km?. Northern Ghana is
the hottest part of the country, where
the so-called “Harmattan” winds blow
in from the Sahara desert, and where
the increase in heat and the number
of hot days and hot nights has been
the most extreme. The relentless rise
in temperature in the years ahead will
also continue to be the most extreme
here (McSweeney et al., 2012).

The serious increase in heat the area is
experiencing has triggered a downward
trend in its core economic sector,
agriculture, with negative impacts on
the health of the region’s population.
Key concerns range from extreme
flooding, drought, desertification,
growing energy needs for cooling, and
a declining biodiversity. Concerns were
also voiced about the nomadic Fulani
herdsmen, who cross from Burkina
Faso and are indiscriminately cutting
and burning the savannah vegetation
and causing other social issues, as
their bonds with local farmers are
increasingly severed along with rural
decline. Occupational heat stress is
also endemic, since large numbers of
subsistence farmers, anxious to feed
their families and unable to work in the
relative cool of the night, are obliged to
work during the intense heat of the day.
All of these effects have serious social
and economic implications: the rapid
pace of development that Ghana

has experienced in other regions has
not been enjoyed by this part of the
country: every one of the dozens of
people interviewed in different villages
and centres across this region insisted
that life had become much harder.
Social vulnerabilities were also extreme:
no running water or sanitation facilities
of any kind in many households,

less than 50% of households with
electricity or lighting, no cooling units

or fans virtually anywhere, too few
mosquito nets, very few vehicles, and
no insurance for houses damaged by
flooding and wind or for crops destroyed
in drought or floods.

HEALTH

With a significant share of the
population living without electricity,
refrigeration, running water, or
sanitation facilities, the deleterious
effects of climate change on health are
a major concern. High rates of all of the
main climate sensitive diseases were
confirmed: diarrheal diseases such as
meningitis, cholera, and malaria. In
some areas, a majority of households
were considered food insecure. People
living without any form of climate
control would often sleep outside on
the hottest nights and in doing so
expose themselves to mosquito bites
and vector-borne disease, especially
malaria, compounding the climate
stresses on their health. One local
expert explained that people often
suffered malaria two or three times

a year. Certain villages were able to
report on the number of deaths due

to meningitis over the preceding few
weeks—accounting for more than

10 fatalities in one village alone. In
another village, the funeral procession
of a victim made its way past the
research team’s interview site.

While health insurance is now
high—reported to be around 80%
coverage—vaccinations against
communicable diseases common

in the area are not covered by the
insurance schemes, even though
some vaccination campaigns were
also reported to be in effect. School
feeding programmes were in place in
many areas, with the local government
and international NGOs such as the
World Food Programme responsible
for providing one meal per day. Hunger
deaths were understood to occur

in remote areas or where children
were not able to attend school, and
significantly low school attendance
rates were confirmed. To prevent
malaria, more bed nets were needed,

but most local experts stressed that
education was needed. People were
apparently unaware of the importance
of basic safety precautions in everyday
life, such as personal hygiene, proper
waste disposal, or the need to avoid
being exposed out of doors at dusk
and dawn when mosquitos are most
active. Investment in education
campaigns and schools is therefore a
priority. Ensuring access to clean water
for households was also understood

to make a significant difference, as

is clear from current international
knowledge on the issue (Jamison et al.
(eds.), 2006).

SEASON SHIFT

A clear erosion of the agricultural
system in the Bolgatanga area was
reported and manifest. Local experts
reported that key causes of this erosion
have been the growing length of the
hot dry season—traditionally from
November to April—and the contraction
of the traditional rainy season—April
through October. Although farming is
done in both seasons, the rainy season
is the mainstay of the harvest. In the
dry season, it is only possible to grow
crops where there is irrigation, while

in the wet season, much of the land

is available for cultivation. Thus, the
contraction of the growing season
lowers overall agricultural potential.
Rains that reportedly once began in
April are now not beginning until May.
The new timing has a number of other
consequences: one example provided
was that butterflies have been slower
to adapt their behaviour to the new
season onset and caterpillar larvae now
exit the cocoon when crops are at their
most vulnerable early stages.

DROUGHT AND DRY SEASON HEAT

The dry season itself is now unbearably
hot and even dangerous: people
exposed outside in the heat are
considerably more susceptible to
deadly meningitis. It is more difficult
for farmers to produce crops in the dry
season, if only because of the extreme
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levels of heat stress as they toil in the
fields. Moreover, periods of drought
are now very severe, since the heat

is so much more intense, and crop
productivity suffers whenever the heat
is not offset by generous and evenly
spread rainfall, reported to be rarely
the case anymore. Rainfall in Ghana
reached its lowest in the 1970s and
early 1980s; although it has since
increased from 2000, it is still below
the 1960 baseline. But it is not keeping
pace with the increase in temperature
and so the evaporation rate of water
for the region is increasing. As a result,
rainfed agriculture is undergoing a
transition away from optimal growing
conditions, resulting in lower plant
productivity and yield, while reservoirs
that supply irrigation are becoming less
efficient. Thus, most people migrate to
southern Ghana during the dry season.

EROSION OF LIVELIHOODS

To cope with declining yields, farmers
have begun to take measures, such

as selling their livestock. Farmers who
might have had five or six animals,
might now have only one or two—others
none at all—and may be worried

about how they will cope with another
difficult season. Such measures hardly
constitute a sound long-term strategy,
since the hope for a return to bountiful
harvests of days gone by is unlikely,
given the projections for climate
change to come. Residents recalled
times in the past when Bolgatanga
area was once the breadbasket of
Ghana. Itis in this dead-end context
that farmers were reported to have
committed suicide, when their unusual
bumper crop of tomatoes spoiled on
the roadside for want of buyers.

These developments have upset

the delicate balance of these rural
communities. Since farmers now own
less livestock, the relationship between
farmers and nomadic people who
settle in the less fertile surrounding
areas has also been compromised.

In the past, farmers would entrust

the nomadic peoples from Burkina

Faso (Fulani herdsmen) with their
livestock in return for payment, either
in-kind or in the form of farm produce.
Thus, the nomadic peoples have

also been deprived of a source of
income and livelihood, and are now
being reported to be engaging in a
growing number of criminal acts, such
as theft, violence, and other social
problems, not to mention destroying
and burning savannah vegetation. The
decline in livestock has also decreased
the availability of local manure and
therefore fertilizer, forcing farmers to
rely more heavily on imported chemical
fertilizers, the price of which has been
escalating in recent years, together
with the increase in gasoline prices.
Finally, the chemical fertilizers available
were said to be less effective for water
retention than organic alternatives, so
of declining utility as heat and water
stress grew.

RESPONSES

Although heat is, indeed, rising and
will continue to do so, the area is

not condemned and could thrive. As
mentioned earlier, the critical need is
to prioritize local entrepreneurship,

so that farmers can have better
access to wider markets and higher
prices for their goods. In reality, there
has actually been only one tomato
factory in the region, which apparently
suffered from management problems.
The skills required to oversee such
operations are not yet present in

the region, so people from outside
have been brought in to run this type
of industry. However, farmers were

not guaranteed better prices, as the
factory exercised a monopoly and
would pay only low prices, despite
being able to sell goods at much higher
rates. Moreover, most farmers have
no means to transport their goods

to the factory. These problems could
be solved by following the successful
models of other communities which
have already surmounted similar
issues (Motiram and Vakulabharanam,
2007; Buse et al., 2008).

A range of other responses could

be taken to stem and reverse the
steady erosion of rural livelihoods

in Bolgatanga. Some promising
programmes were ongoing in the
promotion of Bolgatanga basket
weaving to generate improved
livelihood opportunities, especially
during the relative downtime of the

dry season. Bolgatanga baskets are a
unique, indigenous handcraft woven by
hand exclusively by women. The activity
allows local women to earn respectable
incomes, with immediate benefits

for the promotion of maternal and

child health for participating families.
Handicraft activities, from basket
weaving to leather goods and pottery,
help to diversify the livelihoods and
supplement subsistence farming, now
increasingly at risk because of climate
change.

Enabling the farmers to produce more
crops during the dry season would

also make a significant difference.
There is enough rain over a year to
ensure wider irrigation, but there were
either not enough dams or reservoirs
trapping the rain, or too many of

these had silted up and become
ineffective. Overhauling and building
new dams is far beyond the means

of local farmers and even the local
government. International support can
be extremely useful here—there are
already some support programmes for
dam rehabilitation, and these provide
jobs during construction and beyond,
representing a sustainable solution for
the community. The same was true for
less costly water wells, although it was
not reported whether the pumping more
water from the groundwater aquifer
was sustainable or not. However, many
did report that wells had dried up.
Enlarging and linking an existing set

of wilderness reserves already under
conservation protection could help to
strengthen biodiversity, with benefits
for natural pest control, as well as
water catchment. Local composting
using on-site crop waste close to fields,
and household food waste in vegetable
gardens closer to houses, could help to
offset the decrease in local fertilizer.

FLOODING AND THE BAGRE DAM

Evidence of excess rainfall is seen in
the visible flood damage sustained

to earthen buildings and is clearly
documented with photographic
evidence shown to the research team.
One major issue is the release of water
following heavy rains from the Bagré
Dam in southern Burkina Faso; the
area around the dam has experienced
increasing rainfall in recent years

(ICI, 2010). When the floodgates are
opened, large areas of the plains in
northern Ghana become inundated
with water. The local community is
defenceless as the water floods across
the plains, unable to penetrate the
densely packed, arid soil. Aside from
damaging buildings, water that remains
for several days destroys any crops
that are submerged and increases the
risk of malaria by greatly expanding the
breeding ground for mosquitoes.

Local experts suggested the problem
could be addressed by building

better drainage infrastructure, in
combination with the construction or
rehabilitation of feeder roads—small
roads that are a sound investment
under any circumstances (Stifel et al.,
2012; Kingombe, 2011). Ensuring that
waterways are not used for cropping,
but for the planting of trees to reinforce
embankments was another solution put
forward. However, with declining fertility
and scope for planting crops elsewhere,
the fertile embankments with direct
access to water are too attractive for
farmers. Cooperation with Burkina
Faso on infrastructure solutions that
might help to release water gradually
following heavy rains had apparently
not been addressed.
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The east coast lies at the southeast
extremity of Ghana, close to the border
with Togo along the Gulf of Guinea.
The researchers visited villages across
the Greater Accra and Volta regions of
Ghana, as well as Prampram, Ada Foah,
and Keta. While the south of Ghana is
less hot and more humid than the far
north, the southeast coast itself has a
dry climate within the coastal savannah
zone of Ghana, which, according

to EPA-Ghana, is due to “coastal
alignment and upwelling of cold water”
(EPA-Ghana, 2011). Not that it is

cold here: truck drivers complained

of more frequent tire and windshield
explosions on the hottest days. Parents
worried that teachers were becoming
less effective in educating their
children, as they struggled to work in
the growing heat during school hours.
The area is mainly a low-lying plain,
interspersed with a number of lagoons
and tributaries at the delta of the
Volta River, which originates in Burkina
Faso. It is predominantly a fishing and
agrarian community, and the area
visited is home to over half a million
people (Ghana SS, 2010).

The chief climate change concerns

for the southeast coastal areas relate
to coastal erosion/sea-level rise,
fisheries, agriculture and health.
Biodiversity, drought, energy for
cooling and water are also concerns.
As for much of the country, labour
productivity and occupational heat
stress are also important issues,

and concerns over migration were
additionally flagged by local experts,
who emphasized a constant drain

of men and families out of the area.
Fisheries are in long-term decline

in the area for a variety of reasons,
including over-fishing, but research
provides strong evidence for the
negative impact on marine ecosystems
of both rising sea temperatures and
ocean acidity. The Gulf of Guinea is
understood to be one of the zones
worst hit by rising temperatures
(Cheung et al., 2010). Coastal

erosion in the area has a long history,
with dramatic rates of degradation
and residents asserting “several

kilometres” of land lost to the sea

in certain places around the Volta
Delta, where sea defences have not
been putin place. The agricultural
sector has been affected both by the
heat and by salt intrusion and land
erosion due to sea-level rise, although
large areas of land are irrigated by
the Volta River and are more resilient
to the growing heat. In health terms,
malaria was still a common health
problem for residents of the area, and
malnutrition was raised as a serious
concern. Diarrheal diseases were
apparently less prevalent than was
the case for northern Ghana, since

it was understood that plumbed/
improved water sources and sanitation
or latrines were more common in the
coastal Volta area.

COASTAL EROSION
AND SEA-LEVEL RISE

Analysis of Ghana’s coastline shows
that over the last few decades the
eastern coast has eroded at the fastest
rate. Rates of annual erosion have been
estimated in the range of 1-11 metres
per year of land (Ly, 1980; Wiafe 2010;
Appeaning Addo et al., 2011). Coastal
erosion in the area has been noticeable
for over a century, suggesting some
degree of natural oscillations in

delta growth and loss (Akyeampong,
2001; Oteng-Abbabio et al., 2011). In
addition to claiming land and damaging
coastal infrastructure, the erosion is
also affecting water resources and soil
quality from the penetration of salt
from the sea as it seeps further inland.
It has forced the relocation of residents
who have abandoned their homes and
properties along the coast and moved
inland. Risks are particularly high
during elevated seasonal tides or storm
tides that can inundate tracts of land
and severely damage infrastructure,
livelihoods, and endanger lives.
Sea-level rise due to climate change

is a significant cause of concern in the
coastal erosion of Ghana. However,
research has highlighted several other
important issues. These include the
construction of the Volta/Akosombo

hydroelectric dam built in the 1960s,
which withholds vital sediments

that would otherwise be released

into the delta from the Volta River;
sediment to the littoral delta has been
reduced by 10 times according to
some estimates (Boateng, 2009). The
erosion processes may have doubled
since the building of the dam (Ly,
1980). Given that water flow is now
controlled, the natural flooding patterns
of the area have also changed and
the flood plains now rely on irrigation
and a reduced water supply (Corcoran
etal., 2007). The hydro dam in itself
is a positive response to the causes
of climate change as a renewable
energy generator, but it also presents
a unique dilemma here because the
dam exacerbates the consequences of
climate change, in particular, sea-level
rise erosion.

Other important concerns highlighted
include the practice of sand mining
and the construction of coastal
infrastructure and sea-defences
(Oteng-Abbabio et al., 2011;
Appeaning Addo and Larbi, 2009).
Sand removed from the shorefront
obviously accelerates erosion, while the
construction of coastal infrastructure
affects sea-wave dynamics and
concentrates energy on adjacent
unprotected areas. Even if the entire
Ghanaian coast were protected, Togo
and Cote d’Ivoire on either side would
be more exposed, since it is hard to
imagine the possibility of protecting
the entire Gulf of Guinea coastline.
Residents and officials in Keta were
insistent that the construction of the
major seaport at nearby Tema during
the early 1960s changed the velocity
and energy pattern of the waves,
further accelerating coastal erosion. A
port further distant, on the border of
Togo, was also a source of concern.
Clearing and degradation of littoral
mangrove forests has made matters
even worse. Finally, the local practice
of pumping out groundwater via “tube
irrigation” was very common, even

for fields close to the water’s edge.

In other parts of the world, irrigation
using ground-water has been shown

to accelerate land subsidence and
perceived sea-level rise (Larson et al.,
2001). Similar irrigation techniques
were also common in the Mekong delta
of Vietnam, also highly vulnerable to
sea-level rise and studied in this report.
In the context of all these varied and
significant concerns, sea-level rise
resulting from climate change is a very
unwelcome new consideration for a
community highly vulnerable and already
having great difficulty coping with local
coastal erosion. A series of large-scale
coastal defences have already been
built, and local experts have emphasized
the sensible preference of “soft”
approaches, such as re-vegetation of
sand dunes or beach nourishment, over
“hard” infrastructure coastal defence
options (Oteng-Abbabio et al., 2011).
Little information was obtainable

about the feasibility of sediment
pass-through retrofits to the Volta/
Akosombo hydroelectric dam, although
retrofitting options are available and
would merit further investigation and
investment given the scale of impact
manifested (IPCC, 2012b). However,
clearly the re-establishment of coastal
mangrove forests and providing
alternatives to ground-water pumping
for irrigation would be less expensive
than infrastructure-intensive solutions;
for example, one single coastal defence
construction near Keta cost 90 million
US dollars (Armah, 2005). “Soft”
approaches are also likely to cause
less, if any, collateral damage. There
appeared to be few mechanisms in
place to compensate households that
lost property and needed to relocate or
who are subject to damage. If the sea
level rises one or two metres during the
21 century—assuming that climate
change is not sufficiently brought under
control—the whole situation threatens to
become quite dire (IPCC, 2007; RSNZ,
2010; Fiissel in Edenhofer et al., 2012).

FISHERIES

Local observations of the rise in sea
temperatures and some indications of
decline in local marine life match global
assessments (Wiafe et al., 2008). The
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community was unanimous that there
are simply fewer fish. This applies
equally to inland and offshore fish
stocks. As with sea-level rise, climate
change driven sea temperatures and
C02-related acidification of the oceans
are not the only causal factors. As
with many other social, economic, and
environmental challenges, climate
change is rarely, if ever, the only factor
causing problems. Population growth
increases the number of fishermen,
resulting in damaging fish practices,
such as the use of small gauge nets
or even dynamite, and the practically
uncontrolled intensification of large-
scale commercial operations has not
favoured sustainable management of
fish stocks.

Two other climate change-related
factors have also worsened the
situation for fishermen. More volatile,
unpredictable, and extreme weather
is a serious safety hazard. Some
fishermen cannot swim and the small
fishing boats are often at serious

risk on this high-energy coastline,
especially in the case of fierce,
unpredictable storms. Second, the
retreat of the shore has pushed the
blue-water shelf, where most fishing
takes place, further away with each
passing decade and add to labour,
time, cost, and risks for fishermen in
small craft.

Large and heavily equipped foreign
fishing boats from China, Japan, and
Korea ply the offshore waters of the
region for fish that are explored from
the port base in nearby Tema directly
to Asia. In Keta, however, there is no
fish processing industry, such as a
freezing works, for packaging the catch
of local fishermen. Locals rely only

on “middle men” who truck the Keta
catch back to Accra. Most of the fish
leaving for Accra is sold smoked. Local
fishermen stated that the smoking of
fish used to be permitted by burning
the less useful remains of the once
bountiful catch. However, the falling
fish harvest means that local trees and
forests are instead used for fuel, and
this has reportedly exacerbated local
deforestation concerns. Moreover,

degradation of mangrove forests in the
delta—with mangrove wood serving as
firewood—damages marine and inland
fishery biodiversity in an interlinked
vicious cycle (Concoran et al., 2007).
Responding to the full range of

issues affecting the mainstay

fisheries industry of the region is

not a straightforward matter. Fishing

is still a significant industry for the
Ghanaian economy as a whole, and

its rapid decline will clearly not add to
the wealth and social cohesion of the
nation. The only solution currently being
explored seriously is the establishment
of fish farms, for which a few select
pilot projects were taking hold, to the
great interest of the local industry.
Regulation of foreign commercial
fishing was dismissed as “unrealistic”
under current circumstances, even if
only to limit fish net gauge, so that the
smallest fish would escape unharmed
while promoting the continual
replenishment of stocks. Once again,
the preservation of the local mangrove
forests represents an obvious positive
response, with multiple benefits, even
if steps towards implementation are
unexplored and doubtful. Yet another
avenue to be explored, which could
lower the vulnerability of the community
through expanded incomes is providing
incentives and creating an enabling
environment for local entrepreneurs

to establish fish processing industries
to generate value-added goods with
broader market potential. Other options
worthy of consideration are certified,
sustainable fishing programmes and
the establishment of marine reserves.
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CONCLUSION

The hallmarks of climate stress are clearly evident in the
everyday life and the local environment of Ghana, whether in
downtown Accra—recovering from unprecedented floods—or
in coastal and northern savannah regions. More areas

were not visited, but the National Workshop organized as a
part of the research undertaken did highlight several other
zones of the country facing still different and significant
pressures characteristic of those areas, some of which are
also documented in local research (Asante et al., 2010;
EPA-Ghana, 2011; Tachie-Obeng et al., 2011). In every

case, climate change stress met head-on with local issues
not caused by climate change. In Accra, the floods were
exacerbated by poor drainage and waste disposal methods.
In the Volta delta, coastal infrastructure, unsound irrigation,
and the upstream Volta hydro dam compounded one another
in a context of growing climate-related sea-level rise. In the
northern region of Ghana, local deforestation and savannah
burning wove complex interrelationships with the extreme
heat and water stress that was eroding the rural livelihoods in
an area that in former times was the breadbasket for Ghana.
With 50 additional days that could be considered “hot” in
every current year, as compared with Ghana’s climate in the
1960s, the heat has nevertheless only just begun to increase;
a doubling, trebling, or more of the temperature increase

is expected over the next 20-30 years, given the inertia of
the global climate system (McSweeney et al., 2012; Hansen
et al., 2005). Thus, future climate stresses are likely to be
extreme and will continue to exploit the economic, social, and
environmental weaknesses of Ghana, and retard economic
growth and social and human development potential,
especially among the poorest communities. However, steps
taken by the government are heading in a promising direction,
and the success and relative stability of Ghana compared with
other countries in the region make it an interesting candidate
for a more concerted effort. United with the international
community, Ghana has the potential to show the way in
tackling the local impacts of climate change as they are
increasingly coming to the fore.
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KEY FIGURES

Population 87,840,000
2012 GDP PPP (Dollars)

Total $320,874,000,000
Per Capita $3,549
Real Growth 5.6%
ECONOMY

GDP by Sector

Primary/Extractive 22%
Secondary/Productive 40%
Tertiary/Services 37.7%

Key Sector(s) Industry
SOCIO-ECONOMIC DEVELOPMENT

Human Development (Rank) Medium (128th)
Life Expectancy 75.2 years
Annual Population Growth 1%
llliteracy 3.1%
Urban Population 31%
Access to Electricity 97.6%
Gender Development 48"
Undernourished Population (2006/08) 11%
Living below poverty line ($1,25/day) 13.1%
Population without Improved Water Source 12.2%
Official Development Assistance (% of GDP)) 4.4%
Public Health Expenditure 72%
Public Education Expenditure 5.3%
CLIMATE/GEOGRAPHY

Climate Zone Monsoon tropical

Projected Rainfall Change

Likely to increase by 1.0-5.2%

and 1.8-10.1%
Tropical Cyclones Yes (decreasing trend)
Desertification None
Low-Elevation Coastal Zone (10m and below) 20%
Forest Cover Change (1990-2008) 44.3%
MIGRATION/DISPLACEMENT
Emigration Rate 2.4%
Immigrants as Share of Total Population 0.1%
Internally Displaced People None

CLIMATE

CARBON

Impact Areas

Indicator

Gender
Confidence Bias
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The Monitor research team held a nationally-focused policy
workshop in the Vietnamese capital of Hanoi and undertook
field research in two provinces: Bén Tre, in the extreme
south of Vietnam, at one of the outlet points of the Mekong
Delta, and Yen Bai, in the highlands to the north-west of
Hanoi in northern Vietnam.

In recent years, Vietnam has consistently been one of the
world’s fastest growing economies and is an important
contributor to global growth (IMF WEO, 2012). Getting
climate policy right will enable Vietnam to grow even faster
and to accelerate its already impressive strides in reducing
poverty and safeguarding the health of its people, as
evidenced by the significant progress it has achieved with
respect to the Millennium Development Goals (0DI, 2010).
Among the countries most vulnerable to the effects of
climate change, especially in economic terms, Vietnam
also suffers serious health impacts from carbon-intensive
urban industrial and transport-related air pollution

and, especially in rural and highland areas, hazardous
household cooking and heating practices from the indoor
burning of wood, coal, and other materials. The full range
of climate-related effects is harming last mile efforts to
reduce poverty. The government has clearly recognized

the benefits of a strong response to climate change and
embraced efforts to begin low-carbon transition as a
means of increasing competitiveness. It has unequivocally
prioritized these steps in its policy directives and

foreign relations. As a result, it is taking concrete steps

to safeguard and enhance the economic, social, and
environmental dividends of its growth. This in itself is a
compelling message to the world, given that Vietnam is
anticipated to be among the largest economies of the 21st
century (O’Neill et al., 2005).

The country’s policy stance on climate change is
path-breaking for one with low-emissions and limited
responsibility for climate change experienced to date.
However, new research aggregated for the Monitor’s
assessment in this report suggests that there is still
further scope for enhancing these policies. Nevertheless,
the approach adopted serves as an important example of
success that other vulnerable countries around the world
would be well advised to examine in detail.
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220 | COUNTRY STUDIES

BACKGROUND AND CONTEXT

BACKGROUND AND CONTEXT

With a population of over 90 million
today, Vietnam is a populous and fast-
growing lower-middle-income South
East Asian country, bordering China

to the north and Laos and Cambodia
to the west (CIA, 2012). Vietnam is
similar in size to Germany or Japan. Its
climate is tropical monsoon and varies
from warm in the south to cool in parts
of the sub-tropical north; its climate
also changes depending on elevation
in the many mountainous parts of the
country.

Although economic growth has been
consistently fast in the last decade,
GDP per capita is still very low at
3,000 US dollar (PPP), or 1,200
dollars per capita in nominal terms,
but could increase ten times by 2030,
as anchored in IPCC marker scenarios
(IPCC, 2000). The affluent and
international urban centres of Hanoi
and Ho Chi Minh City contrast with the
less developed rural areas with their
still excessive poverty levels. A strong
education system and human capital,
as well as relatively robust institutional
governance and infrastructure indicate
that Vietnam’s capacity is not among
the lowest. For similar reasons and
due to its population size, the United
Nations has never considered Vietnam
a Least Developed Country. The country
carries relatively high macroeconomic
climate risk compared with more
advanced economies, since the
agricultural sector represents 20%

of GDP and employs over half of its
workforce. Reducing risks will involve
diversification of the labour force into
the industrial and service sectors, as
well as modernizing farming through
irrigation systems.

As the Vietnamese economy
experiences sustained high growth, it
will be a priority to limit the negative
effects of the industrialization

process associated with its structural
progression to higher income levels.
While Vietnam’s GHG emissions are low
at 3.5 tons per capita and are expected
to remain below 4 tons per capita

into the 2020s. Vietnam’s industrial,



THE MONITOR'S ASSESSMENT
OVERVIEW

urbanizing, power generation, and
socio-economic profiles mean have led
to high concentrations of fine particles,
which are extremely toxic. Moreover,
heavy reliance on firewood for domestic
cooking and heating poses serious
health risks (Climate Analytics, 2012).
Despite its strengths, the
environmental vulnerability of Vietnam
to climate change is extreme. Its
mountainous geography and coastal
frontage combine with exposure to
tropical cyclones (typhoons) and
storms which form in the western
Pacific Ocean, leaving the country
prone to extreme floods, landslides,
heavy rainfall, and high winds. The
low-lying Mekong delta is one of the
largest flood-prone zones of the world.
Most of the southern tip of the country,
including much of nearby Ho Chi Minh
City, are at less than one metre above
sea level. Vietnam’s tropical climate
will continue to heat up, bringing more
drought spells and fishery losses as
thermal conditions increasingly exceed
already elevated historical levels.
Social and economic vulnerabilities
are also high, especially in remote
highland communities. Insurance exists
for health care, but is rarely available
for farmers, fishing operations or even
infrastructure. Electricity grid access is
very high for the country as a whole, but
in some of the poorest communities, it
reaches just over half of all households,
where plumbed water sources are also
absent and malnutrition rates and the
associated stunting of children can be
commonplace.

1
" THE MONITOR'S ASSESSMENT
- OVERVIEW
On the basis of the Monitor’s
assessment, the impact of climate
change is estimated to have already
held back to a significant degree the
economic prosperity of Vietnam’s
fast-growing economy, effects which
are estimated here to grow steeply
in severity in the next 20 years.
Certainly, the top 10% of days and
nights previously considered “hot,”

CLIMATE CHANGE

a key indicator of climate change,

has increased in number by 30 and
50 respectively for a given year, as
compared with Vietnam’s 1960s
climate. Both are set to increase

even more substantially through to
mid-century and potentially beyond
(McSweeney et al., 2012).

The multi-dimensional vulnerability

of Vietnam to climate change is
considered in the highest category

of Acute and rising. Vulnerability to
the carbon economy is estimated

as Moderate and stable. Economic
impacts are the main sources of
Vietnam’s vulnerability, with human or
health effects being less extreme in
comparison with other countries. Total
economic losses are estimated to cost
Vietnam 5% of its GDP in net terms in
2010, growing to 11% of GDP by 2030,
as the country’s vulnerability shifts
from Severe to Acute over this period.
The economic cost of the carbon
economy is estimated at a much
lower 0.8% and is set to remain stable
relatively through to 2030. However,
the human cost of the carbon economy
is considered Severe and estimated
already to cause over 50,000 deaths
per year, increasing to over 60,000
deaths per year by 2030.

CLIMATE CHANGE

The following most serious climate
change impact areas are assessed (for
2010/2030) in order of the scale of
GDP losses from higher to lower:

- LABOUR PRODUCTIVITY, [XaViTE/ I
4.4%/8.6% of GDP

- SEA-LEVEL RISE, /
1.5%/2.7% of GDP

- FISHERIES, SaTEE/MIE
0.5%/1.6% of GDP

- AGRICULTURE, J{SEVERE
0.2%/0.4%

- HEATING AND COOLING, J/SEVERE|
0.1%/0.3% of GDP

- FLOODS AND LANDSLIDES, [XaifE/MIL=
0.1%/0.1% of GDP

- BIODIVERSITY, /

0.1%/0.1% of GDP

+ DROUGHT, [T/

0.1%/0.1% of GDP

The most serious health impacts

CARBON ECONOMY

related to climate change are
estimated to be Heat and Cold
llinesses and Hunger. Heat and Cold
Ilinesses, or mortality among chronic
disease sufferers during heat waves,
present particularly severe challenges
to the elderly, whereas Hunger
predominantly concerns young children.
While mortality is low in each case,

an average of over 800,000 people

is estimated to be affected each year
by the aggravating effect of climate
change on hunger.

The assessment used for Labour
Productivity and Sea-level Rise are
considered relatively reliable, whereas
other main impacts are more indicative
or less certain due to the limitations of
models relied upon for these indicators.
In terms of positive impacts due to
climate change assessed here, Vietnam
is understood to benefit very slightly
from additional water supply as a result
of additional rainfall, overcompensating
for heightened evaporation as the heat
increases. For similar reasons, Vietnam
is also estimated to experience a

slight decline in aridity in the driest
zones which could become more
humid. However, these findings are
based on global models (or IPCC

model ensembles) and their results
contrast with Vietnam’s own reference
scenarios, which project higher rates

of evaporation than rainfall, and large
declines in rain and river flows during
dry spells, which are not always offset
by increases in flood flows (Nohara et
al., 2006; Hansen et al., 2007; Vietnam
MONRE, 2010).

~CARBON ECONOMY

Regarding carbon economy cost in
human terms, Indoor Smoke is the
most serious concern, accounting
for just over 40,000 deaths per year
in 2010 and similar mortality levels
by 2030, as a result of disease from
exposure to smoke from indoor fires
for cooking and heating. Deaths due
to indoor smoke are stable, because
despite a fast expanding population,
economic growth is expected to see
many households adopt cleaner
burning fuels and stoves. Air Pollution
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NATIONAL RESPONSE
STATUS

is estimated to claim 10,000
casualties a year in 2010, rising to
over 20,000 deaths per year in 2030
as pollution levels rise. The northern
Red River basin around Hanoi has
significant, excessive levels of fine air
particulates from traffic and industrial
emissions which are highly hazardous
to human health. The country’s
current growth pathway would see
that worsen as economic growth and
industrialization expand (World Bank,
2012; Donkelaar et al., 2010).

In economic terms, the most
significant economic losses due to the
carbon economy concern Biodiversity
(2010/2030: 0.3%/0.6% GDP), Human
Health (2010/2030: 0.3%/0.3%) and
Fisheries (2010/2030: 0.2%/0.2%
GDP). The carbon economy effects

for Agriculture constitute a 0.2% loss
to GDP in 2010, but are converted
into a 0.1% gain to GDP by 2030,

due to the expected realization of
carbon fertilization benefits for crop
productivity. However, this gain to GDP
is more than offset by the expected
0.4% of GDP losses due to climate
change.

The human health impacts are
considered relatively reliable, whereas
impacts for Biodiversity, for instance,
are considered more indicative.
Fisheries impacts are labelled here as
speculative, due to the limited scientific
research currently available, especially
as regards the effects of various
pollutants, such as acid rain on key
species of fresh or brackish water fish
and aquatic life. The acidification of the
oceans as it absorbs CO, is however

a well established area of concern
(Sabine and Feely in Reay et al. (eds.),
2007; IPCC, 2007).

- NATIONAL RESPONSE

- STATUS

Policy development on climate
change in Vietnam has been a serious
and active field of activity for many
years. The 2007/8 “National Target
Programme to Respond to Climate
Change” (NTP-RCC) carved out the
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CLIMATE FINANCE

first major national policy framework
and committed over 50 million USD of
domestic resources to tackling climate
change, in particular to respond to the
impacts of climate change (Vietnam
MONRE, 2008). In 2012, Vietnam
launched its “National Climate Change
Strategy” (NCCS), which covers a range
of vulnerability and low-carbon issues
(Vietnam NCCS, 2011). The NCCS is
also fundamentally different from the
earlier National Target Programme, in
that it conveys firm directives of the
Executive to all relevant government
offices to bear responsibility for
implementation. The Strategy outlines
the following ten priority task areas for
implementation, which provide a useful
insight into the foundations of Vietnam’s
national response to climate change:
. Disaster preparedness

and climate monitoring
2. Food and water security
Sea-level rise

Protection and sustainable
development of forests
(carbon sinks and biodiversity)
GHG reductions

Increase of the role of government
Community capacity development
Scientific and technological
development
9. International cooperation

and integration
10. Diversification of financial resources
and investment effectiveness

Furthermore, concerted efforts to
implement climate change policy at the
regional level are also underway, with
one of the initial target provinces, Bén
Tre, visited as part of the field research
for the Monitor.

CLIMATE FINANCE

In 2010, Vietnam attracted the sixth
largest volume of international climate
change finance among developing
countries, totalling over 500 million
USD. Only Brazil, Egypt, Kenya,
India, and Indonesia received more
funds. However, with 200 million
USD targeting adaptation, Vietnam
was the single largest recipient of
Adaptation funds, and has a very
balanced allocation of international

—-
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resources between adaptation and
low-carbon investments. These funds
represent monies announced by
donor governments or multilateral
institutions to the main database

of the Organization for Economic
Co-operation and Development as
principally targeting climate change
(OECD CRS, 2012). They do not
necessarily represent funds supporting
the government of Vietnam’s climate
change policies and programmes,
although a share of these funds may,
indeed, be applied in this manner. In
the case of Vietnam, climate finance
is almost exclusively bi-lateral with
Japan as the largest climate donor,
followed by Germany and France.

The split of bilateral funds between
loans and grants is almost 90:10, so
most of the finance is in the form of
concessional loans.

All other factors remaining equal, the
high levels of vulnerability in Vietnam
and its relatively significant capacity
make the country a sensible early
priority destination for climate finance.
Vietnam is developing a robust climate
change policy and implementation
model that will be of interest and

use to other countries in similar
income and vulnerability strata, but
which, unlike Vietnam, have farther

to go in making progress on building
their multi-dimensional capacity for
implementation. Despite being the
largest contribution worldwide, the
200 million USD of external support
for adaptation is well below 0.1% of
Vietnam’s GDP and therefore pales in
comparison to the scale of economic
losses estimated at over 5% of GDP in
2010. In ideal circumstances, greatly
enhanced international support should
be forthcoming to assist Vietnam

in dealing with such large-scale
impacts. However, given the possible
scale of the shortfall and the low-end
prospects for large-scale increases in
foreign assistance, Vietnam will likely
come under increasing pressure to
invest available domestic resources

in order to preserve the resilience and
ensure the ongoing competitiveness of
its economy.

ASSETS

ASSETS

Several strong points are notable

hallmarks of Vietnam'’s response to

climate change:

- Strong Executive Leadership: The clear
support of the Prime Minister behind
the climate policy project of Vietnam
will be essential for meaningful
vertical (central, provincial, district/
municipal) and horizontal (across
multiple ministries/departments)
collaboration, necessary to strengthen
the country’s resilience to climate
change and seize key opportunities for
low-carbon development.

- Governance Mechanism: A clear and
comprehensive policy framework
and coordination mechanism has
been established with executive
authority and provides the substantive
and operational mechanism with
phasing, responsibilities, and
financial parameters outlined for
implementing Vietnam’s climate policy
response. The National Workshop
held in the context of the country
research undertaken highlighted how
moving from governance to effective
implementation and monitoring is now
becoming the overriding challenge for
Vietnam.

- National Reference Scenarios:
Vietnam has regularly updated and
communicated national climate
change scenarios with a high
resolution of sub-national information
across a range of key concerns such
as rainfall and evaporation, sea-level
rise, and others. Clarity on an agreed
set of reference scenarios is essential
to calibrating policy responses,
allocating/prioritizing resources and
anchoring expert debate; regular
updating is essential, given the fast
pace of knowledge development in
the field of climate change. In light
of this assessment for instance,
Vietnam might consider adding sea
and pond temperature and acidity
reference measures of concern to
the fisheries industry, and Wet Bulb
Globe Temperature (WBGT) of interest
to businesses, occupational safety
specialists, and economists.

- Vibrant National-level Civil Society:

GAPS

Engaged and concerned groups

of academics, non-governmental
organizations, international actors,
and other civil society actors
especially active in the nation’s
capital are a valuable resource for the
Government to draw upon, as it refines
and advances its climate change
policy project in the years ahead. The
group should be fostered and relied
upon to support the fine tuning of
policy development, implementation,
and monitoring.

* Buoyant International Support: The
Government has clearly indicated
to development partners the
importance of climate change as
a national development priority.
International development partner
donor governments, such as Japan
and France, and international financial
institutions including the World Bank
have responded by forming a “Support
Programme to Respond to Climate
Change” (SPRCC) coordination group
to assist Vietnam in its development
and implementation of climate change
policy; an evaluation mechanism
fiscal/loan support, including financial
resource commitments form a
growing share of Vietnam’s Official
Development Assistance (ODA), all
of which promote harmonization,
cooperation, action, and results.

+ Public Financial Commitments:
Vietnam has committed substantial
government mobilized funds to
the project, initially amounting to
approximately 50 million USD over a
5-6 year period.

* Key Sector Effects Addressed: The
existing climate change strategy and
policies of Vietnam already address
the majority of the key issues,
including sea-level rise, agriculture/
food and water security, heating
and cooling (through urban energy
efficiency), as well as disasters, such
as flooding and landslides.

“GAPS
Some gaps can be identified on the
basis of this Monitor’s innovative
assessment methodology. In 2010,
the first Monitor would have identified




very few gaps, testifying to the quickly

evolving nature of our understanding of

climate change. Gap areas which merit
further exploration by stakeholders
include:

- Labour Productivity: The most
significant impact for Vietnam as
assessed by the Monitor. It is to be
expected that it is not addressed by
current policies, since the effect has
not been included in any IPCC reports
to date (IPCC, 1990, 1995, 2001,
and 2007). However, in noting in its
2008 NTP that mines would require
more energy for cooling, Vietnam did
recognize the important relationship
between worker productivity and
rising heat (Vietnam MONRE, 2008).
Experts also noted ongoing inquiry
by the Vietnamese Ministry of
Labour - Invalids and Social Affairs
(MOLISA) into climate change effects.
With nearly half of its workforce
currently vulnerable to extreme
forms of occupational heat stress,
incorporating a response to this
large-scale economic impact would
be advisable for future climate policy
iterations (Kjellstrom et al., 2009a).

- Fisheries: The impact of climate
change on fisheries was recognized
in the 2008 NTP, but has yet to find
its way into an operational strategy
or response. On the basis of the
Monitor’'s assessment, Vietnam
has the largest total losses in the
fisheries sector due to climate change
of any country in the world. Losses
from climate change and the carbon
economy are over 0.7% of GDP in
2010, growing to nearly 2% of GDP by
2030. This is in part due to the sheer
scale of the country’s fishing sector,
and the vulnerabilities of its tropical
waters and unsustainably managed
fish stocks (UoC and Vietnam MPI,
2010). Therefore, building resilience
or limiting impacts in the fisheries
sector through improved fisheries
management would help to reinforce
any future climate policies.

- Low-carbon Objectives: The current
national policy includes increasing
energy efficiency across different
sectors, carbon sinks through forests

OTHER CHALLENGES
AND OPPORTUNITIES

and the share of renewable energy

in the power generation sector to

5% by 2020 and a modest 11%

by 2050. It also involves reducing
emissions from agriculture and

waste disposal in a comprehensive
low-carbon strategy. With carbon
economy losses representing 0.8%

of GDP and quite significant human
impacts particularly due to indoor
smoke, providing incentives for the
use of clean burning household fuels/
stoves and emission reductions that
also yield clean air benefits could
help Vietnam to maximize the social
and economic benefits of low-carbon
development. The Clean Development
Mechanism (CDM) should continue to
be drawn upon in order to maximize
low-carbon technology saturation that
will increase energy and economic
resilience and competitiveness, in
additional to their potential health,
social and environmental benefits. A
“Green Growth” strategy is set to be
adopted in 2012, which may provide
additional impetus to the work of
Vietnam in this area.

+ Regional/Transnational Dimensions:

Vietnam’s interests are directly
affected by the policies of neighbouring
countries. In particular, increased water
withdrawals and sediment withholding
infrastructure in the upstream

Mekong, such as in neighbouring Laos
and China, have direct impacts on
biodiversity, fisheries, coastal erosion,
and saline intrusion in the downstream
delta region in Vietnam. Vietnam’s
national policies could, therefore,
consider raising these concerns in

the context of the intergovernmental
Mekong River Commission, and seeking
to stimulate domestic policy responses
in other countries that are favourable to
its interests.

OTHER CHALLENGES AND OPPORTUNITIES

- Awareness: Country research stressed

the level of public awareness on

the issue of climate change as both

a challenge and an opportunity at
various levels, national, provincial, and
municipal. So much can be achieved
through awareness alone, from flood

safety to forest protection or farming
knowledge, that it was seen as a key
priority and features prominently also
in the National Strategy. However,
explaining complex concepts and
responses in terms accessible and
meaningful to different communities
was seen as a challenge. Wide-ranging
media: TV, radio, and the Internet,
could provide a range of possibilities
for reaching target audiences. Efforts
to raise awareness should focus

on options for practical action that
people can relate to and become
involved in implementing.

- Forestry and Payment for Ecosystem

Services/REDD+: Forest covers

almost half of the surface of Vietnam,
but land-use conversions, such as
wetlands to productive zones for
fisheries or agriculture, as well as
deforestation and forest degradation,
are all clearly at significant levels, as
evident from the country’s national
carbon inventory, where land usage
and change (LULUCF) make up 15%

of all emissions (Climate Analytics,
2012). Deforestation exacerbates
fresh water scarcity, flash flooding

and landslides, depletes natural
carbon sinks, pollutes the air,

and contributes to the erosion of
biodiversity, all impacts that drain
GDP and inhibit economic growth. The
National Strategy aims to stabilize

or increase forest cover, but given

the macroeconomic risks involved, it
may make sense for the Government
to give incentives to land holders or
local custodians to ensure sustainable
forest management through a payment
for ecosystem services scheme. Efforts
to maximize the potential of the UN
deforestation programme (REDD+)
should also be prioritized as a central
component in future climate strategies.

+ Monitoring and Evaluation:

Policymakers and the climate change
community in Hanoi expressed an
interest in enhancing monitoring and
evaluation efforts in order to promote
learning and improve the mobilization
and prioritization of resources towards
higher impact outcomes. Better
criteria for evaluation were seen as
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vital to ensuring quality control of
implementation projects.

- Safety Nets: In some of the poorest

parts of Vietnam, health services

are made available free of charge to
the lowest income groups including
ethnic minorities, with progressive
cost schemes depending on income
level for health services or insurance.
Emergency teams as state or volunteer
services are mobilized for on-the-spot
responses to extreme events.

- State Education System Reach:

Vietnam’s public school system is
present in every municipality and is a
major asset for responding to climate
change in vulnerable communities
around the country. The potential for
expanding awareness and education
programmes is high, while schools can
also support health monitoring and
food security among children, who are
a high-risk demographic group.

- Sustainable Fishing: Fishing is a

large industry, but facing growing
concerns about overfishing and fish
stock depletion due to unsustainable
practices (UoC and Vietnam MPI,
2010). Losses due to climate change
could be attenuated in part by
improving the sustainability of fishing
practices, and in this way the resilience
of fish stocks. Enforcing simple
regulations on fish net size (large
gauge) and promoting sustainable
produce certification for fishing
operations are just two examples of
compelling and simple options for
addressing unsustainable fishing.

+ Pollution Controls: In all regions visited,

industrial, domestic and agricultural
pollution was highlighted as a major
concern. From mining refuse to coal
plant slurry, pesticides, domestic
sewage and the use of poison to

catch fish, water resources were

being polluted, with negative effects
for fishing, biodiversity, and water
availability. The finding implied that
increasing resilience to climate-induced
water stress could be addressed in part
through improved waste management
across different sectors.
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BEN TRE - MEKONG OF

The Mekong delta of Vietnam is almost
identical in area and population size
to The Netherlands in Europe including
the Rhine and Meuse, Schelde Delta,
each spanning some 40,000 km?

with around 18 million inhabitants.
Bén Tre itself is one of a number of
low-lying coastal provinces in the

area and is heavily dependent on the
fishing industry, including intensive
aquaculture such as shrimp farming.
Hallmark concerns for the area relate
to sea-level rise, such as salt intrusion
into water and soils, fisheries impacts
due to warming waters and to a lesser
extent, air pollution. Drought as well
as heavy and unpredictable rains

were further concerns raised by the
community and these are highlighted
in the Monitor’s assessment. Sea-level
rise causes a range of effects, including
erosion of sea frontage and isolated
flooding especially during record tides
when the estuaries of the delta begin
to inundate the surrounding land. The
most serious current effect, however,
relates to the increasing salinity of

the waters as the sea pushes further
upstream the Mekong. Bén Tre’s

many downstream waterways are
undergoing a transformation as salty
water progressively replaces previously
fresh water, ultimately restricting the
availability of water for domestic and
agricultural purposes, and effectively
drying up this coastal community.

RESPONDING T0 SEA-LEVEL RISE

Needless to say, the very serious
impacts and imminent risks linked to
sea-level rise are of great concern.
Local adaptation plans aim to gradually
transform the Mekong delta into

a South-East Asian version of The
Netherlands, with a long list of intended
actions costing over 100 million

dollars in near-term investments for
the province of Bé&n Tre alone, only one
of 58 provinces in Vietnam. Although
50-60% of the plan is aimed at crucial
infrastructure investments, such as
dykes, polders, water supply works and
dams, including 65kms of concrete sea
walls and coastal defences reminiscent

of the Maginot Line, it nevertheless
represents a bargain, if compared to
the unthinkable costs such enormous
infrastructure investments might

incur in a developed country. A long-
term Mekong Delta “Master Plan”

is also under development with the
involvement of a Dutch consortium
(NWP, 2012). Local officials were

open about the fact that investment
needs far exceed what the community
could conceivably afford to invest,

and hoped that 90% of funds would

be forthcoming from the international
community and the central government.
The ability of the community to take

on loans to pay for all the intended
construction was also severely limited.
However, certain projects were reported
to be potentially justifiable as loans,

in light of the anticipated increases

in agricultural production that would
result from implementation. This
suggests some scope for communities
and businesses to pay for construction
costs of water infrastructure later on
the basis of expanded incomes.

With almost the entire province lying
below only one metre above sea-level,
the whole area would be underwater
by the end of the century according to
the mid-point of the IPCC’s estimates
(IPCC, 2007). Since the last IPCC
report, much higher estimates have
been consistently put forward,
suggesting that the IPCC is at the
low-end of possible outcomes (RSNZ,
2010; Fussel in Edenhofer et al. (eds.),
2012). At the moment, however, sea-
level rise is a more manageable 2-3mm
per year, or 1 cm every 3-5 years
(Vietnam MONRE, 2010; NASA Climate,
2012). Given that it is not likely that
international resources will ever be
made available to fund infrastructure
for an expanse of over 60kms of
coastline over the next five years, a
diversification of the response strategy
is likely called for.

In a broader context, it is evident that
climate-driven sea-level rise is not

the only factor aggravating Bén Tre’s
water-related concerns. Two important
issues are equally worrisome. If
adequately addressed, they might well

help to alleviate or offset some of the
climate-related stress being felt and at
a lower cost than solid infrastructure
responses.

First, an intensification of agriculture in
the area has used water pumped from
underground or from canals to meet
growing irrigation needs. The water
volume removed from local supplies

is therefore increasing in a context

of growing water scarcity. Increasing
heat and drought due to climate
change remain a likely exacerbating
factor. However, withdrawal of ground
water contributes to land subsidence,
or sinking land, which heightens
inundation vulnerabilities and can
result in perceived sea-level rise
(Larson et al., 2001).

Rainfall, especially in heavy
concentrations, is predicted to increase
for much of Vietnam due to climate
change, as the Earth’s hydrological
system is accelerating (Vietnam
MONRE, 2010). An alternative to
expensive large-scale water generation
facilities are low-cost, locally produced
water catchment and storage units that
harvest rainfall for subsequent use

for domestic purposes; however, the
available area for artificial catchment
would likely fall short of meeting the
needs of the agricultural industry.

The second key factor is also linked

to the booming agricultural industry

of the broader region. From the ocean
frontage of Bén Tre back through the
Mekong across Vietnam and reaching
to the hinterlands of Cambodia,

the agricultural boom has been
sustained by large-scale irrigation
systems that are fed by the Mekong
itself. Upstream, not only in Vietnam
but also in Cambodia, this is often
accomplished through the construction
of dams or dikes that help ensure a
predictable water supply at specific
points. On the whole, however, the
Mekong’s flow rate may be affected by
a large-scale diversion of its water for
irrigation (Fredén, 2011). Furthermore,
dams built for irrigation purposes

also trap riverine sediment upstream,
depriving the downstream river delta
of crucial alluvial deposits vital to its
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environmental integrity (Baran, 2010;
Yang et al., 2005). A slowing river flow
might therefore also be responsible
for increasing contamination of
downstream zones in water with a high
salt content as the Mekong’s ability to
force back oceanic tidal movements is
compromised. It is unclear whether or
not an expected increase in river flow
due to climate change would offset

a growing intensification of water
withdrawals (Vietnam MONRE, 2010).
The retention of sediment also has a
further negative impact on marine and
freshwater biodiversity and fisheries
by reducing the nutrient content of the
lower Mekong, as experts confirmed.
Nor is does the question concern the
suffering of downstream Bén Tre alone.
The ecosystem of all parts of the delta
system being tightly interlinked, local
experts stressed the interdependence
of fish movements. With the local
biological richness of B&n Tre declining,
its ability to serve as a corridor for fish
migrations upstream is compromised
and is leading to a decline in fish
stocks in non-coastal delta provinces.
Therefore, there is a strong incentive
for inter-provincial cooperation to
ensure that common resources are
managed effectively and for the
benefit of all. However, according

to experts, this type of cooperation
was still at the exploratory phase.

The upstream provincial university

at Can Tho for instance had recently
formed “MekongNet,” to foster greater
understanding and cooperation around
shared Mekong river interests.

At a national level, the long-term
development objectives of neighbouring
Cambodia have direct implications

for the prosperity and risks facing the
downstream delta communities of
Vietnam, such as Bén Tre, Can Tho,
and others. Therefore, transnational
cooperation on issues affecting the
Mekong river are a serious economic,
environmental, and livelihood concern
for Vietnam—even more so considering
the growing array of considerations
linked to climate change. Working
more actively with the Mekong River
Commission, prioritizing the issue

in formal bilateral relations with
Cambodia and clearly spelling out the
concern in future national policies,
would constitute steps forward in
addressing these challenges.

SUSTAINABLY MANAGING
AQUACULTURE AND FISHERIES

Catch fisheries and aquaculture,
particularly shrimping, are the
dominant industries and sources of
livelihood in B&n Tre. Serious exposure
of the fisheries industry to climate and
carbon risks did not, however, appear
to be a major local consideration. And
at the same time that the industry is a
major income earner, it is also capital
intensive and highly risky. If disease
breaks out in a shrimp pond, the entire
harvest is compromised, and possibly
also in the neighbouring ponds. So,
while the industry is an important
income earner, it is also the sector that
incurs frequent losses. No insurance
was reported to be available for such
high-risk activities as commercial pond
shrimping.

Furthermore, experts confirmed

that water temperature and acidity
(pH) were fundamental concerns for
controlled fish or shellfish ponds and
directly linked to disease outcomes.
Increasing heat and pollution-related
water acidity would only heighten

the risk of disease. Government
intervention appeared to be limited

to issuing guidelines during periods of
extreme heat, to try and limit the loss
of fish or shellfish from farms.

One systemic vulnerability identified for
the aquaculture/shrimp industry was
the quality of hatcheries. High quality
disease-resistant seedlings are bought
at extra cost that is hard to justify when
a neighbouring pond might purchase
the low-cost version and contract and
pass on disease anyway. Improving
seed supply for shrimp is an important
response to this concern: Stricter
regulation ensuring highest quality
control for all hatcheries could ensure
that all farmers use disease resistant
seedlings to begin with, reducing

system wide risks and losses. The
increased resilience should help offset
to some extent the mounting concerns
over water temperature and acidity.

In terms of catch fishing, there did not
appear to be any serious regulation
targeting overfishing and experts
referenced the use of poison for fishing
and the harmful effect of sewerage
and aquaculture pond refuse on free-
roaming fish stocks.

Higher prices were reported for fish

or shellfish produced under certified
sustainable conditions. They provide
an economic advantage, which, in most
cases, outweighs the extra capital
required to ensure compliance with
certification schemes, such as MSC.
However, many fishermen could not
afford the additional financial outlay.
With sustainable fishing programmes
only beginning to appear, the full
possibilities for such programmes
were understood to be high. Building
the capacity of producers by offering
detailed training programmes was seen
as an important step for promoting
wider adoption of sustainable

fishing activities. Financial stimuli

or incentives are also likely to be
necessary to help operators make the
transition to certified operations.

Establishing and enforcing strict
regulations on net size (gauge) was
another important measure that
helped to avoid depletion of young fish
stocks and support the sustainable
replenishment of fish.

Finally, the preservation of coastal
mangrove forests was viewed as

an important priority for enhancing
biodiversity that could improve the
quality and quantity of local fish stocks.
Mangrove swamps serve several
functions: naturally accreting sediment
that stems coastal erosion and warding
off sea-level rise and the contamination
of coastal water lenses due to salt
intrusion. Mangroves also reduce
sea-to-land wind speeds during severe
storms, and help to limit the damage
caused by extreme weather. According
to local experts, some preservation
zones had been established, but

in areas where mangroves were

not protected, the forests were in
decline, due to a combination of local
plundering and coastal stress. There
seemed to be few if any arguments for
not protecting and seeking to expand
the entirety of the remaining mangrove
forests. The main driver for degradation
of the forests is pressure to enlist more
space for agriculture or aquaculture.
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Therefore, regulations and monitoring
would be required to ensure protection.
Yen Béi is a large and relatively
populous province in the north-west
highland region of Vietnam. It is

a heavily forested area with an
agriculture-based economy active in
the valley zones, with several hydro-
energy installations in place. Farmers
produce staple crops, such as rice and
cassava, and, depending on the zones,
cultivate plants ranging from tea to fruit
trees, and in certain areas, also raise
livestock. The dominant form of energy
for cooking and heating is wood and
biomass for indoor fires/stoves, with
all the health risks that this practice
implies.

The area of Yen Bai visited by the
project researchers has a very low per
capita income and high proportions

of minority ethnic groups, living at the
socio-economic margin. No specific
climate change adaptation plans

were in place or under development
for that area. However, a number of
government-led initiatives address key
climate-related vulnerabilities and local
officials had participated in workshops
on climate change policies as a

part of recent provincial and central
government initiatives.

SOCIAL VULNERABILITIES

The main climate change risks for

the region are extreme weather and
shifting climate patterns, with flooding,
drought, and agricultural concerns
emphasized. Levels of socio-economic
vulnerability were very high, with child
malnutrition rates and stunting at
10-20% or higher in certain villages.
Although mortality was reportedly
very low, children and the elderly are
the high-risk groups. Some 40% of
households were without electricity,
and similar levels of households,
especially in poorer villages, were
without an improved or plumbed water
source. Other climate-related health
concerns included a recent cholera
outbreak in a remote community.
However, programmes promoting
personal hygiene and other education

initiatives had apparently made
strides in reducing a variety of health
concerns in recent years. In the
poorest communities, refrigeration was
unusual, and air conditioning was to
be found only in upscale restaurants
or hotels.

EXTREME WEATHER
AND IMPACTS

Experts reported a clear shift in the
last 5-7 years in weather patterns.

The abruptness and timing of season
changes was a hallmark alteration. One
school visited by the research team
had 60 children absent for reasons of
illness, attributed to the sudden arrival
of warm weather. Large amounts of
stone debris brought downstream in
recent flooding were visible in most
main waterways. Tractors were in
some locations clearing the debris and
locals attested to the expense of flood
cleanup operations. Prolonged hot and
dry spells were widely reported to be
more common and had led to livestock
and crop losses and reductions in
stream-flow during these periods.
Higher temperatures were a concern for
agriculture and forestry due to water
stress and insect and plant disease
outbreaks. A hotter climate was forcing
farmers to abandon some traditional
crops—one form of cabbage was cited
as no longer able to grow effectively.
Although winters were now shorter

and the hot periods of the year longer,
the area had also experienced several
extreme cold snaps that had caused
health concerns and livestock losses,
testifying to the volatility of weather in
this area. No insurance schemes were
available for crop or livestock losses
due to such extremes of weather or
drought. But public irrigation works
were ensuring wider access to reliable
water sources and it was hoped these
would be further expanded.

A number of government-linked

rural extension programmes were
operational in the region, assisting
farmers to grow new varieties of crops,
such as those promising to be more
suitable to warmer conditions, and to

bring higher yields and higher market
prices. However, improved varieties

of rice required more attention and
technical care from farmers, indicating
the importance of access to training
and knowledge, as farmers made the
shift in their crops and cultivation. The
timing of planting and harvesting was
cited as particularly important. Weather
forecasting information was made
readily accessible and was regularly
consulted by local farmers, with rural
extension officers also promoting the
practice.

SCHOOLS AND EDUCATION

Disaster education programmes were
being successfully piloted in a number
of schools, although the focus was
mainly on personal safety, such as
avoiding riverbanks during heavy rains.
However, environmental and climate
issues were set to be introduced in
two schools visited, following training
sessions for teachers on these

issues. Schools were already active

in teaching children to help preserve
forests, to cultivate climate-resistant
vegetables outside their homes as a
food supplement, and to follow basic
sanitary guidelines. Children from the
poorest remote communities were also
lodged and fed at the school during
term time for minimal fees.

Evidence of behavioural change as a
result of these initiatives was cited and
teachers confirmed that children also
passed on what they learned to their
parents and relatives. The importance
of education was underscored by

the number of houses in some of the
lowest-income villages that lacked

any improved water source, but did
posses colour televisions with satellite
dishes. There were also limits to
knowledge: hardship was cited as

one of the main causes of local forest
degradation, since people with no other
alternatives would rely as a last resort
on the forests by chopping down trees
in order to sustain their livelihoods.
Teachers suggested that the impact

of educational programmes might
nevertheless be improved by offering

prizes in extra-curricula student
competitions on environmental/
climate issues; even very low-cost
items such as sun caps could make
the programmes more attractive, well
attended, and broaden results.
Schools also worked in close
cooperation with health stations
monitoring children and their families
and alerting and referring sick children
who needed early intervention. In
several schools, children whose
families could not feed them would also
receive free meals.

HYDRO-ENERGY

On the basis of the Monitor’s
assessment, Vietnam is expected to
experience modest benefits for its
Hydro-Energy sector as a result of
higher levels of rainfall. Local experts
explained that more dry spells during
the hotter seasons would not affect
production for energy installations with
reservoirs, if annual rainfall (or runoff)
were to increase. However, installations
without reservoirs which relied instead
on a constant stream-flow would

be negatively affected. Increasing

the immediate water catchment
potential and quality of surrounding
land could potentially offset any
losses. In particular, the high-altitude
forests absorb more water (by “cloud
catching”) and also release it more
slowly and regularly, which helps to
diminish the severity of droughts
(Postel and Thompson, 2005). On

the whole, the bulk of hydro energy

in Vietnam is being produced from
reservoir type installations.

Local hydro-energy producers had also
successfully accredited projects with
the Clean Development Mechanism
(CDM) and were able to confirm that
the additional income stream provided
by the sale of carbon credits as
Certified Emission Reductions (CER)
was the determining factor in making
the installations commercially viable.
Therefore, local entrepreneurs planned
to undergo the 1-2 year registration
process as a part of all future business



expansion efforts for new energy
installations.

TOWARDS COMMUNITY
RESILIENCE

A boost to the resilience of Yen Bai as
it comes to grips with a warmer and
more volatile climate could expand

on and reinforce various initiatives
already under way as described

above. Schools and health stations
are active institutions at the centre of
the poorest communities doing crucial
work but severely lacking in resources.
Reinforcing the ability of schools and
health centres to deliver social support
would likely yield immediate results
for the most vulnerable communities.
Supporting farmers as they make the
transition to higher-yielding, higher-
value crops is an ongoing priority, as is
the expansion of irrigation works.
Preserving, growing and sustainably
managing the forests of Yen Bai is also
a public good that will reinforce the
environmental resilience of the region
with positive benefits for farmers and
their families, and advantages for
hydro-energy installations. The CDM is
already being used to support large-
scale energy projects in the region.
However, CDM projects could also be
developed as bundled programmes

of activity, in particular to promote

the dissemination of clean-burning

or low-emission cooking/heating
stoves (UNDP, 2011). This would

help to address both the indoor

smoke health risks and the forest
degradation concerns of the region.
Local manufacturing of appropriate and
low-cost stoves may yield an additional
economic dividend. Policymakers

may also be interested to consider
offering lifeline payments to forest
holders or custodians, especially ethnic
minority groups for forest stewardship,
giving them incentives to preserve

and sustainably manage the region’s
forests.

Finally, the very limited access to either
crop/farm and infrastructure insurance
or finance for small-scale farmers also

merits attention. The government has
an interest to increase the transfer of
risks to the insurance industry and to
expand access to finance in order to
support enhanced economic growth.
Microfinance and micro-insurance
schemes have met with success in
other countries in communities of
similar income levels, and these could
provide inspiration for applying such
tools in Yen Béi and other parts of rural
Vietnam (Jansson, 2010).
Micro-insurance is of interest for a
number of reasons. First and foremost,
because communities with the highest
levels of vulnerability, such as the
subsistence farmers of Yen Bai, risk
much more of their livelihoods to
extreme weather events than any
other segment of the population.
Since micro-insurance is by definition
affordable and should be offered on

a sustainable and equitable business
model for all concerned, it offers

the prospect of breaking part of the
cycle that links poverty so closely to
vulnerability (Churchill and Matul,
2012). The fact that health care
insurance is widespread, even among
the poorest communities in Vietnam
demonstrates the viability of the
concept for other concerns, particularly
in the agricultural context, such as for
crops and livestock. If farmers have
income protection from year to year,
their productivity can be regularized
and enhanced. When farmers are
insured, they are also more likely to

be able to access finance to enhance
their yields and income further (Zeller
and Sharma, 2000). Ultimately, all
this will boost economic growth and
public finances, which can, in turn, be
reinvested in more sustainable growth
and should more than justify any outlay
to provide incentives in partnership
with competent organizations.
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CONCLUSION

Vietnam has made an impressive beginning in tackling climate
change, in particular from a government policy perspective.
The country serves as a case of interest for other developing
countries now considering how to meet the national climate
change policy challenge. It has consolidated helpful
assistance from foreign partners and, with pilot activities

in select provinces, has begun to tackle the larger task of
implementing its policies on the ground. As climate change
is estimated in the Monitor to cause significant negative
externalities for Vietnam, tackling the problem effectively
should provide an economic boost for the country. Raising
community level awareness, while fostering local sources of
knowledge and the people’s capacity to engage with climate
change and take actions at the community level will enhance
their impact. Likewise, focusing on monitoring and evaluating
project performance will lead to higher-quality projects and
better results.

Vietnam would do well to focus energies on core
macroeconomic risks, such as improving resource
management in the fisheries sector and responses to

labour productivity exposure, as well as promoting ongoing
diversification of the economy onto a lower-risk service

and industrial sector-orientated footing. Opportunity

should also be taken to help those remaining vulnerable
communities to become more resilient through programmes
such as education campaigns or encouraging the use of
agro-insurance. Developing the interlinkages with low-carbon
concerns on forestry, wetland or mangrove preservation

and indoor household fuel use, and taking advantage

of technology transfer and financing through the Clean
Development Mechanism will all help to maximize economic,
social and environmental benefits. With the anticipated
intensification of climate change stresses in the immediate
years and decades ahead, early action and investment will
surely guarantee the highest dividends.
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0il sands, or tar sands, are an
unconventional source of petroleum
extracted from an asphalt bitumen
sand-like substance

With the projected expansion of oil
demand over the next twenty years,
unconventional fuels, like synthetic crude
from oil sands, will make up a significant
proportion of the new supply

0il sands involve large scale localized
ecological damage that is costly to
remedy: some environmental damage is
thought irreversible

0il sand exploitation is highly
concentrated with over 90% of all today’s
production in Canada, although a small
number of mainly developing countries
also have important reserves
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o-called “unconventional fuels”,
including oil sand-derived
synthetic crude as well as
shale oil and gas, make up an
increasing share of the global
energy mix and are poised to
contribute significantly to meeting the
surging global demand for fossil fuels
expected in the two decades ahead
(US EIA, 2011). Unconventional fuels
are more costly to extract than ordinary
crude oil or natural gas because they
involve separating out the hydrocarbon
fuels from rocks, sand and other debris.
The extraction process is water, energy
and emission intensive, and generates
large volumes of environmental debris
and toxic sludge waste (Severson-Baker
and Reynolds, 2005; Tenenbaum, 2009;
Giesey et al., 2010). Over 600km2 of
land in Canada has now been disturbed
by oil sand exploitation with 600 million
tons of toxic waste by-products from
this process now held in over 100km2
of “slurry” ponds (Reuter et al., 2010).
The potential growth in environmental
risks is significant: proven recoverable
reserves are 300 times today’s annual
production and bitumen deposits
that could become recoverable, given
technological advances, lie beneath
some 140,000 km2 of land, an area
almost the size of Bangladesh (GoA,

2012). The Canadian government aims
to make Canada an “Energy Superpower”
on the back of its oil sand production.
Prime Minister, Stephen Harper, has
likened this aspiration to “the building

of the pyramids or China’s Great Wall.
Only bigger” (Canada OPM, 20086). Qil
sands are expected to more than double
in production scale over the next 20
years, with a handful of countries outside
Canada also having important deposits
of the resource (CAPP, 2011; World
Energy Council, 2010).

HAZARD MECHANISM

There are two main types of oil sands
exploitation: open pit mining, which
involves digging and excavation of
bitumen sands containing oil, and
various forms of pumping, termed

“in situ” extraction. Both processes
involve large quantities of water and
often solvents to aid the extraction

by increasing the fluidity of otherwise
highly dense and viscous bitumen
sands (Canada NEB, 1996). In order to
access the sands via mining, as much
as 75 metres of ground soil including
all vegetation, usually boreal forests,
is removed. On average some two tons
of land is removed per barrel of oil
extracted (Reuter et al., 2010). Pumping

° SURGE

out bitumen oil in situ involves injecting
steam and industrial solvents into the
ground before pumping out liquefied
bitumen (OSDG, 2009).

Each barrel of oil produced generates
eight barrels of waste slurry (so-called
“fine tailings”) with current production
ataround 1.5 million barrels of oil a day
(Reuter et al., 2010; CAPP, 2011). The
refuse slurry generated by extraction

is highly acidic and acutely toxic to
aquatic life (Allen, 2008). Numerous
different types of pollutants from these
processes, including cadmium, copper,
lead and mercury, have been released
into adjacent waterways, exceeding

in many cases local concentration
guidelines for fresh water in nearby
populated areas (Kelly et al., 2010).

To date there has only been minimal
reclamation of land to remedy the
degradation caused. Experts have
estimated that around two thirds of

all peatlands damaged by oil sand
exploitation would be permanently
impaired and irrecoverable (GoA, 2012;
Rooney et al., 2012).

If action is not taken to treat open
waste ponds, through steps such as
“bioremediation”, which accelerates
natural processes to reduce their toxicity,
the environmental damage in terms of
human health, water, ecosystems and
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otherwise, is very likely to exceed any
treatment costs (Reuter et al., 2010).

IMPACTS

The environmental impact of oil sands
is estimated at over seven billion dollars
a year today. As oil sand production

is expected to expand, including into
other countries, the total environmental
costs are set to grow to nearly 25 billion
dollars a year in 2030, assuming that
much of the world’s known reserves
have been brought into production
(World Energy Council, 2010).

Current and prospective oil sand
reserves outside Canada include

those found in Angola, China, Congo,
Indonesia, Italy, Madagascar, Nigeria,
Russia, Trinidad and Tobago and the
US. Indonesia, Russia and the US have
already commenced small-scale levels
of production.

Canada is, and will continue to be,
worst affected by the environmental
impact of oil sands. By 2030, however,
Madagascar, Congo and Nigeria are
also expected to suffer significant
costs linked to the exploitation of

this resource, provided exploitation is
carried out. The costs for Canada would
grow from seven to 20 billion dollars a
year by 2030.
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THE INDICATOR

The indicator measures the
environmental costs of oil

sands exploitation by the proxy
of measuring the costs of
accelerated clean-up, through
“bioremediation”, of toxic wastes
generated. It is assumed that
remediation costs are less than
or equal to the environmental
and health damages that would
result if no measures were taken
to protect the environment.
Currently Canadian oil firms are
subject to regulations that could
be more forceful in ensuring
strict environmental protection
measures are complied with: to
date the vast majority of toxic
waste is untreated (Reuter et

al., 2010). Only a small group of
countries with significant reserves
(four with existing production) are
taken into account (World Energy
Council, 2010). Environmental
“bioremediation” costs per barrel
of oil are assumed to be equal
for all countries concerned,
which could prove an estimation
limitation. However, there are
few precedents against which to
assess the costs.

(3]

COUNTRY 2010 2030 2010
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Vulnerability measure:
comparative losses as
a share of GDP in USD
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95" water drilling are expected to cause
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mprovements in operating safety
leading to decreased risks of oil
spills in recent decades have
occurred in parallel to increases
in consumption and new risks
associated with deep-water
drilling now expected to lead to even
greater damage in the years to come
in spite of progress made. The April,
2010 BP Gulf of Mexico oil disaster,
triggered by an explosion on the ultra
deep-water Macondo Well rig, released
five million barrels of crude oil into the
sea. The unabated stream flowed for
months and led to tens of billions of
dollars of direct economic damage and
profound ecological consequences.
Half a year after the spill 32,000
square miles of sea remained closed
with much of the American fishing
industry unable to operate (Graham
and Reilly, 2011). The oil firms
themselves and their shareholders
also suffered: BP saw its share price
fall by more than half in a matter of
months and is still to recover as tens
of billions of dollars in value were
erased forever (Grant, 2010). Analysis
has shown that similar incidents cause
affected companies roughly 10%
losses in market value six months after
such accidents (Laguna and Capelle-
Blancard, 2010). From 2002 to 2015,

deep-water oil exploitation is expected
to emerge as a major source of fuel,
growing from 2% to around 12% of

all global oil production (Douglas-
Westwood, 2010). With it the danger of
repeats of the Gulf of Mexico disaster
will only increase: the risk of abnormal
incidents on offshore facilities triples
for deep-water oil platforms operating
in water depths below 300 metres or
1,000 ft (Cohen, 2011).

HAZARD MECHANISM

The vast majority of oil spills

occur in the world’s oceans as the
principal global energy source - oil

- is transported to feed a worldwide
demand for a product with highly
restricted geographical availability
(ERC, 2009; US EIA, 2011). Qil spills
occur along global supply chains
between key source and destination
nodes. When an oil spill occurs there
is a predictable and measurable
relationship between the amount of
surface water contaminated and a
corresponding economic loss divided
between environmental or biodiversity
costs, such as the decimation of birds
and other local wildlife populations,
socio-economic costs, such as the
loss of fishing revenues, and spill

° SURGE

response costs, which include the cost
of clean-up (Etkin, 2004). The level of
economic costs ultimately experienced
is determined by factors such as the
location of the spills (far offshore, or in
a coastal area), the type of oil released
into the environment (more viscous and
therefore more costly to remove, or vice
versa), and environmental conditions
prevailing in the days and weeks
following the incident (such as ocean
currents that disperse or concentrate oil
slicks) (McCay, 2004).

IMPACTS

The global impact of oil spills on the
world economy is estimated at 12
billion dollars a year today, and is
expected to nearly triple to more than
30 billion dollars a year in 2030 but
with losses remaining stable as a share
of GDP.

On the basis of historical trends in

oil spills only a limited number of
countries are expected to suffer
disproportionately from the growing risk
of oil spills. Some 25 countries show
globally significant vulnerabilities to oil
spills, each either major oil producing
or consuming countries, global

supply chain nodes like Singapore or
neighbouring states.
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Middle East countries such as Kuwait
and Saudi Arabia top the list of those
countries most vulnerable to oil

spills. The greatest share of effects is
estimated to impact Kuwait, Russia,
Saudi Arabia and the US, each suffering
more than one billion dollars in average
annual losses in 2010. These cost
estimations are averages, so that one
billion dollars of losses in one year
might represent a 20 billion dollar loss
once every 20 years.

Q VULNERABILITY SHIFT

2030 W 1
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2010 W8 1

2030 W3
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2010 W8 2
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2010 4
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2010

2030
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2010

0 INDICATOR INFORMATION

M[]I]EI. Muehlenbachs et al., 2011; Schmidt, 2004;
Westwood, 2010

BASE DATA: ceore, 2010; Tiyse, 2010

@Acute @ Severe High Moderate @ Low

Number of major oil spills per decade

(over 10,000 tones of oil spilled)
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COUNTRY 2010 2030 2010 2030
Kuwait 3250 15000 8250 9,000
Ecuador 350 1,500 2750 3,000
Saudi Arabia 2000 8000 8250 9000
Uzbekistan 250 850 4250 4750
g
Angola %0 850 4250 4500
Lebanon 65 250 400 450
Mozambique 2 65 1,250 1,250
Singapore 300 1250 500 500
Australia 100 200 550 600
Brazil 5 20 50 55
Canada 0 3 80 85
China 60 350 600 650
France B5 150 400 400
India 1 9 15 15
Ireland 5 5 15 15
Italy 450 750 2250 2500
Japan 60 90 300 300
Mexico 5 % a0 45
Nigeria 40 150 1000 1250
Norway 2 30 15 85
Pakistan %100 450 500
Philippines 1 5 20 20
Russia 300 1000 1500 1750
South Africa 5 10 Bl 3%
South Korea 55 20 150 150
Spain 500 800 2250 2500
Ukraine 1 5 10 10
United Arab Emirates 5 200 250 250

COUNTRY
United Kingdom
United States
Yemen

LOW
Afghanistan
Albania

Algeria

Antigua and Barbuda
Argentina
Armenia

Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium

Belize

Benin

Bhutan

Bolivia

Bosnia and Herzegovina
Botswana
Brunei

Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde
Central African Republic

COUNTRY
Chad

Chile
Colombia
Comoros
Congo
Costa Rica
Cote d,Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica

Dominican Republic

DR Congo
Egypt

El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Fiji

Finland
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Grenada
Guatemala

THE INDICATOR

The indicator measures the
costs of oil spills in terms of
environmental damage and is
based on a pooled database of
information on global oil spill
incidents (Etkin, 2004; Tryse,
2010; CEDRE, 2012; Center for
Tankship Excellence, 2012).
Costs are assumed to affect
countries listed as sites for oil
spills in the past, which biases
the predicted distribution of

oil spill disasters. These might
otherwise only be estimated in

a semi-random manner, since
each oil spill event is unique and
random. It also does not take
account of shifts in production
that could occur over the next 20
years as new countries discover
and expand exploitation, in
particular of large scale offshore
oil reserves: Brazil, for instance,
is expected to become the world’s
fourth largest non-Organisation
of Petroleum Exporting Countries
(OPEC) supplier of conventional
oil by 2035 (US EIA, 2011). Cost
estimates of spills have been
based on incidents in the US,
with costs for other countries
determined in relation to GDP.

(3] o

2010 2030 010 2030

e Additional economic costs (million USD PPP) - yearly average
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@Acute @Severe High ©Moderate @ Low

CARBON VULNERABILITY

Vulnerability measure:
comparative losses as
a share of GDP in USD
(national)

(3]

o

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2000 2030 counTrY 2010 2030 010 2030
Guinea Mauritania Slovakia
Guinea-Bissau Mauritius Slovenia
Guyana Micronesia Solomon Islands
Haiti MOldOVé Somalia
Honduras Mongolia SriLanka
Hungary Morocco
Sudan/South Sudan
Iceland Myanmar )
Ind Namibia Suriname
Iran Nepal d
Iraq Netherlands Sweden
Israel New Zealand Switzerland
Jamaica i Syria
Jordan Niger ki
Ki North Korea Tanzania
Kenya Oman Thailand
Kiribati Palau )
Timor-Leste

Kyrgyzstan Panama
Laos Papua New Guinea Togo
Latvia Paraguay Tonga
Lesotho Peru Trinidad and Tobago
Liberia Poland Tunisia
Libya Portugal Turkey
Lithuania Qatar i
L g L Tuvalu
Macedonia Rwanda Uganda
Madagascar Saint Lucia

> o Uruguay
Malawi Saint Vincent
Mal Vanuatu

Samoa

Maldives Sao Tome and Principe
Mali Senegal Vietnam
Malta hell Zambia
Marshall Islands Sierra Leone Zimbabwe

o Gallons of oil spilled (thousands) - yearly average
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lobal biodiversity is
undergoing a period of
phenomenal decline across
all major land-based and
aquatic ecosystems (WWF,
2012). Measured in economic
terms the costs of decline in global
biodiversity have been estimated at
close to seven trillion dollars today,
or around 10% of global GDP (UNEP,
2010). This represents the impact
of the sum of human activities and
changes made to the environment.
Carbon economy and GHG emissions
that could be eliminated through
targeted mitigation efforts are
estimated to contribute a modest
share of these costs. The effects
of climate change further affect
biodiversity independently from the
direct effects of pollution. Solving
climate change will not resolve the
biodiversity crisis facing the planet but
it will significantly help.

HAZARD MECHANISM

Biodiversity comprises the totality of
all genes, species, and ecosystems.
When healthy, ecosystems provide so-
called ecosystem services to economic
systems in abundance: including water
catchment, pest control, pollination, air

purification, heat regulation, drought
stabilization or numerous other values
(Mace et al. in Hassan et al. (eds.),
2005). Businesses and communities
operating in eco-service abundant
areas ultimately reap the benefits
through lower operating costs or higher
productivity (Costanza et al., 1997;
Bayon and Jenkins, 2010). Industrial
or transport-related emissions, such
as high-sulphur-content acid rain and
ground-level ozone, are toxic for plants
and have a negative effect on primary
productivity, affecting plant growth
and health. That negative effect is
transferred to the whole ecosystem
and damages the abundance and
quality of ecosystem services
generated. Communities, businesses
and economies ultimately suffer these
losses through reduced prosperity and
returns to investors (UNEP, 2010).

IMPACTS

The global impact of GHG emissions

on biodiversity is causing large-scale
and widespread losses, estimated at
over 290 billion dollars for 2010. As the
carbon economy is expected to expand
over the next 20 years, these losses
will climb to 1.7 trillion dollars by 2030,
doubling in scale in proportion to GDP.

° SURGE
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Around 20 countries are acutely
vulnerable to these effects, all tropical
developing countries with highly
abundant ecosystems in Africa, Latin
America and Southeast Asia. The
impacts will undermine development,
especially since lowest income groups
are more dependent on ecosystem
services, such as water treatment,
pollination and pest control. The
greatest overall effects, however, are
suffered by the world’s most powerful
economies: the US, China, Russia and
Brazil, each with losses numbering

in the tens of billions of dollars. The
US is estimated to already suffer 80
billion dollars' worth of lost biodiversity
potential in the year 2010.

Q VULNERABILITY SHIFT

2030 @@l 3

ACUTE
2010 WA 2
w0

2030
SEVERE
2010 WAl

2030 27
HIGH
2010 24

2030
MODERATE 91

2010
107

2030 @@ g @ 33
Low
2010 @ i @i il 8 33

0 INDICATOR INFORMATION

M[]DE'. Costanza, 2006; Hooper, 2012; Reilly, 2008

BASE []ATA 0ECD, 2012; Reilly, 2008

@Acute @ Severe High Moderate @ Low

Q WA = 5 countries (rounded)
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THE INDICATOR

The indicator measures losses in
biodiversity richness resulting from
ground-level ozone toxicity and
acid rain and their effect on net
primary productivity (Reilly, 2007;
Hooper et al., 2012). The change is
mapped on the basis of vegetation
distribution and translated into
losses in ecosystem services value
per hectare per year (Costanza

et al., 2007). While emissions
intensities and projections are
fairly reliable, the indicator is

very sensitive to changes in the
relationship between acid rain and
ozone and their effects on primary
productivity. Vegetation changes
introduce further uncertainty
(Ruesch and Gibbs, 2008). Overall
however, the large difference
between countries currently rich in
biodiversity - those countries with
the most at stake - and those with
comparatively little, is a principal
factor in determining vulnerability.

(3] o (3]

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Mozambique T
Angola 4500 30000 ¥ panama 1700 5250 | Afghanistan 10 65
Belize 150 1000 ¥ sierra Leone 85 550 | Albania 30 200
Bolivia 4,000 30,000 Algeria 60 450
Botswana 600 4000 | Australia 8500 25000 | Armenia 15 85
Brunei 100 5500 © Benin 150 950 | Austria 250 800
Cameroon 1,250 1750 | cambodia 300 3500 | Azerbaijan 45 300
Central African Republic 400 2500 | canada 10000 30000 | Bangladesh 55 400
Congo 1,250 1250 | chad 100 650 | Belarus 250 1750
DR Congo 1,000 6,500 | chile 1750 15000 © Belgium 55 150
Equatorial Guinea 1,250 1250 © Colombia 5500 40,000 | Bosnia and Herzegovina 50 350
Gabon 5250 35000 © comoros 5 25 | Bulgaria 150 1,000
Guinea 300 2000 | costa Rica 250 2,000 | Burkina Faso 15 0
Guinea-Bissau 55 350 | Ecuador 1,000 8,000 © Burundi 1 10
Guyana 2250 15000 | Finland 850 2500 | china 20,000 200,000
Laos 350 3750 | Gambia 0 100 | Croatia 10 500
Liberia 55 350 | Ghana 00 4000 | cuba B0 1780
Nicaragua 400 3000 | Guatemala 350 2150 | Cyprus 5 15
Papua New Guinea 1500 15000 | Honduras 400 3250 | Czech Republic 100 800
Paraguay 1500 10000 | indonesia 10000 90,000 | Denmark 55 150
Peru 7250 55000 | Mexico 6000 60000 | Dijibouti 1
Suriname 1,250 9,000 Namibia 150 1,000 | Egypt 10 80
Timor-Leste 150 1500 | New Zealand 1,000 3000 | ElSalvador 200 1,230
Zambia 600 3150 Philippines 1750 15000 | Eritrea 1 5
[SEVERE. e 15,000 100000 | Estonia 3B %0
Argentina 9000 70,000  Tanzania 500 3,000 © Ethiopia 95 650
Bhutan 55 450 Togo 45 300 | France 950 3,000
Brazil 35000 300000 | uganda 200 1,500 | Georgia 65 450
Cote d, lvoire 100 4500 | united States 80000 250,000 | Germany 750 2,250
Madagascar 250 1150 | Uruguay 200 1500 © Greece 350 1,000
Malaysia 1750 60000 | venezuela 4000 30000 | Hungary 95 650
Mongolia 150 1,750 India 2750 20,000

9 Additional economic costs (million USD PPP) - yearly average
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CARBON VULNERABILITY

Vulnerability measure:
comparative losses as
a share of GDP in USD

@Acute @Severe High ©Moderate @ Low

(national)
(s (s (s
COUNTRY 2010 2030 COUNTRY 2010 2030 counTry 010 2030
Iran 550 4250 i 200 1500 | Barbados
Iraq 10 85 | Rwanda 1 15 || Cape Verde
Ireland 100 350 | Saudi Arabia 35 250§ Dominica
Israel 10 10 Senegal 60 400§ Dominican Republic
Italy 550 1750 | Slovakia 100 190§ Fiji
Japan 5250 15000 | Slovenia 50 350 | Grenada
Jordan 1 5 | Somalia 10 50 Haii
K 350 2250 | South Africa L1500 8000 § \oina
Kenya 100 650 © South Korea 350 2,150 Jamaica
Kyrgyzstan % 150 | Spain 1250 3500 iribati
Latvia 4 300 | sriLanka 300 2280 )
Lebanon 10 70 Sudan/South Sudan 40 30 | Kuvalt
Lesotho 5 % | Swaziland 5 g5 | Maldives
Libya 15 150 | Sweden 1000 3250 | Maita
Lithuania 65 450 | Switzerland 85 250 hall Islands
Luxemb 5 15 | syria 5 50 iti
Macedonia 3 250 jikis 10 0§ wi
Malawi 3 250 | Thailand 1750 15000 § myanmar
Mali 30 200 Tunisia 20 150§ Palau
Mauritani 10 55 | Turkey 650 2000 | qatar
Moldova 10 50 i Ll %0 | saintLucia
Morocco 3 250 Ukraine B0 220 | gintvincent
Nepal 150 1,000 | United Arab Emirates 5 30 Samoa
Netherlands 45 150 | United Kingdom 350 1,000 Sa0Tome and Pincipe
Niger 5 40 | Uzbekistan 0 150
Nigeria 900 6000  vietnam 800 50 § °
North Korea 15 150 | Yemen 15 100 | Singapore
Norway 450 1250 | Zimbabwe 30 200 | Solomonislands
Oman 10 j(lm Low Tonga
Pakistan 100 800 | Antigua and Barbuda Trinidad and Tobago
Poland 400 2750 |} Bah Tuvalu
Portugal 250 750 N Bahrain Vanuatu
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CORROSION
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e CONFIDENCE

SPECULATIVE [ e
Air pollution from industrial,

PERYEAR H"'I'mN AEEE— residential and transport emissions
causes costly damage to infrastructure,
vehicles and other materials

2[]3" EFFEET T[]M[]RR[]W = The corrosion effect is most

e severe where industrialized or newly-
industrializing countries lack controls

USD LOSS B".I."]N on harmful emissions such as sulphur
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dioxide and that rely intensively on
coal power generation, an important
contributor to acid rain
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ir pollution and the acid rain
and smog associated with it
accelerate the corrosion of
materials and infrastructure,
in particular metals. The
impact of acid rain is visible
on the green streaking of bronze
monuments in major metropolitan
areas of industrialized countries where
it has leached at their protective
patina (Bernardi et al., 2009). The
US EPA estimated costs to Americans
from acid-proofing the paint of
automobiles at 60 million dollars a
year (US EPA, 2010). In the 1970s,
not one government had regulations
on air pollution aimed at reducing
acid rain. Since the 1990s, however,
many governments have implemented
regulations that have drastically
reduced the environmental impact
of the worst forms of acid rain and
smog in North America and Europe.
Those regulations have cost effectively
contributed to clean air in a testament
to the economic and social viability of
such actions to reduce the impact of
pollution (Munton et al. in Young (ed.),
1999; Burns et al., 2011).
It has long been recognized that where
newly industrializing and transition
economies lack those same regulations,
especially where coal combustion

is unrestrained, acid rain and smog
present a serious challenge (Hart,
1996). These effects of pollution

also create major economic concerns
for many countries. The World Bank
estimated that in 2003 alone corrosion
of material and infrastructure due

to acid rain cost southern China
hundreds of millions of dollars (World
Bank, 2005). Places like Nigeria are
yet to show any significant impacts,
although continued and unregulated
industrialization in fast emerging
economies can only lead to damages
similar to those seen elsewhere (Okafor
etal., 2009).

HAZARD MECHANISM

Air pollutants such as sulphur dioxide,
nitrogen dioxide and other gases

such as ozone derived from industrial,
residential and transport emissions,
especially coal burning, become
corrosive when they dissolve in rain

or otherwise come into contact with
buildings, cars and other infrastructure.
Ordinary water has a pH value of 7, but
ordinary rain is more acidic at a pH

of 5.6 because of ambient CO2. Even
in the US today, rain rendered more
acidic through air pollution can lower pH
values to 4.3 (US EPA, 2007). Elevated

° SURGE

levels of sulphur dioxide and other
harmful pollutants accelerate corrosion
of a wide range of metals, which can
cause cosmetic and structural damage
(Mellanby (ed.), 1988). Corrosion rates
in metals such as steel accelerate as
exposure time grows and resistance falls
(Lin et al., 2011b).

Concrete is also vulnerable to
degradation, which raises concerns for
the vast new quantities of infrastructure
being erected in areas with highly
concentrated acid rains such as China
(Shah et al., 2000; Jiangang, 2011;
Huifang Guo et al., 2012). Historic
buildings are often especially vulnerable,
in particular when stones with low acidity
resistance, such as limestone, have been
used in construction (Camuffo, 1992).
Infrastructure under ground, such as
pipes, can also be damaged if acid rain
affects soil pH (Ismail and EI Shamy,
2009).

IMPACTS

Globally, the annual cost of damages to
materials and infrastructure from acid
rain corrosion is estimated to have been
1.5 billion dollars for the year 2010,
with that figure expected to grow slightly
as a share of GDP to 5 billion dollars a
year by 2030.

HABITAT CHANGE! 247

The countries most severely affected
include parts of East and South Asia,
Eastern Europe and the Middle East,
including China, India, Russia and
Bangladesh. China has the largest
overall losses, estimated to reach over
2 billion dollars a year by 2030. Other
large-scale losses occur in India, South
Korea, Russia, the US and Japan.

In general, newly-industrializing and
fast-emerging economies as well as
transition economies, such as Bulgaria,
are particularly vulnerable, while
developed countries with emission
regulations and lower-income countries
with little industry are less affected or
unaffected.
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COUNTRY 2010 2030
Bangladesh 5 25
Bulgaria 5 10
China 00 2250
Egypt 15 80
India 100 550
Israel 15 3
Japan 150 150
Jordan 1 10
Lebanon 10 i
Macedonia 1 1
Portugal 15 15
Russia 60 20
South Korea 80 450
Tunisia 1 10
[ SEveRE
Albania 1 1
Belgium 15 15
Bosnia and Herzegovina 1 1
Hungary 5 15
Pakistan 10 i
Poland 0 50
Romania 5 15
South Africa 10 30
Syria 1 10
Thailand 10 45
Turkey 10 0
Ukraine 5 20
Algeria 1 5
Azerbaijan 1 1
Cameroon 1 1

COUNTRY
Croatia
Czech Republic
Denmark
France
Germany
Indonesia
Iran

Iraq
Kazakhstan
Mexico
Morocco
Netherlands
Nigeria
North Korea
Oman
Slovakia
Slovenia
Tajikistan

United Kingdom

United States
Venezuela
Vietnam
Zimbabwe

Argentina
Australia
Austria
Belarus
Brazil
Canada
Chile
Colombia

(3]

2010

— = ro

1
9
1
0
0
9
0
1
1
9
1
9
1
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2030

1
10

4
200

20
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THE INDICATOR

The indicator measures the cost
of the corrosive effect of acid rain
on materials and infrastructure.
Emissions of sulphur dioxide
(S02) are used to determine the
level of acid rain, and that level is
translated into damages according
to intensity on the basis of a
World Bank study in China and the
assumed relation of infrastructure
density to population density
(EDGAR, 2012; World Bank,
2005; Hoekstra et al., 2010).
Emissions were projected to 2030
on the basis of regional changes
estimated by the Organization

for Economic Co-operation and
Development (OECD, 2012). The
main weaknesses of the indicator
relate to the extrapolation of

the damage from a study in just
one country and the simplified
assumptions relating to
infrastructure.

COUNTRY 2010 2030
Estonia

Finland

Georgia

Greece 1 1
Ireland

Italy 10 10
Kyrgyzstan

Latvia

Libya 1
Malaysia 1 5
Peru
Philippines
Saudi Arabia
Spain
Sweden

— e
— o S en

Switzerland

Turkmenistan

United Arab Emirates 1
Uzbekistan 1 1
Yemen 1
Zambia

LOW

Afghanistan

Angola

Antigua and Barbuda

Armenia

Bahamas

Bahrain

Barbados

Belize

Benin

Bhutan

9 Additional economic costs (million USD PPP) - yearly average
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@Acute @Severe High ©Moderate @ Low

CARBON VULNERABILITY

secee

Vulnerability measure:
comparative losses as
a share of GDP in USD
(national)

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Bolivia Guyana Palau
Botswana Haiti Panama
Brunei Honduras Papua New Guinea
Burkina Faso Iceland Paraguay
Burundi Jamaica
Qatar
Cambodia Kenya Rwand
Cape Verde Kiribati w.an a )
Central African Republic Kuwait Saint Lucia
Chad Laos Saint Vincent
Comoros Lesotho Samoa
Congo Liberia Sao Tome and Principe
Costa Rica Lithuania Senegal
Cote d,Ivoire Luxembourg Seychelles
Cuba Madagascar Sierra Leone
Cyprus Malawi Singapore
Djibouti Maldives
. X Solomon Islands

Dominica Mali i
Dominican Republic Malta Somalia
DR Congo Marshall Islands SriLanka
Ecuador Mauritania Sudan/South Sudan
El Salvador Mauritius Suriname
Equatorial Guinea Micronesia Swaziland
Eritrea Moldova Tanzania
Ethiopia Mongolia Timor-Leste
Fiji Mozambique Togo
Gabon Myanmar

X - Tonga
Gambia Namibia Trinidad and Tob
Ghana Nepal rinidad and Tobago
Grenada New Zealand Tuvalu
Guatemala Nicaragua Uganda
Guinea Niger Uruguay
Guinea-Bissau Norway Vanuatu

o

o
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Bodies of fresh water become acidic
when continuously subjected to highly
acidic rainfall as a result of air pollution
from local or regional heavy industries

Local vulnerabilities are higher where
soils are more acidic and fail to reduce
the acidity level of polluted rains

Acidic water is toxic for fish, if used
for irrigation it is toxic for crops, if drunk
it is toxic for human health, and if used
for industrial purposes, it can corrode
and damage technical infrastructure

If acidic water is not treated, the
costs incurred further down the supply
chain are likely to be greater and more
harmful to populations and the economy

- USA ...

-~ BELARUS ...

20 POLAND o,

100 UKRAINE 600
100 RUSSIA 500

o $ ~ Losses per million USD of GDP

e Economic Cost (2010 PPP non-discounted)
e Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



cid rain is a by-product of
heavy industrial emissions,
in particular nitrogen oxide
(NOX) and sulphur dioxide
(S02). Acid rain has a variety
of effects including the
acidification of inland bodies of water,
such as lakes and rivers. Problems
resulting from acidic water include
reductions in agricultural productivity,
water biodiversity, human health and
recreational options. (Driscoll et al.,
2001; Vérosmarty et al., 2010). Water
can, of course, be treated to reduce
acidity, but at a cost. The level of
heavy industrial emissions does not
directly correspond to the highest
levels of vulnerability because of the
complex role that soil chemistry plays
in attenuating or exacerbating the
impact of acid rain. Soils that have
been subjected to heavy emissions
for long periods of time have their
capacity to buffer acid rain depleted
and allow more acidity to accumulate
in bodies of water (Jeziorskietal
et al., 2008). This explains why
industrialized nations from Russia
through western Europe to North
America are particularly vulnerable
to acid rain, while for the time being
China, whose concentrations of acid
rain are the world’s highest, is still

relatively resilient to its impact (OECD,
2012). China’s buffering capacity has
also been enhanced in the north of the
country by natural alkaline dust blown
in from the deserts (Larssen et al.,
2006). Other recently industrialized
countries like Thailand have been

less fortunate and suffer more severe
effects. The impact of air-borne
pollution on water resources is
widespread and understood to inflict
significant damage for a wide-ranging
group of economies across Africa, Asia
and Europe in particular.

HAZARD MECHANISM

Practically everywhere where dense
heavy industry is found today there are
significant local sources of highly acidic
aerosols, such as sulphur and nitrogen
dioxide. A share of these aerosols finds
its way to ground level within a certain
proximity to the source of emissions
(Mehta, 2010). Acidic emission debris
is distributed either through acid rain
or as dry deposits, where, if the supply
is continuous, it accumulates and can
render entire bodies of water highly
acidic: in some northern and eastern
areas of the US, the EPA gauged
through a survey in the 1980s that
4.2% of all lakes and 2.7% of streams

° SURGE

were acidic (Stoddard et al., 2003).
Acidic water has measurable impacts
on organisms, and at a certain level
becomes lethal to most fish species
(lkuta et al., 2008). Acidic water is also
toxic for human consumption in many
cases, because it increases the rate at
which heavy metals dissolve, among
other concerns (Kumar, 2012). Plants,
and hence agricultural production, also
suffer losses as a result of sustained
exposure to high levels of acidity (World
Bank, 2005). Therefore, acidic water
must be treated, or else risk incurring
higher costs than that of treatment.
Vulnerability to acid contamination of
water varies considerably worldwide in
accordance with the natural ability of
land to neutralize acidity.

The chemical composition and
absorptive potential of the soil in
particular determines the rate at which
acidity shocks can be diffused (Stoddard
etal., 2003). Industrialized countries
are seriously exposed since buffering
capacity has been depleted by more
than a century of harmful emissions:
China, India and South Africa generally
have a high soil neutralizing capacity,
whereas the eastern US, western Europe
and Russia all have high vulnerability to
acid contamination (Vorosmarty

etal., 2010).
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IMPACTS

The global impact of acid rain due to
industrial processes on water resources
is estimated at a modest five billion
dollars in 2010. It is assumed these
effects will double by 2030 but remain
stable as a share of GDP with losses of
ten billion dollars a year.

Around 20 countries are considered
acutely vulnerable to the impact of acid
rain on water resources, in particular in
Africa, Eastern Europe and South-East
Asia. The largest share of the impact is
estimated to concern Eastern European
countries like Belarus and Poland, each
of which experienced upwards of 200
million dollars of losses in 2010. The
greatest total losses concern the US,
with over 1.5 billion dollars of losses
per year in 2010. Given the lower levels
of emissions among lower-income

and least developed countries, many
of these are not affected to the same
degree as industrialized and major
emerging economies, so the effect is
not considered a major impediment to
poverty reduction efforts.
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COUNTRY 2010 2030
ACUTE

Belarus 300 1250
Bhutan 1 5
Bosnia and Herzegovina 5 %
Czech Republic 0 20
Finland 0 6%
Latvia %100
Lithuania 65 300
Macedonia 10 45
Moldova 0 4
Paraguay 5 30
Poland 200 650
Romania 7350
Ukraine 100 600
SEVERE

Albania 1 15
Croatia 10 60
Estonia 5 15
Hungary 35 100
Laos 1 15
Portugal 50 65
Slovenia 10 2
Sweden 60 80
Thailand 85 450
Brazil 90 400
Bulgaria 5 20
Burundi 1
Cambodia 1 10
Canada 150 200
Central African Republic 1
Cote d'Ivoire 1 10

2010

1500
45
300
2250
1750

20
4250
150
600

2030

COUNTRY 2010 2030 2010 2030
Denmark 30 35 1,000 900
France 150 200 4750 4250
Germany 350 450 10,000 8,750
Ireland 15 il 400 350
Luxembourg 5 5 65 55
Netherlands i 50 950 850
Norway 15 0 450 400
Russia 100 500 4500 5250
Rwanda 1 1 200 250
Spain 90 100 2750 2500
Uganda 1 10 750 1,000
United States 1500 2250 30000 25000
Vietnam N 150 2000 3000
Angola 1 5 150 200
Argentina 1
Australia 10 10 250 200
Austria 15 15 300 %50
Bangladesh 1 10 400 550
Belgium 10 10 250 200
Bolivia 1 5 95 1
Burkina Faso 5 10
Cameroon 1 5 200 300
Chad 1 30 Ll
Chile

China 45 300 3,50 3750
Colombia 1 5 10 100
Congo 1 1 80 100
DR Congo 1 5 1000 1500
Ecuador 1 10 15
Eritrea 10 15
Ethiopia 1 30 40

COUNTRY
Gabon
Ghana
Greece
Guinea
India
Indonesia
Italy

Japan
Kazakhstan
Kenya
Malawi
Malaysia
Mali
Mongolia
Mozambique
Myanmar
Nepal
Nigeria
North Korea
Pakistan
Peru
Slovakia
South Korea
Sudan/South Sudan
Switzerland
Tanzania
Turkey
United Kingdom
Venezuela
Zambia
Zimbabwe

THE INDICATOR

The indicator measures the impact
of acid rain on water. It assesses
the extent to which emissions
linked to acid rain would be likely
to affect ground-level acidity of
water bodies, and then calculates
the cost of treating the acidified
water for the anticipated demand
of communities affected (OECD,
2012; Vorosmarty et al., 2010).
The indicator assumes a minimal
cost basis since untreated water
in populated and/or agriculturally
productive areas mapped for the
purpose would be likely to have
greater negative effects than the
cost of water treatment (Hoekstra
et al., 2010; Portmann et al.,
2010). A weakness of the indicator
is not factoring in possible changes
in soil acid buffering capacity of
such rapidly emerging economies
like China, which may result in
underestimation of 2030 impacts.

2010 2030 010 2030

1 5 20 330
0 1 330 300

%

0 10 320 380
1 5 20 20

1 1 80 10
LU ] 300 20
1 5 95 1
9 9

1 80 100

1 15 9 150
5 9

15 2

1 5 200 300
10 15

1 1 90 100
| 2 30
115 350 500
110 80 100
5 b 150 100
30150 630 850
1 1 100 150
| 1 30 2
1 5 330 450
5 5 150 20
% 100 2500 2,000
5B 400 950
2 30

10 10

e Additional economic costs (million USD PPP) - yearly average
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CARBON VULNERABILITY

Vulnerability measure:
comparative losses as
a share of GDP in USD

@Acute @Severe High ©Moderate @ Low

(national)
(3] © (3] © (3] ©
COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 20010 2030 counTRY 2010 2030 010 2030
LOW Honduras Qatar
i Iceland Saint Lucia

Algeria Iran Saint Vincent
Antigua and Barbuda Iraq Samoa
Armeni? Israel Sao Tome and Principe
ﬁzeLrbauan Jamaica Saudi Arabia

5 Jordan Senegal
Bahrain Kiribati ol
Barbados Kuwait )
Belize Kyrgyzstan S!erra Leone
Benin Lebanon Singap
Botswana Lesotho Solomon Istands
Brunei Liberia Somalia
Cape Verde Libya South Africa
Comoros Madagascar SriLanka
Costa Rica Maldives Suriname
Cuba Malta Swaziland
Cyprus Islands Syria
Djibouti N i ki
Dominica M Timor-Leste
Dominican Republic Mexico Togo
Egypt Mi Tonga
B Salva.dor - Morocco Trinidad and Tobago
Equatorial Guinea Namibia .
Fij New Zealand Tunisia
Gambia
Georgia Niger Tivaly
Grenada Oman United Arab Emirates
G Palau Uruguay
Guinea-Bissau Panama Uzbekistan
Guyana Papua New Guinea Vanuatu
Haiti Philippines Yemen

@ Volume of water to treat (millions m?) - yearly average
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Cities are home to over half the world’s
population and growing, all concentrated
on only 2% of its surface area, producing
80% of all GHG emissions

Where there are no strict emission
controls, air contaminants from industry
and transportation may become toxic
and lethal

Air pollution is a leading cause of
death globally, triggering cancer, heart
disease, and acute respiratory ilinesses,
and common asthma

Technology and government regulation
play a major role in making the air safer

However, access to technology and
capacity to implement regulation are
lowest in parts of the developing world
where air pollution is highest

500 CH I NA 800

« INDIA .,

s PAKISTAN .,

55 UNITED STATES 75
65 RUSSIA 70

Q Deaths

e Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized

o @ = Deaths per million
.

& Change in relation to overall global population and/or GDP

@ © sition of USD (2010 PPP non-discounted)




reventing or reducing air

contamination relies on a

community’s or region’s

determination to ensure

safety and health. Technology,

such as particle filters for
vehicles, high quality refined fuels,
and regulations on clean air are the
main tools for limiting toxic emissions.
Air pollution and its negative effects
for health can and have been brought
under control through these means in
major economies of the world (Khan
and Swartz, 2007). Although many
developing countries have struggled to
implement emission standards, they
remain locked out of technological
solutions for access, capacity, and
financial reasons. However, some
evidence for alternative regulation
policies through incentives rather
than penalties has demonstrated a
potentially separate route (Blackman
et al., 2010). Furthermore, low-tech
responses, such as increasing urban
tree cover, have also been proven to
yield dividends for clean air (Nowak et
al., 2006).

HAZARD MECHANISM

Air pollution is caused when fossil
or biomass fuels are burnt, often

incompletely, by vehicles, in industrial
settings, or through residential heating
and cooking (Barman et al., 2010).
These emissions contaminate the local
environment at ground level, resulting
in illness, which is dependent on the
length of exposure to pollutants and
the dose received (Hewitt and Jackson
eds., 2009). Fine particles suspended
in the air through these processes

are small enough to be inhaled and
represent a primary hazard. Research
consistently shows a high rate of
disease resulting from prolonged
exposure to elevated levels of ambient
air pollution, in particular due to heart
disease, lung cancer, and respiratory
illnesses, but also asthma and other
ilinesses such as allergies (World
Health Organization (WHO), 2004;
Cohen et al., 2005; Chen et al., 2008;
Brook et al., 2010; Bell et al., 2007;
Sheffield et al., 2011; D’Amato, 2011).
Reducing particulate concentrations

in areas of high pollution by around
half can cut mortality by 15% (WHO,
2006). Experts have calculated that
half a year of life is added for every 10
micrograms (ug) fewer fine particulates
(PM2.5) per cubic meter of ambient air,
ora 1-2% increase in mortality rates
for several major diseases per 10ug/
m3 more particulates (Pope et al.,

° SURGE

2009; Zanobetti and Schwartz, 2009).
Currently, the global average of fine
particle pollution is 20ug/m3 (PM2.5).
China’s major industrial zones have

the world’s highest concentrations, at
over 100ug (PM2.5). More than half the
population of East Asia currently exceeds
the World Health Organization’s 35ug
(PM2.5) uppermost safety limit (WHO,
2006). By comparison, recommended
levels are below 10pg, a full order

of magnitude under China’s lethal
concentrations (Donkelaar et al., 2010).
Urban residents of industrial centres in
developing economies face the highest
and fastest growing risks (Campbell-
Lendrum and Corvalan, 2007).

IMPACTS

Air pollution is estimated to kill 1.4
million people a year today in industrial
and fast-emerging economies. That
impact is expected to exceed 2.1 million
deaths per year in 2030. Even as global
population increases steadily over the
next 20 years, deaths caused by air
pollution are expected to grow as a share
of population since the carbon intensive
growth and urbanization, particularly

of developing countries, exposes wider
populations to toxic air environments
(Hewitt and Jackson eds., 2009).
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The most severe impacts are seen in
former Soviet Union countries, such

as Russia and the Ukraine, where
heavy industrial emissions from the
early 1990s, 1980s and earlier still
contribute to high incidences of cancer,
cardiopulmonary and respiratory
ilinesses. However, major emerging
economies, especially China, Iran, and
Pakistan have very similar and acute
levels of vulnerability. Certain developed
countries, such as Singapore and
Greece, are highly vulnerable because
they have important contemporary
concentrations of small air particulates.
Other advanced economies that have
drastically cut pollutant levels, such as
the UK or Latvia, also still experience
an elevated disease burden from earlier
periods of intense pollution.

In terms of total impacts, China

is estimated to account for nearly
800,000 deaths due to air pollution

by 2030, with India half that level at
around 350,000 deaths. Pakistan,

the US and Russia would each suffer
70-100,000 deaths by 2030.Children
are particularly vulnerable in particular
to mortality resulting from acute
respiratory illnesses worsened by high
levels of particulate exposure, as well as
other sicknesses (WHO, 2004; Nordling
et al., 2008; Charpin et al., 2009).
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Effects are widely felt, with over

one hundred countries experiencing
heightened impacts. But a large
number of countries are also relatively
unaffected, paradoxically as a

result of either very low or very high
development, which either rules out
industrialization or facilitates tight
constraints on emissions, respectively.
Given the short time frame of the
Monitor’s analysis (to 2030) and

the way in which the assessment is
calculated, it is possible that impacts
are underestimated for such newly
industrializing countries as Bangladesh
or Thailand, where mortality may not
show up in national health data for five
to ten years, or later, after the explosion
of pollution effects.

o

COUNTRY 2010 2030 2010
ACUTE

Argentina 9,500 10000 100,000
Armenia 2,000 2,000 20,000
Belarus 3500 3,500 60,000
Bosnia and Herzegovina 2,000 2,000 20,000
Bulgaria 4000 4,000 35,000
Chile 3,500 4,500 35,000
China 500000 800,000 4,500,000
Congo 1,000 2,000 15,000
Cote d'Ivoire 3,500 5,500 60,000
Croatia 1,000 1,500 15,000
Cuba 3,000 3,500 30,000
Cyprus 300 350 5,000
Djibouti 300 400 3000
Gabon 350 600 6,500
Georgia 2,000 2,000 25,000
Greece 3,500 4,000 40,000
Hungary 2,000 2,500 25,000
India 200000 350,000 2,000,000
Iran 20,000 40000 250,000
Iraq 1500 10,000 70,000
Israel 2,000 3,000 25,000
Jordan 1500 2,000 15,000
Kazakhstan 6,500 8,000 85,000
Latvia 1,000 1,000 10,000
Lebanon 1,000 1,500 15,000
Libya 2500 3,500 25,000
Lithuania 100 150 8,000
Macedonia 600 100 1500
Moldova 1500 1500 10,000
Mongolia 600 150 4,500
Morocco 6,500 9,000 65,000

2030

150,000
30,000
100,000
30,000
35,000
95,000
8,000,000
40,000
150,000
15,000
45,000
8,500
5,500
15,000
35,000
45,000
30,000
6,000,000
800,000
150,000
45,000
30,000
150,000
15,000
20,000
45,000
10,000
10,000
15,000
6,000
100,000

COUNTRY
North Korea
Pakistan
Portugal
Romania
Russia
Singapore
South Korea
Turkey

Ukraine

United Kingdom
SEVERE
Afghanistan
Angola

Austria
Azerbaijan
Belgium

Benin

Brazil
Cameroon
Central African Republic
Chad

Czech Republic
Denmark
Dominican Republic
DR Congo
Egypt
Equatorial Guinea
Fiji

France
Germany
Guinea
Guinea-Bissau

2010
6,000
45,000
3,000
1500
65,000
1,500
10,000
25,000
30,000
15,000

4,000
2000
1,000
1,500
1,500
1,000
25,000
3,500
600
1,000
1,500
300
1,500
8,000
15,000
100
100
1500
10,000
1,500
200

2030
1,000
100,000
3,000
8,000
10,000
2,500
15,000
35,000
30,000
15,000

10,000
4,000
1,500
2,000
2,000
2,000

30,000
5,500
1,000
2,500
1,300
1,000
2,000

15,000

20,000

200
100
9,500

10,000

2500
400

2010
85,000
400,000
40,000
10,000
300,000
20,000
300,000
300,000
300,000
200,000

95,000
50,000
20,000
20,000
25,000
15,000
300,000
90,000
15,000
20,000
15,000
15,000
30,000
100,000
150,000
3,000
5,000
160,000
250,000
25,000
5,000

COUNTRY
Iceland
Indonesia
Italy

Japan
Kuwait
Kyrgyzstan
Maldives
Mauritania
Mexico
Mozambique
Myanmar
Netherlands
New Zealand
Nigeria
Oman

Peru
Philippines
Poland
Saudi Arabia
Senegal
Somalia
South Africa
Spain
Sudan/South Sudan
Suriname
Sweden
Syria

Tunisia
Turkmenistan
United States
Uruguay
Uzbekistan

THE INDICATOR

The impact of air pollution is
measured for four different
diseases: acute respiratory
illnesses, cardiopulmonary disease,
lung cancer, and asthma. Regionally
differentiated attributable risk
factors from the WHO are relied
upon for the first three diseases
and an independent study for the
asthma-related impact (WHO,
2004 and 2009; Bell et al., 2007).
The Organization for Economic
Co-operation and Development
was referred to for projections of
emissions and evolving impact,
with mortality data from the WHO
adjusted for 2030 in relation to
expected economic development
(OECD, 2012; Mathers and Loncar,
2005). The indicator is considered
robust, due to the high quality of
global analysis provided by the
World Health Organization covering
much of the impact estimated. The
scientific basis for the cause-and-
effect relationships involved have
been rigorously studied for decades
and are particularly well understood
(Chen et al., 2008).

o 0

2010 2030 2010 2030
45 60 650 950
30,000 95,000 600,000 2,000,000
10,000 10000 150,000 200,000
20,000 25000 400000 600,000
350 300 6,000 16,000
650 930 6,000 10,000
2% 10 400 1,500
a00 300 8,000 25,000
15,000 20000 200000 300,000
3,500 5,500 95,000 150000
5,500 10000 100,000 300,000
2500 3,000 35,000 45,000
600 800 10,000 20,000
25,000 45000 350,000 850000
400 150 4,500 10,000
4,000 5,000 40,000 10,000
10,000 2000 350000 1,500,000
6,500 1500 75000 100,000
4,500 8,500 15,000 200,000
1,500 2500 20,000 45,000
1,500 2,500 10,000 30,000
1500 3000 150000 400,000
8,000 8500 150000 200,000
5,000 8,500 50,000 100,000
% 100 1,000 1,500
1,000 1,500 20,000 35,000
3,000 4,500 40,000 85,000
1,500 2,000 15,000 20,000
650 1,000 15,000 35,000
95,000 15000 850000 1,500,000
650 800 3,000 15,000
3,500 5,000 35,000 15,000

@ Additional mortality - yearly average
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Vulnerability measure:
comparative mortality
as a share of population
(national)
(2] 0 Q 0 (@) 0

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Vietnam 10,000 20,000 200,000 550,000 © Lesotho 150 200 5,500 20000 | Bahamas 10 15 550 1,500
Zambia 2000 3500 40000 150000 | Liberia 350 B0 8000 25000 | parbados 1 150 %50

TR T T : Lo
Albania i | Malawi | | A | -
Ageria 2000 3000 65000 200000 | Malaysia 2000 4500 %000 100000 | M ‘ L sl0 Lijoo
Australia 500 2000 45000 95000 | B0 1500 15000 dsgpg | CapeVerde 0 a1 A5
Bahrain 15 100 1500 3000 | Namibia 150 %50 5500 20000 | Comoros & L 1500 5000
Bangladesh 9500 20000 200000 700000 | Nicaragua 10 50 4000 10000 | Estonia 1 1 00 1500
Belize 15 15 20 100 | niger 650 L1500 10000 35000 | Grenada % B
Botswana 150 20 5000 15000 | Norway 500 B0 15000 25000 | kiipan | | w10
Brunei 15 35 500 15[]'] Panama 200 250 HUUU 5UUU Laos 150 300 4,[“]0 15’[]0[|
Burkina Faso 1,000 2,000 20,000 60000 | Paraguay 300 500 4,500 9,000 Lembourg 5 ”x 560 1500
Burundi 350 10 15000 60000 | Qatar 100 B0 1500 2000 :
Cambodia B0 1500 25000 100000 | Saintvincent 10 0 100 20 | Malta ! 40 1000
Canada 2500 3000 45000 80000 | SaoTome and Principe 15 30 350 1000 | MarshallIslands ! 140 500
Colombia 5000 7000 55000 90000 | SierraLeone 550 950 8500 25000 | Mauritius 5 5 2500 10000
Costa Rica 250 300 3,000 5000 © Slovakia 500 550 6,000 1500 | Micronesia 100 350
Dominica 9 10 150 350 | Slovenia 20 230 3,000 4000 | nepal 850 1500 30000 100000
Ecuador 850 LOO0 9500 15000 | sriLanka W 200 6000 0000 |, 15 p
Bl Salvador 150 B0 8500 20000 | Swaziand 50 0 500 20000 :
Eiltrea %0 50 1000 25000 | Swierand B0 9 15000 25000 | PePvaNewGunea 1D &0 100 20000
Ethiopia 3500 6500 100000 400000 | Tajicstan 900 450 4000 10000 | Rwenda 330 90 8500 30000
Finland 600 00 15000 20000 | Tanzania 3,500 5000 60000 150000 | SaintLlucia L 100 300
Gambia 150 250 3500 10000 | Thailand 4500 8000 75000 250000 | Samoa 1 150 450
Ghana 2000 3500 40000 100000 | Togo 150 B0 15000 45000 | seychelles 1 150 850
Guatemala ng Hgg lgggg Zgggg United Arab Emirates B?g H?g ngg lﬂ,ggg Solomon Islands 1 150 550
Guyana X | Vanuatu .
Hait 00 1000 10000 25000 | venezuela 30 450 000 5000 | o ! ’ i e
Honduras B0 %00 I5000 30000 | Yemen S0 4g0 00 sooo0 | R LU
Ireland 0 20 5500 10000 | Zimbabwe 1500 2000 15000 45000 | Trinidad and Tobago 1 5 §30 2000
Jamaica 300 400 4000 [ MODERATE Tuvaly 15 50
Kenya 2,000 3,000 40,000 100,000 | Antigua and Barbuda 1 1 55 100 © uganda 100 1,500 35000 100,000

0 Additional persons affected - yearly average
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The world is familiar with the fact that
passive indoor tobacco smoke is a risk
factor for lung cancer

Indoor smoke from burning wood and
coal for cooking and heating causes
mortality on a much larger scale in
developing countries

Uneven sustainable development has
locked out more than 1.3 billion people
from access to electricity, so a large part
of the world’s population still cooks with
indoor fires

The practice means long-term
exposure to toxic fumes, which can
result in sickness ranging from chronic
respiratory disease to lung cancer,
tuberculosis and cardiovascular
disease; it is a serious threat to human
development

850,000 c H I NA 850,000

750,000 I N D IA 700,000
95,000 I N DO N Es IA 150,000

100,000PAKISTAN 150,000

150,000 NIGERIA 100,000

Q Deaths

e Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

o @ = Deaths per 100,000

& Change in relation to overall global population and/or GDP




assive cigarette smoke

indoors is well understood

to be a risk factor for lung

cancer among non-smokers,

and governments around the

world have taken significant
regulatory action to combat indoor
tobacco smoking for just this reason
(Taylor et al., 2007; McNabola and
Gill, 2009). Indoor smoke has long
been identified as one of the most
serious risk factors for mortality
worldwide, especially among lower-
income developing countries (WHO,
1997). But millions of people still die
every year as a result of burning fuels
like coal, wood and other biomass
(crop waste, dung) in their homes for
basic cooking and heating purposes
(WHO, 2009). Lack of access to
electricity or other forms of modern
clean-burning fuels, such as kerosene
or gas, force a reliance on locally
available fuels like wood, which can
also aggravate local deforestation
(IEA, 2011; UNEP, 2005). Continued
reliance on traditional burning stoves,
however, is estimated to close the
poverty trap tighter on more than 100
million of the world’s poorest due to
the comprehensive health effects.
The impact is particularly severe on
women, who are more likely to be

cooking on a regular basis, and for
infants, who are more likely to be
confined indoors when smoke exposure
is highest (Amoli, 1997; Smith et al.,
2000; Mishra et al., 2005).

HAZARD MECHANISM

When wood, coal or other forms of solid
fuels are burned, almost all stoves
commonly used in developing countries
do not burn the fuel completely. This
means fine particles are released into
the enclosed air space and are inhaled,
with damaging consequences for human
lungs (Kleeman et al., 1999; Pope et
al., 2002). Many houses lack ventilation
or have poor ventilation, and the typical
smoke released when stoves are used
contains a potent and hazardous
cocktail of toxins, including carbon
monoxide, nitrogen and sulphur oxides,
benzene, formaldehyde, butadiene and
benzo(a)pyrene. Inhaling this smoke
repeatedly over a number of years
seriously predisposes those affected to
iliness and death tied to a wide range
of health concerns, in particular chronic
respiratory diseases (e.g. chronic
obstructive pulmonary disease), lower
respiratory ilinesses, lung cancer and
cardiovascular disease (WHO, 2004;
Fullerton et al., 2008).

° SURGE

Smoke inhalation is thought to impede
the body’s ability to resist tuberculosis,
since exposure to indoor smoke has
additionally been shown to substantially
increase the risk of contracting that
disease (Mishra et al., 1999a). Indoor
smoke exposure can also lead to partial
or complete visual impairment (acquired
blindness), while people suffering from
complete visual impairment are more
than seven times more likely to die as

a result of an unintentional injury than
those with non-impaired vision (Mishra
etal., 1999b; Lee et al., 2003b). Other
health concerns have been identified
but are not covered here, such as the
much higher risks of sudden antenatal
death (stillbirth) shown to occur when
mothers are exposed to indoor smoke
(Mishra et al., 2005).

IMPACTS

The annual global impact of indoor
smoke was estimated to be 3.1 million
deaths for the year 2010. That figure of
3.1 million annual deaths is expected to
remain stable but decline as a share of
overall global population through 2030.
Over 150 million people are estimated
to be affected by illnesses stemming
from indoor smoke every single year.
The impact presents a comprehensive
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challenge to human development, with
low-income developing countries in
particular from Africa and Asia severely
affected. Most sub-Saharan African
countries are assessed as acutely or
severely affected. China and India have
by far the largest share of mortality, with
an estimated 800,000 deaths each for
the year 2010 and more than 30 million
people affected by iliness as a result
of indoor smoke in each country. Other
countries with large-scale impacts
include Nigeria, Ethiopia, Pakistan,
Indonesia, Bangladesh, Afghanistan
and DR Congo.

While the majority of developing
countries are experiencing serious
effects, not a single developed country
has vulnerability above Moderate,

with only fractional numbers of annual
deaths attributed to indoor smoke.

a VULNERABILITY SHIFT
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M[]I]EI. OECD, 2012

BASE []ATA Fullerton et al., 2008; Mishra 1999;
McMichael et al., 2004; WHO, 2009
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o

(1]

o

(1]

THE INDICATOR

The indicator measures the human
health impact of smoke inhalation
from the incomplete combustion

of wood, coal and other biomass
fuels burned for cooking or

heating within buildings, above

all in developing countries. The
indicator estimates the direct
effect this practice has on chronic
respiratory disease (chronic
obstructive pulmonary disease),
lower respiratory illnesses, lung
cancer, cardiovascular disease and
tuberculosis (WHO, 2004; Fullerton
et al., 2008; Mishra et al., 1999a).
It also measures the indirect effect
of increased mortality due to
injuries from partial or complete
visual impairment (blindness)
resulting from extended smoke
exposure (Mishra et al., 1999b; Lee
et al., 2003). The indicator relies
on the World Health Organization’s
latest update of the global disease
burden database (WHO BDD, 2011)
and relies on the Organization

for Economic Co-operation and
Development’s analysis to estimate
how indoor smoking mortality is
likely to evolve through to 2030
(OECD, 2012).

(1]

COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
% ACUTE Tajikistan 5500 6250 250,000 250000 | Poland 5500 7250 35000 45000
= | Afghanistan 80,000 100,000 4,500,000 6,000,000 K Togo 6,250 5250 200000 150,000 | Romania 5000 4000 55000 45000
= | Angola 35,000 35,000 3,000,000 3,000,000 Samoa 60 60 3000 3250
E Burundi 15,000 10,000 700,000 550,000 | Armenia 1000 950 40000 35000 | SaoTome and Principe 85 15 4250 3,750
E Cambodia 15000 15000 450000 500000 | Azerbaijan 2750 2750 100,000 100,000 | Slovakia 50 1000 5500 1000
é Mali 25,000 20,000 1,000,000 1,000.000 © Benin 6750 5750 350000 300000 | Solomon Islands 150 200 6250 8,750
Niger 30,000 30,000 2,000,000 2,000,000 © Bhutan 300 400 15000 20000 | sriLanka 7250 6500 400000 350,000
Rwanda 15000 15000 850000 700000 | Bolivia 2000 2500 100,000 150,000 | Sudan/South Sudan 20,000 15000 900,000 750,000
Sierra Leone 15000 15000 750000 650,000 | Bosnia and Herzegovina 750 650 6,250 5250 | Swaziland 400 250 25000 15000
Somalia 15000 15000 750000 750,000 | Botswana 800 500 50000 30000 | Tanzania 20,000 20,000 1,500,000 1,000,000
Bulgaria 2250 1750 15000 10,000 | Thailand 20,000 20,000 1,000,000 950,000
Bangladesh 90,000 95,000 3,000,000 3500000 © cameroon 15000 10,000 750,000 550,000 | Tonga 0 3% 1500 1750
Burkina Faso 20,000 20,000 1,000,000 1,000,000 | congo 1750 1500 75000 70000 | Turkey 9500 15000 400,000 650,000
Central African Republic 4000 3000 200000 150,000 | Eritrea 2500 2000 150000 100,000 | Tuvalu 5 5 150 150
Chad 15,000 15000 650,000 600,000 | Estonia 0 200 2500 2750 | Uganda 25,000 25,000 1,500,000 1,500,000
China 850,000 850,000 50,000,000 50,000,000 | Fiji 150 150 4250 3750 | Ukraine 10,000 8000 80,000 60,000
Cote d, voire 20000 15000 750,000 550,000 | Gambia 1000 800 45000 30,000 | uzbekistan 10,000 10,000 450,000 500,000
DR Congo 75,000 75000 5,000,000 4500000 | Georgia 1250 950 20000 15000 | vanuatu 5% B 2500 3000
Ethiopia 100,000 85,000 5,000,000 4,000,000 | Ghana 10000 8250 450000 350,000 | Vietnam 45,000 40,000 1,500,000 1,500,000
Guinea 8750 7250 350,000 300000 © Indonesia 95,000 150,000 5,000,000 6,500,000 © Yemen 10,000 20,000 500,000 900,000
Guinea-Bissau 1750 1500 100,000 85000 © Jamaica 750 750 50000 50,000 | Zambia 10,000 9,000 550,000 500,000
Haiti 6,000 6250 250,000 250,000 | Kenya 20000 15000 950000 650,000 © Zimbabwe 5500 4,000 250,000 150,000
India 750,000 700,000 35,000,000 35,000,000 © macedonia 400 350 3250 3,000
Kyrgyzstan 3250 3750 150,000 150,000 | Marshalllslands %30 750 900 | Aibania 550 550 7500 1500
Laos 3750 4000 150000 200,000 | Mauritania 2500 2250 85000 75000 | Algeria 1250 1500 35000 40,000
Liberia 5250 5250 300,000 300,000 © Micronesia 30 30 1,250 1500 | Antigua and Barbuda 10 10 200 200
Madagascar 20,000 15000 900,000 750,000 © Moldova 800 700 20000 15000 | Argentina 3250 3250 20,000 20,000
Malawi 15000 10,000 850,000 700,000 | Mongolia 650 650 20000 20,000 | Australia 1500 2250 15000 25000
Myanmar 35,000 35,000 1,000,000 1,000,000 | Mozambique 15000 10,000 750,000 550,000 | Austria 300 400 3500 4500
Nigeria 150,000 100,000 6,500,000 5,000,000 | Nepal 15000 15000 650,000 750,000 | Bahamas N A 200 200
Pakistan 100,000 150,000 4,000,000 5,000,000 | Papua New Guinea 2750 3250 100000 150000 | Bahrain N5 %0 20
Senegal 10000 8750 400,000 350,000 | Philippines 20,000 20000 700,000 750,000 | Barbados 20 15 100 100
Q Additional mortality - yearly average
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CARBON VULNERABILITY

Vulnerability measure:
comparative mortality
as a share of population
(national)

(2] 0o (2] 0 (2] 0
COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030
Belarus 1750 1500 15000 15000 | Hungary 1,250 1,500 8,000 9750 | Panama 350 350 20000 20,000
Belgium B0 450 3750 5000 | tcetand 510 0 100 | paraguay B0 700 30000 35000
Belize 30 3 L0 1750 | wran 6000 6750 25000 30000 | peyy 2000 2000 100000 100,000
Brazil 25000 30000 1000000 1500000 | iraq 2050 300 65000 OO0 | oo BB 4% 5250
Brunei 5 15 10 150 | heland TR TIREC T T
Canada 1500 2250 15000 25000 | israel W 150 10 L0 :
Cape Verde B &5 320 250 |y 250 2750 2000 a0 | RussR 40000 2750 200000 15000
Chile 850 1250 5500 8000 | Japan 10000 15000 150000 150000 | SeintLucia a w100 %0
Colombia 4500 4750 250000 250000 | Jordan B0 450 1500 L750 | SaintVincent 0o %0 50
Comoros W 150 920 TR0 |k 2000 2000 20000 20000 | SaudiArabia 1250 1750 15000 20,000
Costa Rica 00 450 20000 25000 | Kiribat 55 0 10 5008 10 %
Croatia 00 B0 550 4750 | Kuwait M8 800 950 | singapore /B0 250 2750
Cuba 1250 1000 50,000 45000 | Latvia 30 300 2250 2000 | siovenia 190 800 1,000
Cyprus 15 10 850 800 © Lebanon 350 30 2250 2.250 South Africa 5500 4000 300000 250,000
Czech Republic 500 850 3250 4250 | Lesotho 0 B0 100 1250 )
Denmark 50 250 2000 2500 | Libya 50500 8250 9280 :Z:'n"ame ”jg 2'233 40’?23 45’?23
Djibouti 50 100 4750 3000 | Lithuania 50 400 3000 2500
Dominica 55 %5 90 | Lwembour 5 %5 150 g5y | Sweden 000 420 5500
Dorminican Republic 1000 1000 30000 30000 | Malaysi 3250 3500 20000 2000 | Switzertand B0 300 250 30
Ecuador 600 650 15000 15000 | Maldives 35 45 2250 3000 | Syia 1750 2250 75000 90,000
Egypt 8000 8750 100,000 100000 | Malta 510 150 150 | Timor-Leste 200200 850 300
El Salvador 700 700 35000 35000 | Mauritius 10 45 450 300 | Trinidad and Tobago 100 100 1,750 1,750
Equatorial Guinea 40 35 250 200 | Mexico 9500 15000 500000 750,000 © tunisia 00 750 10000 10,000
Finland 200 250 2,250 2750 Morocco 3500 3750 65000 70000 | 1pen 900 1000 4250 4750
France 1500 2000 15000 25000 | Namiia IR TS LR {11 S — T
Gabon 250 200 10000 9500 | Netherlands MDA B0 | o 2 250 200 W
Germany 3750 4750 40000 50,000 | NewZealand 300 450 3,500 5000 )
Greece B0OB0 5250 BS00 | i 950 1000 50000 5g000 | United States 15000 25000 200000 300000
Grenada 0 0 %0 20 | NorthKorea G50 600 om0 250 | Urueway B0 B0 220 2280
6 2000 2500 150000 200000 | Norway 150 200 1750 2250 | Venezuela 1500 1500 35000 35000
Guyana 00 %0 4250 3000 | oman 50 W0 B0 1250 r_
Honduras 1500 1500 80000 90,000 | Palau 1 5 15 20 | South Korea

0 Additional persons affected - yearly average
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UCCUPATIONAL HAZARDS
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A world economy relying on carbon-
intensive forms of energy for 90% of
its needs puts the health of millions of
exposed workers at risk

Hazardous professions range

from coal miners facing elevated
risks of stomach cancer to thermal
power plant workers or truck drivers
disproportionately exposed to chronic
lung diseases

Population level vulnerabilities are as
high for developed countries as for the
lowest-income developing countries

Renewable and low-carbon forms of
energy, such as windmills or solar panels,
are significantly safer for the health

and safety of industry workers and
consumers alike
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ining accidents that kill
hundreds of workers, such
as the 2005 Sunjiawan
mine disaster in Fuxin,
China, are vivid reminders
of the risks faced as the
world strives to feed a growing carbon
economy. Coal is set to nearly double
its contribution to global energy needs
over the next 20 years (US EIA, 2011).
Most occupational health risks linked to
the carbon economy are less attention
grabbing than mining explosions but
cause a much more significant human
toll. While miners face the highest
dangers, elevated occupational risks
also apply to power generation workers
in thermal plants burning coal and gas,
for example, and to commercially active
drivers, especially in urban settings
(Burke et al., 2011).
In situations where workers do not
have access to adequate social
protection, the risk to livelihoods
and families is significant (Marriot,
2008). Carbon-intensive forms of
energy exploitation are much more
hazardous for human health than
low-carbon or renewable alternatives
(IPCC, 2012b). A carbon-neutral world
economy would see virtually all of these
health risks eliminated. In a transition
phase, numerous measures and policy

solutions exist to reduce the hazards
workers face (Driscoll et al., 2004).
Companies are, however, largely not
implementing the necessary measures
or covering the health costs resulting
from a lack of safety measures. The
soundest measures would considerably
increase the costs of exploiting

fossil fuels, so regulations to protect
workers often result in an increase in
outsourcing to companies not subjected
to the same requirements as firms seek
to regain profitability (Giuffrida et al.,
2002; Johnstone et al., 2005).

HAZARD MECHANISM

Exposure to toxic fumes, carcinogenic
airborne compounds and fine particles
from exhaust emissions, silica and
mining dust in addition to other
carbon-intensive industrial hazards
causes asthma, chronic respiratory
diseases and, in the case of coal
miners, coal worker’s pneumoconiosis
(Driscoll et al., 2004; Aydin, 2010).
Coal miners additionally face greatly
elevated risks of lung cancer as well as
stomach cancer, since toxic particles
inhaled are also understood to reach
the stomach (Swean et al., 1995). Men
are disproportionately affected by the
sweeping health implications of these

° SURGE

m GENDER BIAS

hazards since they make up the largest
share of the workforce in these risk
sectors (ILO, 2005).

IMPACTS

The annual global impact of carbon-
intensive industries on the occupational
health and safety of workers was
estimated at 50,000 deaths for the
year 2010, with the health of 5 million
people affected. By 2030, the death
toll is expected to increase to 80,000
deaths per year, with the health of 7
million people affected.

Effects are widespread globally in
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™.
L2

line with the comprehensive breadth
of a carbon-intensive economy in all
but the lowest-income low-emissions
developing countries. Industrialized
countries figure among those worst
affected.

China and India are estimated to have
the largest total impact, each with
occupational mortality in excess of
10,000 deaths per year. The health

of an estimated half million people in
China and nearly one million in India
is negatively affected. Other countries
experiencing large-scale losses
include the US, Indonesia, Russia and
Bangladesh.
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WHO, 2009

Q WA = 5 countries (rounded)
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COUNTRY 2010 2030
ACUTE

Armenia 30 30
Australia 30 550
Austria 60 65
Bangladesh 1,000 2,000
Belarus 65 10
Belgium 150 150
Bulgaria 90 85
Canada 300 400
China 15,000 25,000
Colombia 300 450
Croatia 40 40
Cuba 85 100
Czech Republic 100 100
Denmark 175 1
Germany 00 750
Greece 90 90
Hungary 80 85
India 15,000 25,000
Indonesia 1750 3250
Italy 500 550
Kazakhstan 300 350
Macedonia % %
Malta 5 5
Mongolia 0 %
Netherlands 150 150
New Zealand N 5%
North Korea 200 300
Norway 55 55
Romania 150 150
Russia 1500 1,500
South Africa 800 1250

2010

4750
45,000
3750
150,000
30,000
20,000
3250
35,000
500,000
20,000
2,500
1150
6,250
1750
100,000
5150
6,000
300,000
300,000
95,000
45,000
3,000
650
600
15,000
4150
30,000
8,000
8,250
350,000
150,000

2030

4730
65,000
10,000

200,000
30,000
20,000

3,000

40,000
650,000
20,000

2150

8750

6,250

8,000

100,000
5150
6,250

1,500,000
400,000
95,000
45,000
3,000
650

10
15,000

6,150
40,000

8,000

8,250

350,000

200,000

COUNTRY
Spain

Sri Lanka
Sweden
Ukraine

United Kingdom
United States

Bhutan
Bosnia and Herzegovina
Botswana
Dominica
Estonia
Finland
Iceland

Iran

Ireland
Jamaica
Japan
Kyrgyzstan
Laos
Luxembourg
Marshall Islands
Mauritius
Moldova
Myanmar
Pakistan
Philippines
Poland
Portugal
Singapore
Slovenia
South Korea

2010
350
150

350
850
3250

2030
350
20

350
300
4,000

5

2010
95,000
45,000
10,000
45,000

100,000
300,000

200
37150
1750

100
1,000
6,750

200

150,000
4,250
1750
150,000
1750
2,000
500

80
2,500
1,000
35,000
15,000
250,000
20,000
1000
4,000
1,250
150,000

2030
95,000
95,000
10,000
45,000

100,000
400,000

300
37150
2150

100
1,000
6,750

20

200,000
4250
1750

200,000
1750
2150

950

100
3150
1,000

45,000
100,000
300,000

20,000

1000
5,200
1,250
250,000

THE INDICATOR

The indicator measures the
impact of the carbon economy

on the health and well-being

of people in professions that
expose them to heightened safety
risks, such as in GHG emissions-
intensive industries and/or
sectors comprising a core link in
the supply chain that fuels the
carbon economy. The indicator
has two main components. The
first concerns occupational risks
related to asthma and chronic
obstructive pulmonary disease
among workers in the electricity
generation, transportation and
mining sectors based on ILO data,
with corrections to achieve broad
sector accuracy (Driscoll et al.,
2004; ILO LABORSTA, 2012). The
second concerns occupational
risks specific only to coal-mining
industry workers, including coal
worker’s pneumoconiosis (CWP),
stomach cancer and unintentional
accidents (Aydin, 2010; Swaen

et al., 1995; IMFR, 2012). The
indicator’s main limitations relate
to corrections for occupational
employment data from the ILO
that was not designed to identify

o

GHG-intensive industries.

(1]

COUNTRY 2010 2030 2010 2030
Swaziland 5 5 2250 3,500
Switzerland L1 ] 6000 6,000
Thailand %0 450 20000 25,000
Turkey 350 400 40,000 40,000
Tuvalu 10 10
Vietnam 400 550 50000 85000
Afghanistan B0 100 20,000 30,000
Algeria 100 150 35000 55000
Argentina B0 100 10000 10,000
Barbados 1 1 150 150
Brazil 50 600 55000 65000
Brunei 1 1 200 %50
Burundi 15 % 5250 8,500
Cameroon 35 55 8250 15,000
Cape Verde 1 1 300 450
Central African Republic 10 15 3,250 5,250
Chad n % 3750 6250
Chile 55 0 5750 6,750
Comoros 1 1 450 750
Congo 10 15 2,250 3,500
Costa Rica 15 15 1,000 1,250
Cote d,Ivoire 40 60 8750 15,000
Cyprus 1 5 1,500 1,500
Dominican Republic 30 35 15000 15,000
Egypt 15 200 40000 55000
Equatorial Guinea 1 1 600 950
Fiji 1 5 2,000 2,500
France %0 250 60000 60,000
Gabon 1 5 1,000 1500
Gambia 1 5 650 1,000
Ghana Bl 50 6750 10,000

Q Additional mortality - yearly average



HEALTH IMPACT | 267

Vulnerability measure:
comparative mortality
as a share of population
(national)

COUNTRY
Guinea
Guinea-Bissau
Guyana
Honduras
Iraq

Israel

Jordan
Kiribati
Latvia
Lebanon
Lesotho
Libya
Lithuania
Malawi
Malaysia
Maldives
Mexico
Micronesia
Morocco
Mozambique
Namibia
Nigeria

Palau
Panama
Saint Lucia
Saint Vincent
Samoa

Sao Tome and Principe
Seychelles
Slovakia
Sudan/South Sudan
Suriname

2010

15

15
100

o

2030
%

15
200
1

2010
3,000
1,000
630
5,150
10,000
51450
2,000

(1)

2030
5,130
1,500
150
6,000
15,000
5150
3,000
20
1,250
1,500
1,500
3,500
1,250
1750
15,000
250
30,000

10,000
20,000
3500
100,000

1,500
100

100
100

1,250
20,000
150

COUNTRY
Syria
Timor-Leste
Togo

Tonga
Trinidad and Tobago
Tunisia
Turkmenistan
Uruguay
Uzbekistan
Vanuatu
Venezuela
Zambia
Zimbabwe

Albania
Angola
Antigua and Barbuda
Azerbaijan
Bahamas
Bahrain
Belize

Benin
Bolivia
Burkina Faso
Cambodia
Djibouti

DR Congo
Ecuador

El Salvador
Eritrea
Ethiopia
Georgia

@Acute @ Severe

o

2010 2030 2010

40 60 15000
1 9 30
0 15 2500
1 1 65

1 9 300
1525 120
0 10 620
010 1500
9% 60 9500
1 1 90
9% 75 5500
35 50 10000
0 3% 320
9 9 1750
2% 40 10,000
3

9 b 30
1 450

1 1 450

1 1 85
0 15 220
0 15 3750
20 320
1 1 200

1 1 20
85 150 20000
A% 2500
0 10 270
o 10 2,000
PSR- Y|
9 5 3780

High

(1]

2030
20,000
450
4250

1,000
2,000
6,000
1750
9500
100
6,500
15,000
5,500

1750
15,000

3250
500
650

3730
4250
5,200
300
350
30,000
2150
3000
3,200
9250
3150

Moderate @ Low

COUNTRY
Grenada
Guatemala

Haiti

Kenya

Kuwait

Liberia
Madagascar
Mali

Mauritania
Nepal

Nicaragua

Niger

Oman

Papua New Guinea
Paraguay

Peru

Qatar

Rwanda

Saudi Arabia
Senegal

Sierra Leone
Solomon Islands
Somalia
Tajikistan
Tanzania
Uganda

United Arab Emirates

Yemen

2010 2030 010 2030
% 30

0 10 2000 2250
0 10 4250 4500
45 70 5000 15000
1 1 1000 1500
o 10 1500 2250
2% 40 520 8500
020 2500 4250
9 5 1250 2000
% 40 420 5500
0 10 120 1500
0 15 2000 3250

1 9 850 1,000
9 9 850 1,000
9 9 850 950
340 10,000 10,000
65 100

020 21’0 4250
0 2% 15000 20000
0 15 2000 3250
1 9 500 800
1 1 90 100
0 15 1500 2000
9 9 800 800
30 50 6500 10,000
30 50 7000 10,000
1 11250 1750
030 3500 5000

0 Additional persons affected - yearly average
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OKIN CANCER
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Exposure to UV rays from the sun is
the principal cause of skin cancers such
as melanoma

Greenhouse gases that warm the
planet are also largely responsible for
depleting the Earth’s upper atmosphere,
allowing more UV radiation to reach
ground levels

The highly successful Montreal
Protocol has phased out most ozone-
depleting substances, however, so the
root cause of the problem is already
being addressed, with ozone depletion
now set to recover

Skin cancer rates have and will
continue to increase, though, because of
the lapse of time between accumulated
UV exposure and the development of skin
cancer
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ackling the hole in the ozone

layer has been one of the

most successful examples of

international cooperation and

environmental protection to

date. The Montreal Protocol
to the Vienna Convention for the
Protection of the Ozone Layer has been
effectively phasing out highly potent
GHGs and ozone-depleting substances
like chlorofluorocarbons (CFCs) and
halocarbons (HCFCs). As a result,
experts have suggested amending the
Protocol, first signed in 1987, to tackle
additional GHGs in order to support
other global efforts on climate change
(Molina et al., 2009).
The ozone layer was at its maximum
level of depletion during the late 1990s
and through the last decade but is
expected to recover rapidly in the years
ahead (Dameris, 2010). Much of the
damage to human health, however, has
already been done. The slow recognition
of the risks involved and delayed action
will ultimately result in hundreds of
thousands of deaths due to skin cancer,
mainly in developed countries, that
would not have occurred had the ozone
layer remained stable (Martens, 1998;
UNEP, 2002b).
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HAZARD MECHANISM

Excessive ultraviolet (UV) radiation

from accumulated sun exposure is now
well recognized as the main cause of
skin cancer (Armstrong and Kricker,
2001; Saraiya et al., 2004; Ramos

et al., 2004). Depletion of the ozone
layer exposes populations to more UV
radiation, increasing skin cancer rates
(UNEP, 2002b; Lucas et al., 2006). Aside
from the ozone layer itself, radiation
levels vary due to a number of other
factors, including: 1) sun elevation -
when the sun is higher in the sky, more
UV radiation reaches ground level, 2)
latitude - radiation being higher closer
to the equator, 3) altitude - with every
1,000 metres gained in altitude, UV
radiation increases 10% and 4) ground
reflection, in that snow will reflect up to
80% of all UV rays and sand only 15%
(WHO, 2002a). People’s behavioural
patterns, such as an increasing trend in
“sun-worshipping” or

carelessness about sunscreen and
other protection measures, also play an
important role in incidence of skin cancer
at the population level (Martens, 1998;
Coups et al., 2008). Skin cancer is also
a major occupational hazard for outdoor
workers (Vecchia et al. (eds.), 2007).
Fair-skinned people are more susceptible
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to cancer, and childhood exposure to
UV increases risks, although the onset
of melanoma and other skin cancers
generally occurs later in life (Armstrong
and Kricker, 2001).

IMPACTS

The annual global impact of the carbon
economy on skin cancer is estimated to
have been 20,000 deaths for the year
2010, with that figure rising to 45,000
deaths per year in 2030 in a doubling of
impact as a share of global population.

It is estimated that 65,000 people

were affected by skin cancer in 2010

as aggravated by the carbon economy,

a figure that is expected to increase to
almost 150,000 people by 2030.
Developed and industrialized or transition
economies in Australasia, Europe

and North America are most severely
affected due to significant proportions

of populations with high-risk skin types

in these countries. Australia and New
Zealand have the highest rates of carbon-
economy-aggravated skin cancer mortality
as a share of population. The largest

total impacts are felt in the US, China,
Germany, Russia, the UK, France and Italy.
Estimated annual mortality for the US and
China is at 3,500 and 2,000 respectively,
rising to 8,000 and 4,500 by 2030.
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THE INDICATOR

The indicator measures the impact on
skin cancer rates due to UV radiation
amplified by ozone depletion in the upper
atmosphere (Martens, 1998). It relies on
World Health Organization (WHO) data for
skin cancer incidence (WHO BDD, 2012).
The indicator is also adjusted to account
for a number of closely related but
independent factors, including the role of
climate change in slowing or speeding the
recovery of ozone in the upper atmosphere
for different regions, the aging population,
and the aggravating effect of increased
artificial UV exposure (Bharath and
Turner, 2009; Waugh et al., 2009). A key
limitation is that the UV radiation impact
was only available for Australia, which has
had to serve as a global proxy, although
the WHO base data already controls for
prevalence of the disease internationally.
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THE INDICATOR

The indicator measures the
impact on skin cancer rates

due to UV radiation amplified

by ozone depletion in the

upper atmosphere (Martens,
1998). It relies on World Health
Organization (WHO) data for
skin cancer incidence (WHO
BDD, 2012). The indicator is

also adjusted to account for a
number of closely-related but
independent factors, including
the role of climate change in
slowing or speeding the recovery
of ozone in the upper atmosphere
for different regions, the aging
population, and the aggravating
effect of increased artificial UV
exposure (Bharath and Turner,
2009; Waugh et al., 2009). A key
limitation is that the UV radiation
impact was only available for
Australia, which has had to serve
as a global proxy, although the
WHO base data already controls
for prevalence of the disease
internationally.
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COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030 COUNTRY 2010 2030 2010 2030

% Macedonia 35 10 60 100§ Tuvalu

= | Argentina %0 600 450 1000 § maita 1 5 15 %5 1 Venezuela 100 250 200 500

= | Australia 500 1250 2500 6,000 § moidova RS ] 55 100

E Austria 100 250 550 1000 § Netherlands 250 500 1,000 2,250 | Afghanistan 5 150 80 250

E Belarus 0 150 100 20 | New Zealand 100 20 550 1250 | Angola % 50 150

é Belgium 100 200 500 1000 | Norway 100 200 450 1,000 | Antigua and Barbuda 1
Bhutan 9 20 10 30 | Papua New Guinea 70 100 350 | Azerbaijan 10 30 2 50
Bosnia and Herzegovina 30 60 50 100§ poland 500 1,000 900 1750 | Bahamas 1 1 5 10
Bulgaria % 180 150 300§ Portugal 100 250 550 1,000 | Barbados 1 1 1
Canada 300 700 1500 3500 § Romania 200 400 350 700 | Belize 1 1 1 5
Chile 95 200 150 400§ Russia 850 1500 1500 3000 | Bolivia B 50 150
Croatia 0150 150 %0 | Slovakia 5 100 100 200 | Brazil 600 1500 1000 2500
Cuba 100 200 200 350 | slovenia H M 150 350 | Burundi n % 15 i
Czech Republic 150 250 20 300§ south Africa 350 650 650 1250 cambodia 080 50 150
Denmark 80 150 400 800 | spain 400 750 2000 3150 | cameroon 30 [ 45 100
El Salvador 40100 10 200§ sweden 150 350 800 1500 | central African Republic 5 15 10 25
Estonia N 3% 3 60 | switzerland 100 200 550 1000  china 2000 4250 3750 1150
Fiji 5 15 10 %5 | Ukraine 300 600 50 1000 | Colombia 100 250 200 450
Finland 60 150 300 600 united Kingdom 800 1750 3750 8,000 | congo 5 15 10 25
France 750 1500 3500 7500 J united States 3500 8000 15000 40000 | cyprus 5 5 15 3
Georgia Bl 50 50 90 ¥ uruguay 25 60 50 100 Dominica
Germany B50 L1750 4250 8250 DR Congo 100 350 150 550
Greece 100 200 50 1000 § Aibania n % 20 40 | Ecuador 40100 15 200
Hungary 150 250 250 500 |} costaRica 2 50 35 95 | Eritrea 10 30 15 45
Iceland 5 10 15 40 | pjibouti 5 10 5 15 | Gabon 1 5 5 15
Ireland 5 160 250 650 | Ethiopia 300 850 450 1250 | Guatemala 40100 10 200
Israel 85 200 400 1000 | Honduras % 10 45 100 | Guinea-Bissau 1 5 1 5
Italy 650 1250 3000 5750 | Kazakhstan 5 100 85 200 | Guyana 1 1 1 5
Latvia 3 85 60 100§ Mexico 400 950 150 1750 | Indonesia 400 900 100 1,500
Lebanon 5 100 90 200§ saint Vincent 1 1 1 ran 150 350 250 650
Lithuania 30 85 60 100 § Somalia 0 150 65 200 | Jamaica 5 10 5 15
Luxembourg 5 10 20 50 | Tonga 1 1 | Japan 400 750 1,750 3,500
Q Additional mortality - yearly average
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CARBON VULNERABILITY

Vulnerability measure:
comparative mortality
as a share of population

(national)

(2 0o
COUNTRY 2010 2030 2010 2030
Jordan 10 30 15 50
Kenya 50 180 85 200
Kyrgyzstan 5 15 10 25
Laos 15 3 A0 60
Malawi 20 55 30 90
Malaysia 40 95 10 150
Maldives 1 1 1 5
Marshall Islands 1
Micronesia 1 1
Mongolia 5 10 5 2
Myanmar 5 150 100 %50
Namibia 9 10 5 20
Nicaragua 10 2 10 35
Nigeria 200 550 300 900
North Korea 45 90 10 150
Oman 5 15 5 %
Palau
Panama 5 10 10 20
Paraguay 15 45 30 85
Peru 20 150 350
Philippines 200 450 350 800
Rwanda 15 45 % 10
Saint Lucia 1
Sao Tome and Principe 1 1 1
Singapore 10 25 55 100
Solomon Islands 1 5 1 5
South Korea 100 250 550 1,250
Thailand 150 350 250 600
Togo 10 25 15 40
Trinidad and Tobago 1 5 1 5
Tunisia 15 3 % 65
Turkey 100 250 200 450

COUNTRY
Turkmenistan
Uganda
Vietnam
Zambia
Zimbabwe

Algeria
Bahrain
Bangladesh
Benin
Botswana
Brunei
Burkina Faso
Chad

Cote d,Ivoire
Dominican Republic
Egypt
Equatorial Guinea
Gambia
Ghana
Grenada
Guinea

Haiti

India

Iraq

Kuwait
Lesotho
Liberia

Libya
Madagascar
Mali
Mauritania
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COUNTRY
Mauritius
Morocco
Mozambique
Nepal

Niger
Pakistan
Saudi Arabia
Senegal
Seychelles
Sierra Leone
Sri Lanka
Sudan/South Sudan
Suriname
Swaziland
Syria
Tajikistan
Tanzania
Timor-Leste
Uzbekistan
Yemen

LOW
Armenia
Cape Verde
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Samoa

Vanuatu
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AGRICULTURE
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= Air pollution harms people and has
damaging and toxic effects for plants,
impairing agricultural productivity

Not all emissions are toxic: CO2 is

a natural ingredient in photosynthesis,
and enhances plant growth in optimal
conditions

= The positive effects of “carbon
fertilization” are often cancelled out by
negative effects of localized/regional air
pollution

Net losses are substantial; but as
C02 levels climb, so do positive effects
on plant growth, and by 2030 will far
outweigh harmful concerns linked to
localized pollution, making the effect
for agriculture the largest positive
contribution of the carbon economy

. USA ...

1,500 RUSSIA 4,750
25 SYRIA 2500

200 IRAN 1,250
650 CANADA 1,250

e Economic Cost (2010 PPP non-discounted)
e Developing Country Low Emitters 0 Developed

G Developing Country High Emitters @ Other Industrialized

o $ ~ Losses per million USD of GDP

& Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



t has long been recognized that
crop growth can be positively
stimulated when the air contains
more CO2 (Idso, 1989). It has also
been assumed that this positive
effect—thought to entail a 30%
boost to agriculture in the medium
term—offsets completely or partially
all other negative effects of climate
change, at least initially (Mendelsohn
in Griffin (ed.), 2003). However, GHG
emissions and their by-products or
co-pollutants also have a wide range
of negative effects on crops and their
yields; these concerns have increased
significantly, with the evidence of
gigantic transcontinental atmospheric
brown clouds, which shut out sunlight
and choke plant life (Auffhammer
et al., 2006; Ramanathan and Fen,
2009). Bangladesh has actually seen
its sunlight hours shrink by one-quarter
over the past approximately 30 years,
as a result of the growing dimming
effect of pollution, and its negative
implications for agricultural productivity
(Ashan et al., 2011; Ramanathan et
al., 2008). Toxic pollutants, such as
acid rain and ozone that are trapped
at ground-levels further inhibit plant
growth (World Bank, 2005: Leisner and
Ainsworth, 2011). By 2030, ground
ozone alone in the South Asian region

is expected to surpass the level at
which crop losses would attain 25%
(Ramanathan et al., 2008). Extensive
field-testing of crop responses to
ambient CO2 has also slashed earlier
estimates of potential benefits by

half or more (Ainsworth et al., 2008;
Leaky et al., 2009). Regional studies
that attempt to “disentangle” all the
different contributing factors have
shown that the negative effects of the
carbon economy and climate change
outweigh any positive benefits, and
worsen with further warming (Welch

et al., 2010). From the perspective

of the carbon economy alone, initial
negative impacts should progressively
be cancelled out as CO2 increases

its concentration in the Earth’s
atmosphere. Today’s losses are not
significant or geographically pertinent
enough to directly affect food security.
The large-scale gains expected in
2030 are still only half the scale of the
losses simultaneously estimated to be
incurred as a result of climate change.

HAZARD MECHANISM

Common air pollutants from industrial
and transportation sources affect
agriculture in four key ways. First, ozone
is a by-product of many carbon-intensive

° SURGE

activities, and, while acting beneficially
in the upper atmosphere, it is toxic for
humans and plant life at ground level
and limits agricultural productivity and
growth potential in a variety of ways
(OECD, 2012). Affected zones are
shown to experience reductions in the
productivity of a range of staple crops
from 5 to 20% (Feng and Kobayashi,
20009; Leisner and Ainsworth, 2011;
Wilkinson et al., 2012). Second,
instance, acid rain, formed in particular
from sulphur and nitrogen emissions,
increases the acidity of soils with limited
natural capacity to neutralize acidity
loads; it is also toxic for plants, impairing
productivity (World Bank, 2005; Wang
etal., 2009; Ping et al., 2011). Third,

in some areas a lowering of the plant
photosynthesis potential for many

crops is an impact of so-termed “global
dimming,” or a persistent reduction

in solar energy due to widespread
atmospheric pollution clouds which
absorb and alter the transmission
qualities of solar radiation (Stanhill and
Cohen, 2000; Kumari et al., 2007; Wang
et al., 2009; Ramanathan et al., 2008).
However, some experts have argued that
certain staple crops, such as shade-
casting canopy-type plants, may benefit
from more diffuse light refracted through
immense atmospheric brown clouds
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(Zheng et al 2011; Roesch et al., 2012).
All these effects are geographically
restricted and mainly confined to
regions peripheral or adjacent to the
world’s major industrial centres. The
fourth effect, referred to as “carbon
fertilization,” is the only one considered
to be positive and differs from the
other concerns in that it can be felt
globally, since CO2 is evenly dispersed
in the earth’s atmosphere. As a result,
its benefits are more widespread and
significant than the counteracting
effects of ozone, acid rain, and dimming,
but may only be gained up to a certain
point (not surpassed by 2030); plants
only receive the full benefits under
optimal conditions, since accelerated
growth requires more moisture and
nutrients to sustain (Van Veen et al.,
1991; Long et al., 2005 and 2006;
IPCC, 2007).

IMPACTS

The global impact of carbon-related
emissions on agriculture is today
estimated at around 15 billion dollars
a year in losses. By 2030 however,
an incremental increase in losses
tied to anticipated emissions growth is
estimated to be largely offset through
C0O2-derived stimulus of the world’s
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staple crops. Potential net gains

could reach a substantial 170 billion
dollars a year.

The most negative effects are quite
restricted and concern a heterogeneous
group, dominated by industrialized

or newly industrialized economies,
including numerous former Soviet

Union countries. The US, China, Russia,
and India experience the largest total
losses, with the US incurring 7 billion
dollars a year in costs in 2010 and the
others between 1 and 2 billion dollars
in losses.

Initially the positive end of the spectrum
is dominated by low-income, low-
emitting African and Pacific island
nations, who, far from the toxic
emissions of the fastest-growing
emerging economies, enjoy less
contaminated air but are predisposed to
the benefits of carbon fertilization, as it
is uniformly diffuse in the atmosphere.
By 2030, the picture of countries
benefitting is considerably altered
through the possibility of widespread
gains resulting from carbon fertilization.
With its 80 billion dollars in benefits,
China far exceeds the more modest
gains experienced by a handful of

large developing countries still expected
to have agricultural sectors

of significant size.

(3]

COUNTRY 2010 2030
Belarus 200 750
Botswana 15 90
Canada 650 1,000
Denmark 150 %0
Estonia 40 %50
Hungary 300 1,000
Iran 200 1500
Lithuania 15 100
Mongolia 5 60
Qatar 40 300
Russia 1,500 5,000
Slovakia 95 400
Syria 350 2,500
Finland 45 80
Kazakhstan 150 300
Pakistan 250 100
United States 6500 8,000
Austria 15 100
Bulgaria 150 90
Ireland % 30
Panama 10 20
Sudan/South Sudan 9 a0
United Kingdom 450 850
Australia 80 85
Belgium 100 40
Congo 1 1
Croatia 40 1
Czech Republic 100 65

COUNTRY
Latvia
Namibia
Sweden
LOW
Afghanistan
Albania
Algeria
Angola
Antigua and Barbuda
Argentina
Armenia
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belize

Benin
Bhutan
Bolivia
Bosnia and Herzegovina
Brazil

Brunei
Burkina Faso
Burundi
Cambodia
Cameroon
Cape Verde
Central African Republic
Chad

Chile

China

(3]

2010
10
1
35

10
15
1

-2
1

-2

1
0
1
1

-8

1,500

2030
9

-250
250
-100
-100
-1000
15
-3
-200
-400

-80,000

COUNTRY
Colombia
Comoros
Costa Rica
Cote d'lvoire
Cuba
Cyprus
Djibouti
Dominica
Dominican Republic
DR Congo
Ecuador
Egypt

El Salvador
Equatorial Guinea
Eritrea
Ethiopia

Fiji

France
Gabon
Gambia
Georgia
Germany
Ghana
Greece
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana
Haiti
Honduras
Iceland

THE INDICATOR

The indicator combines the
separate information of acid rain
effects (sulfur dioxide and nitrogen
dioxide) with ground-level ozone
toxicity, and crop responses to
solar radiation variation resulting
from atmospheric pollutant clouds
(World Bank, 2005; Avnery et al.,
2011; OECD, 2012; Ramanathan
et al., 2008; Hansen et al., 2007).
Global crop and irrigation maps
and agricultural production are
based on independent models
and UN Food and Agriculture
Organization (FAO) data (Portmann
et al., 2010; Ramankutty and
Foley, 1999; FAOSTAT, 2012).
Carbon fertilization effects have
been attributed according to the
mid-point of estimates aggregated
by the IPCC (IPCC, 2007).
Countries are deemed to benefit
completely, partially, or not at all
from the stimulation, depending on
the severity of combined climate
change and carbon effects as
assessed in the Monitor at country
level. Recent research is less
optimistic regarding the potential
benefits of CO? fertilization than
presented here (Ainsworth et al.,
2008; Leaky et al., 2009).

(3]

2010 2030
1 -100
1
10 -400
-3 -800
10 -650
1 09
10
5 -250
-2 -450
10 -540
150 -2000
-5 -200
-5
1 20
40 1,500
1
20 -950
5 -200
1 -4
1 -1
20 -100
65 1500
05 -400
1 10
10 -350
10 -250
1 -50
1 10
1 -80
-5 -300

9 Additional economic costs (million USD PPP) - yearly average
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@Acute @Severe High ©Moderate @ Low

Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)
(s (s (s

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
India 1500 20000 | Mozambique -15 -450 | South Africa 40 -300
Indonesia 200 7000 § Myanmar -10 -550 | South Korea 95 5000
Iraq 150 | Nepal -30 30 ¥ spain 20 1000
Israel 40 -150 | Netherlands 65 -60 Srilanka 15 550
Italy 150 900 § New Zealand -5 -85 Suriname I
Jamaica -10 -200 | Nicaragua -1 -100 -
Japan 0300 | wiger 5 ) | Svedtand a
Jordan 55 | Nigeria 400 000y | Switzerand D50
Kenya -45 1000 § North Korea 5 -55 | Taiikistan 1 20
Kiribati -10 | Norway 1 -0 || Tanzania 40 -1500
Kuwait 10 300 § oman -5 200 || Thailand 15 4500
Kyrgyzstan -5 250 | Palau -5 | Timor-Leste -39
Laos 10 -930 || Papua New Guinea -5 00§ Togo 5 150
Lebanon 10 -40 || Paraguay 5 -200 Tonga 1 10
Lesotho 15 | Peru -500 .
Liberia -1 -40 § Philippines -0 -2.000 T"n!d_ad and Tobagd ‘ an

) Tunisia 25 -250
Libya -5 -500 | Poland 400 -150
Luxembourg -1 | Portugal 55 50 | Turkey 550 -L000
Macedonia 30 -55 § Romania 5 -1000 | Turkmenistan A5 1000
Madagascar -15 -400 § Rwanda -10 -250 || Tuvalu 1
Malawi -2 -450 || saint Lucia -1 -15 | Uganda -2 -850
Malaysia 35 -2000 § saintVincent 10§ Ukraine B0 1500
Maldives 1 A0 | samoa 1 15 | United Arab Emirates 15 -600
Mali -1 -400 | Sao Tome and Principe -5 Uruguay 10 90
Malta -1 -5 | Saudi Arabia -0 -450 Usbekistan 45 1500
Marshall Islands -5 || Senegal -10 -400 Vanuaty ] o
Mauritania -5 -100 | Seychelles -1 -5
Mauritius -5 -0 | sierra Leone -5 o | Venezvela 2l 500
Mexico 15 200 | singapore 0 5 | Vietnam AW 500
Micronesia -15 § Slovenia 5 -15 | Yemen A0 300
Moldova -9 -150 | Solomon Islands 1 -30 || Zambia -5 -200
Morocco 15 900§ somalia 5 -200 | zimbabwe 1 -2
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One third of all the carbon dioxide
burned by the world’s economies is
being absorbed by the oceans

=2 This uptake of CO2 is fundamentally
changing the acidity of the planet’s
oceans, making them less hospitable to
aquatic life, especially coral, shellfish
and krill

= Acid rain from heavy industrial
sources also changes the pH of inland
bodies of water, making them more
acidic with a wide range of lethal and
harmful effects for aquatic life

=l These effects all have significant
impacts on world fisheries

= They also risk destroying coral reefs,
one of the world’s most remarkable
natural wonders, in a short-term
timeframe

6,500 c H I NA 65,000

500 VI HNAM 3,250
250 SOUTH KOREA 2,000

200 THAILAND 1,000
200 INDONESIA 800

e Economic Cost (2010 PPP non-discounted) o $ = Losses per 100,000 USD of GDP
e Developing Country Low Emitters 0 Developed
G Developing Country High Emitters @ Other Industrialized @ Change in relation to overall global population and/or GDP

@ © - Wilions of USD (2010 PPP non-discounted)



he increase in the acidity of the
seas is unprecedented in the
Earth’s history: a single year’s
increase in ocean acidity today
would have previously taken 100-
200 years (Veron, 2008; Hoegh-
Guldberg, 2011). When the oceans
absorb C02, corals, shellfish and
other marine organisms are stressed
and go into decline since acidic seas
inhibit the availability of minerals they
depend on (Burke et al., 2011). Signs
of decline are already visible: when C02
levels reached a level far below what
they are today coral bleaching events
became more common; the collapse of
Galapagos Islands reefs in 1983 is an
example (Baker et al., 2008; Hoegh-
Guldberg, 2011). Bleaching is now
evident in major reef systems, like the
Great Barrier in Australia, that already
show signs of serious degradation:
a 15% decline in coral growth over
several hundreds of monitored reef
colonies since 1990 (De’ath et al.,
2009). Most of the world’s reefs are
now in irreversible decline (Veron et al.,
2009). Reefs are remarkably productive
and act as anchors of the tropical sea
ecosystem. Their disappearance would
have catastrophic implications for the
delicate balance of marine fisheries
throughout the world. These negative

effects are already beginning to be

felt (Crossland et al., 1991; Silverman
etal., 2009; Narita et al., 2011). Air
pollution generated by the carbon
economy has more acute effects still in
inland waterways, where CO2 uptake is
facilitated by acid rain in areas of heavy
industrialization, which has further
negative impacts for inland fisheries of
all kinds (lkuta et al., 2008). Research
undertaken in Vietnam as a part of

the Monitor’s country study confirmed
the direct relationship between water
acidity (pH) and, for instance, disease
control and the success of shrimp
farming operations.

HAZARD MECHANISM

Two mechanisms are at work: 1) oceans
are becoming more acidic as they
absorb growing amounts - roughly a
third - of the atmosphere’s CO2 and
other fossil fuel emissions produced
through human activities (IPCC, 2007;
Sabine and Feely, 2007); 2) acid rain
derived from the mainly sulphur and
nitrogen emissions released when fossil
fuels are burned are increasing the
acidity of fresh and brackish bodies

of inland water near the source of
pollution (lkuta et al., 2008). Small but
consistent increases in ocean acidity

° SURGE

negatively affect the production of
shellfish and coral since more acidic
aquatic environments inhibit formation
of mollusc shells, which are made of
calcium carbonate (Narita et al., 2011).
In krill, higher levels of acidity trigger
or extinguish fertility (Kawaguchi et al.,
2011). Closed bodies of inland water
suffer more severe acidity surges.
There is a clear progression of negative
impacts from non-lethal to lethal
depending on the pH level of the water
(Ikuta et al., 2008). The fishing industry
is negatively affected as a result.

IMPACTS

The global impact of GHG emissions on
fishery production due to acidification
processes is currently estimated at a
relatively negligible ten billion dollars
a year. However the impact triples

as a share of GDP to 2030, by which
time losses are estimated at around
45 billion dollars a year, an indicator
of the devastating effects that could
occur beyond this date if strong action
on climate change is not forthcoming.

Emissions will compound the potentially

devastating effects of climate change
and other unsustainable stresses on
the world’s waters and aquatic life.
Harmfully, ocean acidification stress is
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most severe outside and at the frontiers
of the tropics, perfectly complementing
the damaging effects of climate change
that are most significant inside the
tropics (Burke et al., 2011).

Effects are widespread: approximately
40 countries are acutely vulnerable

to the impact of GHG emissions on
fisheries. Particularly affected are
developing countries with proportionally
large fisheries sectors.

Remarkably, nearly 90% of all losses
are estimated to occur in China, mainly
as a result of acid rain losses for inland
fisheries and aquaculture, over and
above ocean acidification effects. Other
countries already suffering significant
total losses (over 200 million dollars

a year) include Vietnam, South Korea
and the US.
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COUNTRY
ACUTE
Bangladesh
Belize
Cambodia
Chile

China
Ecuador
Estonia
Guyana
Iceland
Latvia
Lithuania
Malaysia
Mauritania
New Zealand
North Korea
South Korea
Suriname
Thailand
Vietnam
SEVERE
Argentina
Bahamas
Canada
Indonesia
Peru
Venezuela

Bahrain
Cameroon
Denmark
Gabon

COUNTRY
Gambia
Ireland
Mexico
Myanmar
Norway
Palau
Philippines
Seychelles
Spain

Algeria
Angola
Antigua and Barbuda
Armenia
Australia
Austria
Azerbaijan
Belarus
Belgium
Benin
Bhutan
Bosnia and Herzegovina
Brazil
Brunei
Bulgaria
Cape Verde
Colombia
Comoros
Congo
Croatia
Cuba
Cyprus

2010

4

35

1

2030
1

30
330
15
i

150
1
100

MODERATE

1
1

30

30

10

COUNTRY
Czech Republic
Dominican Republic
Egypt

Fiji

Finland
France
Georgia
Germany
Ghana
Greece
Grenada
Guinea-Bissau
Haiti
Hungary
India

Iran

Iraq

Israel

Italy
Jamaica
Japan
Kazakhstan
Kuwait
Lebanon
Liberia
Macedonia
Maldives
Malta
Mauritius
Micronesia
Moldova
Morocco

THE INDICATOR

The indicator relies on two
separate studies assessing the
effects for aquatic life of both

acid rain on inland fisheries and
ocean acidification (lkuta et al.,
2008; Narita et al., 2011). The
indicator draws on the FAQ’s
fisheries database (FAO FISHSTAT,
2012). The main limitations are
that the detailed analysis of inland
fisheries was only undertaken

in one country and applied to
other countries on the basis of
emissions and fishery production.
Clearly, further research is urgently
required. The ocean acidification
study enabled regional estimates
of losses that were attributed to
different countries on the basis of
their fishery production. Regional
aggregation compromised, to some
degree, the accuracy of the results
as not all countries in a region will
react identically.

(3]

2010 2030
1

1 9
3 100
9 15

1

9 15

1 1
150 950
9 15

1

2 60
85 20
1 9

1 9

9 Additional economic costs (million USD PPP) - yearly average
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Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)
(s (s (s
COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Namibia 1 | United Kingdom 2% 75 | Laos
Netherlands 10 35 | United States 250 100 § Lesotho
Nigeria 5 20 | Uruguay 1 10 Libya
Oman 1 | Uzbekistan Luxembourg
Pakistan 1 1 | Vanuatu
Madagascar

Papua New Guinea Yemen .
Poland 1 JUl Low MaI.aWI
Portugal 1 5 i Mali
Qatar 1 | Albania Marshall Islands

i Barbados Mongolia
Russia Bolivia M i
Saudi Arabia 5 45 | Botswana Nepal
Senegal 1§ Burkina Faso i
Sierra Leone 1 || Burundi Niger
Singapore 1 10§ Central African Republic panama
Slovakia Chad

i N Paraguay
Slovenia 1 || Costa Rica
Solomon Islands Cote d,Ivoire Rwanda
South Africa 1 | pjibouti Saint Lucia
SriLanka 1 10 § Dominica Saint Vincent
Sweden 1 1} DR Congo Samoa
Switzerland El Salvador Sao Tome and Principe
Syria 1 5 || Equatorial Guinea Somalia

ki Eritrea Sudan/South Sudan

Timor-Leste Ethiopia "
Togo G Tanzania
Tonga Guinea .
Trinidad and Tobago 1} Honduras
Tunisia 1 5 | Jordan Tuvalu
Turkey 5 15 § Kenya Uganda
Ukraine 1 10 | Kiribati Zambia
United Arab Emirates 1 Kyrgyzstan Zimbabwe
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he earth’s plant life is
susceptible to environmental
pollutants released into the air
as a by-product of economic
activities. Trees are by no
means spared these effects,
with losses already observable due
to problems such as toxic ozone
emissions at ground levels (Reilly
et al., 2007).
Studies have shown how ambient
levels of ozone (03) in the atmosphere
have already reduced tree productivity
and will continue to do so rapidly as
03 continues to rise. Critically, this
would reduce a major global carbon
sink (Wittig et al., 2009). Likewise,
acid rain also affects tree productivity,
especially where soil acid buffering is
low (Likens et al., 1996). In order to
significantly reduce the losses these
effects produce, particularly for the
forestry sector, major economies would
need to make synchronized efforts to
curtail the heaviest forms of industrial
pollution, such as sulphur and nitrogen
dioxide emissions generated by coal
power and other substances that
lead to the production of 03. Trees
are more resilient to heightened
levels of ground-level 03 and other
pollutants than most staple crops, if
anticipated losses in other segments

of the agricultural sector are taken as
reference (Holm Olsen and Fenhann
(eds.), 2008).

HAZARD MECHANISM

Emissions like sulphur and nitrogen
dioxide and other ozone precursors lead
to acid rain and high concentrations

of 0, at ground-level, which have long
been shown to be toxic for the growth of
plants, including trees (Wentzel, 1982;
Mustafa, 1990). These effects directly
impact plant and tree productivity,
harming the growth of trees and
forestry sector outputs (Reilly et al.,
2007; Likens et al., 1996). In optimal
conditions, higher levels of CO, in the
atmosphere might also favour growth
and expanded output (IPCC, 2007).

IMPACTS

The global impact of the carbon
economy on forestry, independent

of climate change, is estimated to
currently cost 30 billion dollars a year.
The level of impact is expected to grow
modestly as a share of global GDP over
the next 20 years, with losses of 80
billion dollars a year in 2030. Some 25
mainly forest countries in the tropics
are acutely vulnerable to these effects

° SURGE

and will see the most significant impact.

Africa and Southeast Asia are generally
worst off, with important concerns for
poverty reduction efforts that might be
compromised through declining agro-
forestry productivity.

The US, China, Mexico, India and Japan
are estimated to incur the largest total
losses all at or in excess of one billion
dollars per yearin 2010, and growing
rapidly by 2030.

INDUSTRY STRESS | 283

Q VULNERABILITY SHIFT

2030 WAl
ACUTE
2010 WA (6

2030 W@ (3
SEVERE
2010 W9

2030 32
HIGH
2010 31

2030
MODERATE 89
2010
99
2030 WAl gl il i i )9
Low
2010 Wi i i i i 09

0 INDICATOR INFORMATION

M[]DE'. Costanza et al., 1997; OECD, 2012; Reilly, 2008;

Wentzel, 1982

BASE DATA: raostar 2012); Reily, 2008

@Acute @ Severe High Moderate @ Low

Q WA = 5 countries (rounded)



E5TIMATES COUNTRY-LEVEL IMPACT

284 | THE MONITOR | CARBON

THE INDICATOR

The indicator measures the impact
of air pollution on the forestry
sector focusing in particular on
the extent to which ground-level
ozone (03) and acid rain affect
forest productivity. It relies on an
ecosystem valuation approach to
translate losses into GDP (Reilly et
al., 2007; Wentzel, 1982; Costanza
et al., 1997). Limitations relate

to uncertainties over emissions
leading to 03 and acid rain and
the regional aggregation of 03
concentrations used (OECD, 2012).
Also, research on the effects of
acid rain on forests is very out

of date. Further investigation is
needed since coal energy, heavy

in sulphur and nitrogen emissions,
is poised to continue to be the
world’s leading global fuel for
power generation well into the
2030s (US EIA, 2011).

(3] (3] (3]

COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Timor-Leste 1 10 Slovakia 45 100
Bosnia and Herzegovina 45 100 | Turkey 500 1,000 | Somalia 1 5
Botswana Ell 400 | united States 10000 15000 | South Korea 200 1,000
Bulgaria 150 450§ venezuela 200 1,000 | Tanzania 10 50
Cameroon 50 250 Yemen 10 50
Central Afrcan Republic L 10| angola 5180
Colombia 450 2500 | Argentina %0 1250 | Afghanistan
Congo 10 300 1 Austria 150 200 | Albania 1
Dominican Republic 150 150 | Brazil 650 3250 | Aigeria 20 100
Gabon Bl 200 Brunei 5 25 | Antigua and Barbuda
Georgia 45 100 cambodia 5 70 Bahamas 1 5
Guyana 5 35 | Canada 350 500 | Bahrain
Laos 10 100 | chad 1 15 | Bangladesh 10 55
Lebanon 10 350 china 3500 20,000 | Barbados
Lesotho ] 2 | Croatia 35 95 | Belgium 1
Malaysia 900 5000 | Equatorial Guinea 5 35 | Benin 1 5
Panama 200 1000 | Finland 35 10 Bhutan 1
Peru 250 1250 | Guinea 1 5 | Burkina Faso 1 5
South Africa 50 2000 | Guinea-Bissau 1 | Burundi
Suriname 5 %5 | India 1,000 4500 | cape Verde
Zambia 50 250 | Iran 200 1000 | chie 9 i
Zimbabwe 10 45 | Israel 10 200 | comoros
Japan 90 1000 | CostaRica |
Australia 750 800 © Liberia 1 | Cote d,Ivoire 1 10
Belize 1 5 | Mali 1 10 cuba 1 10
Bolivia 15 100 | Morocco 30 150 | cyprus
DR Congo 5 40 Mozambique 5 35 | Denmark 1
Ecuador ) 300 | Myanmar 10 75 | Djibouti
Indonesia 550 2150 | Paraguay 5 25 | Dominica 1
Mexico 1,500 4750 Philippines 65 350 | Egypt
Nigeria 150 150 | Romania 60 150 | EI Salvador 1
Thailand 350 2000 | Russia 450 1150 | France %50 300

e Additional economic costs (million USD PPP) - yearly average
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CARBON VULNERABILTY

Vulnerability measure:
comparative losses as
a share of GDP in USD

(national)
(s (s (s
COUNTRY 2010 2030 COUNTRY 2010 2030 COUNTRY 2010 2030
Gambia 1 | North Korea | _LOW
Germany 550 650 | Norway 10 25 | Armenia
Ghana 1 15 | Oman Azerbaijan
Greece 3 40 | Pakistan 10 65 1 Belarus
Grenada Poland 150 350 | czech Republic
G 1 10 | Portugal 1 9 | Eritrea
Haiti Rwanda Estonia
Honduras 1 20 | saintLucia .-
Ethiopia
Hungary 1 5 | saintVincent i
Iceland Sao Tome and Principe .
Iraq 10 40 | Saudi Arabia 1
Ireland 1 | Senegal 1 1 | Kiribati
Italy 200 20 y | | Kreyzstan
Jamaica 1 | Sierra Leone | | Latvia
Jordan Singapore Lithuania
Kenya 1 5 | Spain 250 300 | Macedonia
Kuwait Sri Lanka 1 | Marshall Islands
Libya Sudan/South Sudan 1 10 i i
Luxemb ! i Moldova
Madagascar 1 10 | Sweden i 90 | patau
Malawi 1 1 | switzerland i 50 Papua New Guinea
Maldives Syria Qatar
Malta Togo 1
Samoa
itani 1 | Trinidad and Tobago 1 ,
- Slovenia
Tunisia 1
Mongolia 1 5 | Uganda 1 5 Sojo-mon Istands
Namibia 1 | Ukraine 45 100
Nepal 1 | United Arab Emirates Tonga
Netherlands 60 10 | United Kingdom 1 § || Turk
New Zealand 1 5 | Uruguay 1 | Tuvalu
i 1 10 | vietnam % 200§ Uzbekistan
Niger 1 Vanuatu
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METHODL

ARCHITECTURE

FOUNDATIONS

In all, the Monitor comprises 34 indicators of the
economic, human and ecological effects of climate
change and the carbon economy. Indexes form the
backbone of each indicator and are responsible for
generating the relative level of vulnerability registered
for each country.

Each index is determined exclusively on the basis

of mortality and/or GDP per capita data, capturing
only the climate change or carbon economy effect in
isolation from other factors. In order to support fair
socio-economic comparisons between countries, all
estimates are made either in monetary terms (GDP
losses) or in terms of mortality. Indicators in the
Climate Environmental Disasters impact area are the
only ones to combine both mortality and GDP per
capita in order to determine the Monitor vulnerability
level, where both variables are given full weighting.
Combining the variables in this instance ensures

a holistic interpretation of the full socio-economic
spectrum of disaster vulnerability and does not seek
to imply any value judgement on human life versus
inanimate assets. Mortality, in many cases, might be
fewer than 10 deaths per 10 million, so the smallest
countries may not register vulnerability to extreme
weather if economic losses are not accounted for.
Additional variables of interest are provided for
different indicators as appropriate in order to provide
a fuller understanding of the impacts estimated to
be taking place, such as populations at risk from
desertification or illness rates for health indicators.

BREADTH AND AGGREGATION

The Monitor uses an enumerative methodology to
estimate a wide range of distinct effects resulting
from climate change and the carbon economy that
can be summed to gauge overall country and global
impacts in socio-economic terms. Each indicator
represents a separate grouped set of effects that rely
on independent research and data sets. All effects
are unified by means of a common mathematical

framework and assimilated into indexes that facilitate
comparison and analysis between the 184 countries.

IMPACT ESTIMATIONS

Each of the Monitor’s 34 indicators provides cost or
gain estimates for 2010 and 2030 that relate solely
to climate change or the carbon economy. They are
the results of this project’s particular methodology
and the underlying research and data sets chosen.
Other choices, other methodologies and other projects
will almost certainly yield different results. Ideally,
comparable efforts by other research groups would
help identify more readily the main areas of confluence
and incongruence between the different findings and
approaches that now exist.

VULNERABILITY LEVELS

The Monitor’s vulnerability assessment system enables
a comparison of impacts on a per capita basis across
countries. The level of impact indicates the level of
climate-related vulnerability. The five vulnerability
levels used throughout the Monitor are statistically
determined via (mean absolute) standard deviation,
with the level “Low” representing near-zero or positive
effects and the level “Acute” denoting impacts several
degrees or intervals removed from (or above) Low.

The upper three levels of vulnerability (Acute, Severe,
High) also have two further sub-categories that are
sometimes shown to illustrate where (at the top or

low end) in these higher vulnerability categories the
assessment places countries or groups. Vulnerability
levels are determined for each indicator in relation

to how all countries are collectively experiencing that
particular effect. This is done at the effect level - Sea-
Level Rise, for instance. So in some cases, effects for
which a country has Acute vulnerability may be smaller
in scale than concerns assessed at High vulnerability.
Vulnerability levels indicate a country’s deviation from
the norm of impacts experienced for a given effect and
do not necessarily indicate which effects present the
highest risk to a country.

Aggregated indexes for the Climate and Carbon
sections are determined by averaging or adding up

the results of the lower tier assessments. Multi-
dimensional vulnerability to Climate or Carbon is an
average across all indexes and is only representative



of the degree to which countries are vulnerable to a
wide range of effects, without considering the relative
importance of different effects. The overall human

(or mortality) impact or the overall economic impact
data (indexes) on the other hand, represent the sum
of all effects measured in the lower tiers and illustrate
how these totals compare with other countries. The
vulnerability levels are static so that progression

of effects over time highlights the degree to which
countries are estimated to be gaining or shedding
vulnerability between 2010 and 2030. The whole
statistical framework is an attempt to conserve the
implications of the underlying scientific/research
estimations, which are cited, together with key data, in
the chapters for each indicator.

CALCULATING CLIMATE AND CARBON EFFECTS

To calculate the impact of individual effects,

the Monitor combines estimations from expert

and scientific literature or models with bodies of
ecological, economic or societal data. It is assumed
that the impacts of climate change and the carbon
economy are already at play in the world’s economic,
environmental and social systems. Therefore, to
estimate the impact of either process, “climate” or
“carbon”, on current levels of welfare, it is necessary
to keep a counterfactual in mind. The counterfactual is
the situation that would have prevailed in the absence
of climate change and/or carbon intensive practices.
Incremental economic, environmental or social
outcomes assessed here are therefore estimated
deviations from a level of welfare that would otherwise
have been higher or lower. Any opportunity costs only
make sense if an alternative to the carbon economy
is available. Therefore, costs and benefits must be
contextualized against the costs of transitioning
towards a low-carbon economy - for which analysis is
provided at the front of this report.

CONTEXTUAL BASES

The Monitor’s system of analysis relies on reference
projections in order to generate the most plausible
understanding of how the world is likely to evolve
between now and 2030. GHG emissions and
temperature increases vary across indicators
depending on the base research, with the most

common scenario being the medium-high A1B marker
scenario of the IPCC (IPCC, 2000). Climate change is
understood as the change in weather versus, in most
cases, a base year of 1975 (as the mid-point of the
1961 to 1990 climate). Projections for population and
economic growth are drawn from Columbia University’s
Centre for International Earth Science Information
Network based on the IPCC A1B scenario (CIESIN,
2002). Reference GDP and population data is drawn
respectively from the International Monetary Fund

and the UN population division (IMF WEO, 2012; UN
pop div., 2012). For certain indicators other dynamic
adjustments are made to key parameters, such as an
anticipated income-driven decline in the prevalence of
some communicable diseases, or structural evolutions
to developing economies (Mathers and Loncar, 2005;
OCED, 2012). Current responses to climate change,
such as adaptation or mitigation, are assumed to

be held at today’s relative levels so that estimates

for 2030 represent business as usual. The Monitor
doesn’t adjust for any future policy initiatives that
could increase or stimulate adaptation to or mitigation
of climate change.

THE APPROACH

DEALING WITH CLIMATE UNCERTAINTIES

The Monitor is a pragmatic study. Exercises like

the Monitor are by definition imperfect (Smith et

al. in IPCC, 2001), above all because a variety of

uncertainties exist in almost every tier of the analysis.

There are six main sets of uncertainties involved in the

Monitor’s assessment:

- Climate-related: uncertainty about the levels of GHG
emissions (present and future), temperature changes
for different emission levels, effects for other weather
variables such as wind and rainfall as a result of
temperature changes, limitations of global or regional
research (i.e. climate models) accurately describing
effects at country or sub-national levels

- Social and environmental: uncertainty related to
the varying quality or comprehensiveness of the
base data, such as the accuracy of databases on
current rates of illness, of reported disaster damage
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MISSING THE FULL

METHODOLOGICAL DOCUMENTATION?
The complete in-depth methodological
documentation for the Monitor with
technical descriptions for each of its
indicators is available online at:
www.dararint.org/cvm2/method
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or of biodiversity concentrations and projections of
population growth

- Economic/technological: uncertainty related to future
economic growth and advances in technology

- Scientific/empirical: uncertainty in estimating the
effects of climate change in social, economic or
ecological terms

- Extrapolation: in many cases, effects are estimated
in just a few representative countries and are then
extrapolated to provide a global picture, introducing
possibilities for error

- Aggregation/assimilation: when compiling diverse
data sets, models and pieces of information,
judgements of different kinds sometimes must be
made, which could introduce further margins of error.

Many of the above factors are closely interrelated,
such as population, economic growth and emissions
of GHGs.

Uncertainty is, therefore, very real to the study of
climate change and must be taken seriously. However,
the world cannot simply wait, inactive, until all
uncertainties have been mathematically weighed even
as climate changes are clearly observable as recorded
in successive IPCC reports (IPCC, 1990, 1995, 2001
and 2007). The uncertainty of this study is also
relatively contained for the field of climate change,
given the short timeframe of much of the analysis
compared to the near centennial or longer focus of
most climate research. Neither is uncertainty restricted
to the field of climate change. Major macroeconomic
and corporate decisions are made every day, shaping
global and local economies around the world that
involve the highest degrees of uncertainty (Oxelheim
and Wihlborg, 2008).

Studies like this one make best attempts to soundly
balance all of the competing considerations.
Deliberate steps are also taken to minimize
uncertainties. For instance, the database of economic
damage caused by extreme storms and floods that
the Monitor uses is a hybrid of the main international
provider in the public sector and one of the main
global reinsurers (CRED/EM-DAT, 2012; Munich Re
NatCat, 2012). Relying on just one of these reduces
considerably the losses for several countries,
decreasing the robustness of any conclusions.

On the other hand, the homogeneity of more than 15
models in predicting large increases in heavy rainfall
as the planet warms is quite striking, considering many
of them were developed separately by experts living in
different countries over varying periods of time (Kharin
et al., 2007; IPCC, 2012a).

That so much research in this field reaches similar
conclusions is remarkable precisely because of

the implausibly large uncertainties that apply. The
“unequivocal” language of the IPCC regarding the
existence and primary causes of recent global warming
is a good example (IPCC, 2007). It results from an
overwhelming burden of proof with no alternative
explanations (Royal Society, 2005). And it explains
why the leading scientific bodies of more than 50
countries, including those of major economies like

the US and China, regularly communicate concern on
climate change issues (IAP, 2009).

While there’s now clear consensus on the basics of
climate change, the similar findings that result from
similar assumptions from study to study do leave

the door open to systemic risk. This could prevent
anticipation of catastrophic outcomes. The economics
field met with such a crisis following the collapse of
the global financial system in 2008 (Krugman, 2009).
Unlike business-cycle decisions, decisions on the
climate do not leave as much scope for error and
recuperation if full heed is paid to the conclusions

of mainstream science and GHG emission modelling
(IPCC, 2007; UNEP, 2011).

Experts say that, when making decisions in highly
dynamic and uncertain conditions, those decisions
should be robust to a wide range of possible
outcomes, should involve learning for improved
reactions to emerging risks and opportunities, and
should be grounded in a wide range of analytical
inputs so as not to exclude potentially important
options or concerns (Lempert and Schlesinger, 2000;
Vecchiato, 2012; Baddeley, 2010). This study offers
just one further input to that process.

PRECAUTIONARY MEASURES

The 1992 UN climate change convention (UNFCCC),
the key international treaty on climate change, does
stipulate precaution and binds its 195 parties to take
cost-effective measures to prevent or minimize harm
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Readers, specialists and users of the report are highly
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structure, focus and/or methodology of the Monitor to DARA.
The research team is most grateful for every input received.

Please contact DARA via: cvm@daraint.org

when threats of serious or irreversible damage are
evident - even in the absence of full scientific certainty
(UNFCCC, 1992).

The conclusions offered by this report point to serious
harm. The findings are, however, based on estimates
that could, in reality, be either substantially lower or
substantially higher - as uncertainty is symmetrical.
Caution, though, is particularly flagged because the
Monitor’s approach is less precautionary than it is
conservative in several respects.

LIMITATIONS OF ANALYSIS

To begin with, the emission scenario chosen for most
indicators is not the highest available. While the
second edition of the Monitor is significantly more
comprehensive than the first, numerous impacts are
simply beyond the analysis here for lack of adequate
reference studies or due to methodological difficulties.
This particularly applies to so-called “socially
contingent” impacts, such as the effects on social and
political stability, conflict, crime, or cultural assets,
such as World Heritage sites - for which plausible
relationships have been mapped or argued (Stern,
2006; Ahmed et al., 2009; Burke et al., 2009 and
2010; CNA, 2007; Scheffran et al., 2012; Agnew,
2012; UNESCO, 2010). Neither does the mainly near-
term Monitor factor in the potential costs of future
large-scale abrupt impacts, although a number of
prominent economists whose timeframes of analysis
are more extended advise otherwise (Nordaus and
Boyer, 2000; Hope, 2006). Still, it is equally possible
that some of the impacts not considered here include
positive outcomes for society (Tol, 2010).

Other more straightforward costs that are known
lacunas for the field are also not adequately covered
here. Agriculture is just one example. Costs associated
with additional irrigation by farmers in a much

warmer world are essentially unaccounted for in most
agricultural models, even when high temperatures

are expected to more than offset any additional
rainfall (Cline, 2007). Furthermore, a broad range

of staple crops are now understood to react more
rapidly and negatively after exceeding a particular high
temperature threshold than was previously understood
to be the case (Schlenker and Roberts, 2009;
Ackerman and Stanton, 2011).

Finally, this study uses the equivalent of a direct-cost
approach for estimations, exploring impacts as losses
or gains to independent sectors or as discrete gains/
losses for those directly affected. This does not take
into consideration the passing on of gains or losses
elsewhere. It is, however, generally understood that
markets can and do spread these effects further.
Businesses for instance, pass on their prosperity or
difficulties to their clients, competitors and suppliers,
as well as to investors and financial markets (Kuik et
al., 2008). That fact has led some experts to conclude
that direct costs are, by definition, an underestimation
(Bosello et al., 2005). One expert has estimated that
direct damage costs could be multiplied by a factor of
20 in certain instances (Hallegatte, 2005).

Balancing Comprehensiveness and Accuracy

The Monitor attempts to contribute breadth and
descriptiveness to the understanding of global
climate-related issues without venturing too far into
conjecture and methodological unknowns. Although
the spectrum of over 30 indicators reviewed does
range from the clearly speculative through to the
more robust. The larger-scale impacts assessed in
the Monitor are nevertheless evaluated as being

more robust in general than the impacts of lesser
macroeconomic significance also included here.

Even when knowledge barriers allow for little more
than speculation on the full nature of an effect,

it was judged that not including these effects,

such as tropical storms or impacts on the tourism
industry - indicators endowed respectively with high
uncertainty and low scientific foundations - would
penalize the assessment more through a lack of
comprehensiveness than might be gained through any
enhanced certitude.

Uncertainties, once more, are fundamental to any
understanding and response to climate change. As
global warming accelerates, everyone from policy
makers through to the general public will likely be
required to engage and act more on the basis of
uncertain and speculative information. Given the
stage of development of climate policy, deliberately
highlighting limitations within studies like this

through inclusion of potentially vital information
(while clearly signalling its shortcomings) can serve

to shed light on how and where limitations lie, aid in
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pinpointing research priorities and provide greater

clarity in separating out the less robust information
from the more robust. This report aims to advance

understanding in all such respects.

ASSESSMENT CATEGORIZATION/DISTINCTIONS

OVERLAP AND SEPARATING EFFECTS

A very deliberate effort has been made to ensure that
all indicators in the Monitor represent no - or at worst
only marginal or statistically insignificant - overlap.
The Climate Environmental Disasters indicator on
drought is a case in point. Unlike the other disaster
indicators, it does not account for any mortality
impact. This is because the Hunger indicator under
Health Impact is accounting for the ramifications

of worsening food availability as a result of climate
change, including drought. Another example relates to
the Sea-Level Rise and Water indicators under Climate
Habitat Change. The Water indicator measures the
impact of a net change in water availability resulting
from rainfall pattern alterations and heat. It does not,
however, account for the saline contamination of water
reservoirs in coastal areas caused by erosion due to
rising sea levels, an effect captured under the Sea-
Level Rise indicator.

Furthermore, two indicators, Heating and Cooling and
Labour Productivity, both categorized under Climate
Habitat Change, are near mirrors to one another and
required adjustment to avoid overlap. Heating and
Cooling estimates the rising or falling energy costs
linked to the climate conditioning of indoor space to
maintain unaltered levels of comfort as the planet
warms. Labour Productivity measures the losses (or
gains) to productivity incurred to the outdoor and
indoor workforce exposed to increasing heat. The costs
estimated in Heating and Cooling were removed from
the Labour Productivity indicator to ensure no overlap.
The Carbon section is generally more clear-cut than
the Climate section, which assesses almost double
the number of effects. The greatest propensity for
overlap concerns the Climate indicators for Agriculture,
Desertification, Drought and Water, although the
extent of this is still considered limited. This is
because the Agriculture indicator is mainly measuring

a departure from optimal growing conditions or how
land value and production capacity evolve in relation
to changing climate conditions, whereas Drought is
estimating the implications - mainly for the agricultural
sector - of the increasing occurrence of these major
hydrological events, which are highly randomized and
have severe repercussions that are not fully accounted
for in climate productivity models of agricultural yield
change. Desertification very specifically measures the
highly accelerated degradation of arid lands due to
heat and water stress and the associated depreciation
of land investments and yield capacity. There is,
however, some possibility of overlap due to the manner
in which the land-value base estimates for agricultural
losses are calculated as a component of the Monitor’s
Climate Agriculture indicator (see: Cline, 2007). As
Desertification itself represents just 1% of estimated
global losses due to climate change in 2010, any
overlap would still be quite marginal to this study.
Rainfall and evaporation are other parameters

built into the Agriculture indicator. Less favourable
rainfall patterns or high levels of evaporation not
compensated for by additional rain will invariably
entail losses, especially for rain-fed only agriculture,
some of which are certainly accounted for under

the Agriculture indicator. The Drought indicator also
measures farm losses due to extreme water scarcity.
Independent from this, the Water indicator measures
national variation in the water resource balance sheet
and assumes that deficits due to climate change are
made up at the lowest market price for water.

Where agriculture is rain-fed only, there is no overlap,
since such farmers are not purchasing water on the
market and are therefore not accounted for in water
demand estimations. Where farmers rely on supplied
irrigation, deviations from optimal conditions likely
cause demand for water to increase as the farmer
pays for the additional requirement (and incurs a
cost). Alternatively, more water may not be purchased
and yield losses could result (also incurring costs).
But what the Water indicator measures is the overall
change in supply to the market that the farmer
purchases water from. It assumes that in order to
maintain the same supply of water that existed prior
to the onset of unfavourable conditions, costs will be
incurred at the market rate for supplying more water.



That means it is accounting for the cost of retaining
equilibrium market conditions to offset any scarcity
at the time when the farmer is purchasing additional
water. Of course, if the entire agricultural sector is
purchasing more water, demand will also increase
and so will the market price and the losses for the
sector. Such intricacies can rarely be accounted for in
agriculture models such as those the Monitor draws
on for that indicator (Cline, 2007). Therefore, any
overlap is largely contained.

CARBON: CONCEPTUAL FRAMEWORK

The new Monitor now supplements analysis with a
detailed assessment of the economic, health and
environmental impacts of the carbon economy.

This assessment forms the second part of the
Monitor, labelled “Carbon”. Of special interest in

the Carbon part of the Monitor is the acquisition

and consumption of fuels and the release of various
types of greenhouse pollutants via combustion. The
Monitor examines the costs and benefits of all these
processes - extraction, production, consumption -
independently of the wide-ranging costs and benefits
resulting from climate change, which, of course, is
caused by these processes.

It is important to qualify three points related to

the Carbon section. First, highly hazardous sulphur
dioxide emissions are included in the analysis,
although strictly speaking, sulphur is not a GHG and
is even widely understood to have cooling, rather than
warming, properties (Kaufmann et al., 2011; Smith et
al., 2011). Other research, however, has asserted that
sulphur is a principal initiator of global warming since
it decreases the atmosphere’s capacity to oxidize
and deplete GHGs (Ward, 2009). Either way, sulphur
dioxide is typically emitted together with other GHGs
in transportation and energy production - coal power,
in particular, which is also responsible for 40% of CO,
emissions - and various mitigation policies targeting
these gases would in most instances implicate
sulphur dioxide as well (Olivier et al., 2012). Hence
sulphur emissions go hand in hand with a carbon
economy and are largely incompatible with a low-
carbon economy.

Second, when the Monitor discusses urban air
pollution and indoor smoke concerns for human

health, it includes the burning of biomass (e.g.

wood, crop waste), especially in open or indoor

fires, which may not necessarily contribute to global
warming if the source of fuel is self-replenishing

(such as crop waste). With nearly 3 billion people
relying on traditional stoves for household needs
worldwide, however, particulate-generating cooking
stoves are still considered a major source of GHGs
and, especially in arid countries with low biomass
availability, can drive deforestation (Foell et al., 2011;
Bensch and Peters, 2011). The burning of biomass,
including in indoor settings, is in any case understood
as a principal driver of current warming due to
concentrated emissions of soot in highly populated
tropical regions (Ramanathan and Carmichael,
2008). Measures to furnish clean burning stoves

to households would also enhance GHG sinks. The
Monitor did not, therefore, exclude this issue from the
analysis.

The third issue relates to carbon fertilization, which

is a phenomenon measured in the Carbon section
(see: Carbon/Agriculture). However, the Hunger
indicator in the Climate section (see: Climate/Hunger)
nevertheless accounts for the positive role that
carbon fertilization can play in reducing the degree

of agricultural losses on the basis of a World Health
Organization model (WHO, 2004).
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Afghanistan
Angola
Armenia
Bahamas
Belize

Benin

Bolivia
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Central African Republic
Chad

China

Congo

Cote d'lvoire
Dominica

DR Congo
Equatorial Guinea
Fiji

Gabon
Gambia
Guinea
Guinea-Bissau
Guyana
Honduras
India

Kiribati

Laos

Liberia
Madagascar
Malaysia
Maldives
Mali
Marshall Islands
Mauritania
Micronesia
Mongolia
Mozambique
Myanmar
Namibia
Nicaragua
Niger
Pakistan

Palau
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e Additional economic costs in 2010 USD (negative numbers show gains) - yearly average

TOTAL 1,000 % GDP PPP % GDP PPP

2010 2030 2010 2030 2010 2030 2010
B 90,000 150000 10000 20,000 2.8% 4.9% 5.5%
BEE 5o 45,000 10000 15,000 41% 7.9% 9.2%
3,000 3,000 95 95 0.6% 1.2% 0.5%

B 30 35 95 100 5.8% 15.8%
B 45 55 30 40 7% 14.2% 5.3%
BB 9,000 9,500 1250 1,750 5.0% 10.2% 27%
B 3,000 3,500 1000 1500 3.3% 75% 8.8%
B 7,000 6,000 85 80 0.7% 15% 0.7%
] | 25,000 30,000 3250 3,750 45% 8.6% 3.0%
1 | 15,000 15,000 1500 2,000 3.9% 8.7% 3.5%
BB 15,000 20,000 1750 2,000 4.9% 10.3% 27%
BB 20,000 20,000 4000 5000 4.4% 9.0% 4.3%
BB 5,500 5,500 650 900 5.6% 11.9% 13.5%
H B 20,000 20,000 2500 3,000 5.0% 9.5% 3.1%
1500000 1500000 100,000 100,000  0.7% 13% 0.7%
Be 3,500 4,500 450 650 3.4% 6.5% 8.0%
BB 25,000 25,000 2250 3,250 46% 8.9% 37%
BE 15 15 60 80 5.9% 11.7% 0.1%
BB 100,000 100,000 15000 20,000 3.9% 8.5% 1%
Be 250 350 250 350 3.1% 5.8% 5.0%
B 300 300 95 95 6.2% 11.1% 0.2%
BE 700 950 250 350 5.8% 11.1% 23.1%
B 1,500 1,000 250 300 9.0% 18.2% 1.7%
Bl 000 10,000 1250 1,500 8.0% 16.3% 4.3%
B 2,500 2,500 450 600 27.4% 47.2% 5.9%
BN 250 200 150 200 74% 12.6% 40.5%
BE 2,500 3,000 350 650 4.6% 9.0% 15%
B 1000000 1500000 250,000 450000  2.2% 4.3% 1.0%
BE 15 20 85 95 17.4% 28.1% 0.1%
BB 4,000 4,500 650 800 3.5% 71% 3.0%
BB 6,000 7000 600 700 9.9% 17.5% 6.1%
BEE 2000 20,000 2250 2,750 6.8% 11.8% 3.1%
- 5,500 8,000 2750 3,250 3.6% 73% 2.2%
BeEe 70 150 250 350 9.2% 15.9% 0.2%
BB 25,000 25,000 3000 3,500 57% 11.9% 3.3%
BE 30 35 55 60 31.3% 49.6% 0.4%
BB 3,500 3,500 350 400 9.0% 16.6% 1.4%
BE 30 35 20 2% 10.3% 20.7% 0.3%
B 1,500 1,500 600 1,250 6.5% 8.4% 1.9%
BB 25,000 25,000 6000 8500 7% 14.2% 3.6%
BB 45,000 55,000 10000 15,000 6.6% 12.9% 0.8%
Be 450 550 150 250 1.4% 13.5% 12%
BE 1,500 2,000 200 400 6.3% 11.8% 2.4%
BB 35,000 40,000 4000 4,500 5.3% 10.0% 4.9%
B 150,000 250000 20,000 45000 2.3% 4.4% 1.0%
BER 5 5 5 5 8.6% 15.2% 0.1%

o Additional persons affected - yearly average
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Panama

Papua New Guinea
Paraguay
Rwanda

Sao Tome and Principe
Senegal
Seychelles
Sierra Leone
Solomon Islands
Somalia
Suriname
Timor-Leste
Togo

Tuvalu

Ukraine

Vanuatu
Vietnam

Zambia

Antigua and Barbuda
Bangladesh
Belarus

Bosnia and Herzegovina
Botswana
Brunei

Cape Verde
Colombia
Comoros

Costa Rica
Djibouti

El Salvador
Eritrea

Ethiopia

Georgia

Ghana

Grenada
Guatemala

Haiti

Indonesia
Jamaica
Kazakhstan
Kyrgyzstan
Latvia
Macedonia
Malawi

Mexico

Moldova

Q Additional mortality - yearly average
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e Additional economic costs in 2010 USD (negative numbers show gains) - yearly average

TOTAL 1,000s % GDP PPP % GDP PPP
2010 2030 2010 2030 2010 2030 2010
550 650 250 400 4.2% 8.4% 21%
3,500 5,000 850 1,500 6.6% 12.1% 11.6%
1,000 1,500 150 250 1.3% 3.0% 4.7%
20,000 15,000 1,500 2,000 2.4% 4.5% 3.6%
100 100 20 35 9.1% 15.8% 1.3%
15,000 15,000 1,500 2,000 6.2% 12.3% 1.9%
10 10 20 30 8.1% 19.1%
15,000 15,000 1,500 1,750 10.4% 20.5% 7.4%
200 250 100 150 21.1% 34.1% 0.4%
20,000 20,000 3,000 4,000 16.7% 25.9% 3.4%
150 150 £l 100 4.0% 7.2% 25.1%
250 250 150 200 8.7% 16.0% 5.8%
7,500 7,000 700 1,000 51% 10.2% 2.5%
5 5 10 10 11.0% 23.1% 0.4%
45,000 40,000 3,250 4,000 0.8% 1.4% 0.4%
75 100 35 50 21.1% 44.8% 0.2%
55,000 65,000 20,000 25,000 5.2% 10.7% 0.8%
15,000 15,000 1,750 2,250 3.1% 7.1% 5.2%
10 10 60 75 51% 10.6% 0.1%
100,000 150,000 55000 70,000 2.8% 6.8% 0.9%
5,500 5,500 100 150 0.7% 1.2% 0.7%
3,000 3,000 150 300 0.5% 1.0% 0.5%
1,000 850 200 250 0.9% 1.5% 3.3%
35 55 100 150 0.5% 0.7% 3.5%
90 85 85 150 5.8% 10.6% 0.2%
10,000 15,000 1,250 2,000 2.6% 5.2% 1.5%
300 300 £l 95 4.5% 7.5% 0.9%
700 850 100 200 3.1% 6.3% 0.6%
550 600 200 300 3.6% 6.6% 0.4%
1,500 1,500 300 500 3.6% 7.2% 0.5%
3,000 3,000 300 450 5.2% 8.6% 1.3%
100,000 100,000 10,000 15000 2.0% 3.7% 2.7%
3,500 3,500 150 150 1.5% 2.9% 0.7%
15,000 15,000 2,250 2,750 4.4% 8.9% 1.7%
10 10 25 30 5.2% 10.3% 0.1%
3,500 5,000 1,750 2,500 2.9% 5.8% 0.8%
8,000 9,000 1,500 1,750 3.7% 7.1% 1.2%
150,000 200,000 30,000 40,000 3.5% 7.0% 1.8%
1,000 1,500 200 300 3.9% 8.1% 0.2%
9,000 10,000 250 350 0.3% 0.4% 0.4%
4,000 4,500 600 1,000 4.2% 6.0% 0.7%
1,500 1,500 75 75 0.1% 0.3%
1,000 1,000 20 20 0.9% 1.8% 0.5%
20,000 20,000 2,000 2,500 3.2% 7.4% 2.6%
25,000 40,000 5,000 8,250 3.1% 6.1% 0.7%
2,500 2,500 40 40 0.2% 0.4% 0.3%

o Additional persons affected - yearly average
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Nigeria
North Korea
Peru
Philippines
Romania
Russia
Samoa
Sri Lanka
Tajikistan
Thailand
Tonga
Turkey
Uganda
Venezuela
Albania
Argentina
Australia
Austria
Azerbaijan
Barbados
Belgium
Bhutan
Brazil
Canada
Chile
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Dominican Republic
Ecuador
Egypt
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Iran

Iraq

Israel

Italy
Japan

Jordan

Q Additional mortality - yearly average
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TOTAL 1,000s % GDP PPP % GDP PPP
2010 2030 2010 2030 2010 2030 2010
200,000 200,000 20,000 25,000 4.0% 7.6% 2.3%
9,500 10,000 3,500 4,500 7.0% 10.9% 0.2%
7,000 9,000 1,750 2,500 1.3% 3.0% 2.8%
35,000 50,000 9,000 10,000 3.5% 7.1% 0.9%
15,000 15,000 300 300 0.6% 1.1% 0.4%
100,000 80,000 8,000 15,000 0.7% 0.8% 1.0%
65 70 25 35 5.2% 9.9% 0.3%
8,500 9,000 1,500 2,250 3.6% 7.4% 0.6%
6,000 7,000 450 600 1.5% 2.6% 1.0%
25,000 30,000 7,500 9,000 3.6% 7.2% 0.6%
35 40 75 100 5.3% 9.6% 0.2%
35,000 50,000 2,500 4,000 0.6% 1.2% 0.5%
30,000 35,000 4,000 5,750 23% 5.4% 2.4%
5,000 6,500 1,500 1,750 3.1% 6.2% 1.3%
850 950 100 150 0.6% 1.2% 0.3%
15,000 15,000 1,500 2,000 1.0% 1.5% 1.6%
4,000 6,500 2,500 2,750 0.5% 0.8% 1.1%
1,500 2,000 45 65 0.6% 1.2% 0.2%
4,500 4,500 250 200 0.4% 0.7% 0.4%
25 25 35 45 2.5% 5.2% 0.1%
2,000 2,500 2,250 2,500 0.1% 0.1%
400 600 150 250 2.0% 3.0% 1.9%
55,000 70,000 10,000 15,00 0.7% 1.4% 1.9%
4,500 6,500 1,250 2,000 0.2% 0.1% 1.4%
4,500 6,000 650 900 1.0% 1.9% 0.8%
1,500 2,000 200 350 1.4% 2.8% 0.3%
4,500 5,000 500 600 2.7% 5.4% 0.4%
350 450 40 55 0.3% 0.6% 0.1%
2,500 3,000 25 30 0.4% 0.8% 0.2%
1,000 1,500 1,250 1,250 -0.1% -0.3% 0.2%
3,000 3,500 550 950 2.4% 4.8% 0.3%
2,000 2,500 850 1,250 0.5% 1.3% 1.3%
25,000 30,000 4,000 6,000 0.5% 1.0% 0.2%
250 300 15 20 0.8% 0.7% 0.6%
900 1,000 300 300 -0.8% -1.6% 0.6%
10,000 15,000 3,500 4,500 0.5% 0.9% 0.1%
15,000 20,000 3,250 3,750 0.1%
4,500 5,000 500 650 0.6% 1.1% 0.2%
3,500 4,500 45 50 0.2% 0.4% 0.3%
60 80 35 35 -0.3% 2.6% 0.1%
25,000 50,000 2,000 3,000 0.7% 1.5% 0.3%
10,000 20,000 3,000 7,250 0.6% 1.3% 0.5%
2,000 3,500 50 75 0.1% 0.1% 0.1%
15,000 15,000 3,000 4,250 0.1% 0.3% 0.1%
35,000 40,000 6,750 7,500 0.1% 0.1% 0.2%
. 2,000 3,000 150 200 0.1% 0.3% 0.1%

9 Additional economic costs in 2010 USD (negative numbers show gains) - yearly average

ﬂ Additional persons affected - yearly average
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Kenya
Kuwait
Lebanon
Lesotho
Libya
Lithuania
Mauritius
Morocco
Nepal
Netherlands
New Zealand
Norway
Oman
Poland
Portugal
Saint Lucia
Saint Vincent
Saudi Arabia
Singapore
Slovakia
Slovenia
South Africa
South Korea
Spain
Sudan/South Sudan
Swaziland
Sweden
Switzerland
Syria
Tanzania
Trinidad and Tobago
Tunisia
Turkmenistan
United Kingdom
United States
Uruguay
Uzbekistan
Yemen
Zimbabwe
Algeria
Bahrain
Ireland
Luxembourg
Malta

Qatar

United Arab Emirates

Q Additional mortality - yearly average
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9 Additional economic costs in 2010 USD (negative numbers show gains) - yearly average

TOTAL 1,000s % GDP PPP % GDP PPP
2010 2030 2010 2030 2010 2030 2010
25,000 20,000 2,750 3,750 1.8% 3.7% 1.4%
400 600 150 200 0.2% 0.5% 2.5%
1,500 2,000 200 300 0.2% 0.5% 0.5%
550 500 75 100 0.9% 1.9% 0.4%
3,000 4,000 200 250 0.5% 1.0% 0.2%
1,000 1,500 45 50 -0.1% -0.1% 0.4%
2 85 -40 -100 3.3% 6.7% 0.1%
10,000 15,000 2,750 4,250 1.1% 2.5% 0.1%
15,000 20,000 3,250 4,750 2.2% 4.1% 1.0%
3,500 4,500 15000 15,000 0.1% -0.1% 0.1%
1,000 1,500 650 800 0.4% 0.6% 1.0%
800 1,000 300 350 -0.8% A.7% 0.2%
550 1,000 55 80 0.9% 2.1% 0.1%
15,000 15,000 350 350 0.1% 0.2% 0.3%
3,500 4,000 500 600 0.2% 0.4% 0.2%
25 25 20 25 3.2% 6.6% 0.1%
20 20 25 30 3.3% 6.3% 0.1%
6,000 10,000 700 900 0.2% 0.5% 0.4%
2,000 3,000 650 750 0.2%
1,500 2,000 15 15 0.5% 1.1% 0.3%
350 400 20 35 0.7% 1.5% 0.2%
15,000 20,000 10,000 20,000 0.9% 1.9% 0.7%
10,000 15,000 2,250 1,750 0.3% 0.4% 0.1%
10,000 10,000 1,500 2,000 0.5% 1.0% 0.2%
30,000 30,000 5,250 6,750 2.6% 5.0% 0.9%
550 450 150 200 0.8% 1.6% 1.0%
2,000 2,500 600 700 -0.7% 1.4% 0.4%
1,500 1,500 30 40 0.2% 0.3% 0.1%
5,000 7,000 450 700 0.3% 0.7% 0.5%
30,000 30,000 5,500 7,500 2.5% 4.8% 21%
150 150 85 100 2.2% 4.4%
2,500 3,000 950 1,250 0.9% 1.7% 0.1%
1,500 2,000 200 200 1.1% 1.9% 0.2%
15,000 20,000 5,250 5,750 -0.1% -0.3% 0.1%
80,000 100,000 10,000 15,000 0.3% 0.5% 0.8%
1,000 1,000 250 300 1.6% 2.7% 0.7%
15,000 20,000 650 750 0.4% 0.9% 0.7%
15,000 25,000 2,250 3,500 1.4% 2.8% 0.8%
8,000 7,000 650 850 1.6% 3.3% 1.3%
5,000 6,500 3,000 4,250 0.2% 0.5% 0.1%
100 150 200 250 0.4% 0.8%
350 550 300 300 -0.2% 0.1%
40 60 1 5 0.1% 0.2%
20 20 50 80 0.5% 0.9%
100 150 60 90 0.1% 0.3% 0.1%
700 900 55 85 0.3% 0.7% 0.1%

o Additional persons affected - yearly average
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ABOUT THE CLIMATE VULNERABLE FORUM

Founded in 2009, the Climate Vulnerable Forum is a semi-formal group

of developing countries facing high degrees of insecurity due to climate
change and actively seeking a concerted response to the climate crisis.
Advocating ambitious directions for international climate change policy,

the Forum proposed setting the temperature increase goal at 1.5° Celsius
(2.7° Fahrenheit). This target was subsequently taken up by other groups of
countries and played an important boundary definition role in the UN climate
negotiations at Copenhagen in 2009 (COPP15). The Forum has insisted that
decisions agreed at international talks on climate change and sustainable
development be subject to accountability. Its members have committed
themselves to low-carbon (Or even carbon neutral) national development
pathways. The Forum currently has 20 members and meets periodically

at head of government, ministerial and delegate levels. The Monitor is an
analytical input and communication tool for Forum members. The two country
studies included in this report (Ghana and Vietnam) were undertaken in
member countries.

ABOUT DARA

Founded in 2003, DARA is an international organization headquartered in
Madrid, Spain, committed to improving the effectiveness of aid for vulnerable
populations suffering from conflict, disasters and climate change. Itis an
impartial, non-partisan and independent non-profit entity. DARA is actively
engaged in field research and evaluation of aid programmes and operations
in developing countries. Its specialized publications present data and analysis
on aid accountability and effectiveness and emerging strategic concerns

for the development, humanitarian and disaster reduction communities.
DARA's Climate Vulnerability Initiative is mandated to develop the Monitor as
an independent and politically impartial report. DARA convenes the external
advisory bodies that provide third-party guidance and review inputs to this
process. DARA alone is solely responsible for the final content of the report.

OTHER KEY PARTNERS AND SUPPORTERS

DARA is grateful to the number of partners with whom it has worked
collaboratively in the development of this report.

Technical, quantitative and theoretical assistance has been provided by
Commons Consultants, an advisory group based in Copenhagen, Denmark.

The Monitor’s research contributes to Facilitating Enhanced Organizational
Responsiveness West African Risk Reduction (FOREWARN), an initiative

of the Humanitarian Futures Programme based at King's College, London.
FOREWARN is supported by the Australian Agency for International
Development (AusAID). FOREWARN is a collaborative project supporting

the Economic Community of West African States (ECOWAS) to improve
regional risk reduction capacity. It brings together DARA, the UN International
Strategy for Disaster Reduction (UNISDR) and King’s College programmes,
including its African Leadership Centre. Research in Ghana which contributed
to the Monitor was undertaken as a component of the FOREWARN initiative.
Country research in Ghana was organized in close collaboration and with

the support of the country’s Environmental Protection Agency (EPA-Ghana)
and its partners, the Ministry of Environment, Science and Technology and the
National Disaster Management Organization (NADMO).

The Spanish International Development Cooperation Agency (AECID)
funded the Monitor’s country activities in Vietnam and supported the
Monitor's development more generally. Research in Vietnam was organized
by Live & Learn Vietnam with the participation of the Ministry of Natural
Resources and Environment.

The Monitor's development additionally benefitted from the financial support of
Fundacion Biodiversidad, a public foundation of the Spanish government.

Additionally, UNDP country offices in Ghana and Vietnam facilitated and
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AECID: Agencia Espariola de
Cooperacion Internacional para el
Desarollo

AusAID: Australian Agency for
International Development

BRIC: Brazil, Russia, India, and China
C: Celsius/Centigrade

CAPP: canadian Association of
Petroleum Production

CAR: central African Republic
CCS: carbon capture and storage

COC: centers for Disease Control and
Prevention

COM: clean Development Mechanism
CE: Climate Effect

CER: Certified Emission Reductions
CFCS: chiorofluorocarbons

CIESIN: columbia University’s Center
for International Earth Science
Information Network

CIF: climate Impact Factor/Carbon
Impact Factor

CUZI Carbon Dioxide

COP15; UN climate negotiations
at Copenhagen in 2009

CRED: Centre for Research on the
Epidemiology of Disasters

EREU/EM-UM: CRED/Emergency

Events Database

CReSIS: center for Remote Sensing
of Ice Sheets

CTl: The Carbon Tracker Initiative

CVI: climate Vulnerability Initiative
CVF: climate Vulnerable Forum

CWP: coal Worker's Pneumoconiosis
DALY: pisability-adjusted life year

OCPP: Disease Control Priorities
Project

DIVA: Dynamic Interactive
Vulnerability Assessment

OR Congo: Democratic Republic of
the Congo

EAC: Economics of Climate
Adaptation Working Group

EEU\E: Economic Commission for
Latin America and the Caribbean

ECOWAS: Economic Community of
West African States

EDGAR: Emission Database for Global
Atmospheric Research

EPA: Environmental Protection Agency

ERC: Environmental Research
Consulting

El: European Union
F: Fahrenheit

FAD: United Nations Food and
Agriculture Organization

FOREWARN: Facilitating Enhanced
Organizational Responsiveness West
African Risk Reduction

620: Group of Twenty Finance
Ministers and Central Bank Governors

G0P: Gross Domestic Product
GEF: Global Environment Facility
GHF: Global Humanitarian Forum
GHG: Greenhouse gases

GIM: Generation Investment
Management LLP

GNP: Gross National Product

G1Z: Deutsche Gesellschaft fiir
Technische Zusammenarbeit

GWh: Gigawatt hour
HCFCs: Halocarbons

IAP: Interacademy Panel on
International Issues

IEA: International Energy Agency

IFRC: The Intemational Federation
of Red Cross and Red Crescent
Societies

IL0: International Labour Organization
IMF: Intemational Monetary Fund

IPCC: Intergovernmental Panel on
Climate Change

IPCC SRES: ipcc Special Report

on Emissions Scenarios

I50: International Organization for
Standardization

IT: Information Technology
Kt C0,: Kilotonne co,
LOCs: Least Developed Countries

LLOCs: Landlocked Developing
Countries

MAD: Mean absolute deviation
MDGs: Millennium Development Goals

Munich Re: Miinchener
Riickversicherungs-Gesellschaft
(Munich Reinsurance Company

NADMO: National Disaster
Management Organization

NAPA: National Adaptation
Programme for Action

NATO: North Atlantic Treaty
Organization

NASA: National Aeronautics and
Space Administration

NASA GISS: NASA Goddard Institute
for Space Studies

NES[”S: National Environmental
Satellite, Data, and Information
Service

NOAA: National Oceanic and
Atmospheric Administration

[]2: Ozone
0DA: official Development Assistance

OECD: Organisation for Economic
Co-Operation and Development

OPEC: Organization of the Petroleum
Exporting Countries

0S0G: oil sands Developers Group
ORS: oral rehydration solution

ORT: oral rehydration therapy

[]H: Water Acidity

PPM: Parts Per Million

PPP: Purchasing power parity
adjusted/international dollar

RI0+20: united Nations Conference
on Sustainable Development, “Earth
Summit 2012”, Rio de Janeiro, 13"-
22" June, 2012

RINZ: The Royal Society of New
Zealand

SIDSs: Small Island Developing States
SUZZ Sulphur Dioxide

UNCCD: united Nations Convention
to Combat Desertification

UNDP: united Nations Development
Programme

UNECE: United Nations Economic
Commission for Europe

UNEP: united Nations Environment
Programme

UNESCO: united Nations Educational,
Scientific and Cultural Organization

UNFCCC: united Nations Framework
Convention on Climate Change

UNHRC: united Nations High
Commissioner for Refugees

UNISOR: UN Intemational Strategy
for Disaster Reduction

UNICEF: united Nations Children’s
Fund

US EIA: united States Energy
Information Administration

US EPA: united States Environmental
Protection Agency

USDAAF: United States Department
of the Army and Air Force

USEIA: uss. Energy Information
Administration

UNISDR: united Nations International
Strategy for Disaster Reduction

UNSD: united Nations Statistics
Division

WBGT: wet Bulb Globe Temperature
WHO: world Health Organization

WRI: World Resources Institute
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ADAPTATION

An action or response that helps communities or their ecosystems cope
with a changing climate. In particular, steps that reduce any losses or
harm inflicted - the possible levels of which the Climate section of the
Monitor attempts to estimate.

ADAPTIVE CAPACITY

The ability of a system to adjust to climate change, variability and
extreme to moderate potential damages, to take advantage of
opportunities, or to cope with the consequences.

Affected Communities

Communities that have seen their livelihoods compromised temporarily
or permanently by climate change.

ANTHROPOGENIC

Produced as a result of human activity.

BLACK CARBON

An aerosol rich in carbon that absorbs sunlight and gives soot its black
color. Itis produced both naturally and by human as a result of the
incomplete combustion of fossil fuels, biofuels, and biomass.

BIODIVERSITY

The international definition of biodiversity is “variability among living
organisms” (CBD, 1992).

CARBON

The term “Carbon” is used as the moniker for the second part of the
Monitor’s assessment, which broadly speaking deals with socio-
economic effects of the carbon economy. Carbon dioxide (COX) is a
principal greenhouse gas along with numerous other “heat-trapping”
pollutants, such as methane, black carbon or nitrous oxide. Like
these other pollutants, CO is typically generated as a by-product of
combustion when fuels of many different kinds are burned.

CARBON DIOXIDE (C0)

A naturally occurring gas and a by-product of burning fossil fuels, land
use changes, and other industrial processes and is the main greenhouse
gas that causes atmospheric temperature changes.

CLIMATE

Climate is taken to mean the average weather. The classical time period
used by the World Meteorological Organization to determine the climate
is 30 years. So the climate is the average weather over a given period
of 30 years. Parameters such as temperature, rainfall and wind can be
examined to determine key characteristics of the state of the climate at
different periods in time, and to identify variation across time periods.

CLIMATE CHANGE

Climate change is a change in average weather. For the purpose of
this study, it is assumed that human activities are the principal and
overwhelming - if not exclusive- cause of the contemporary warming of
the climate, in accordance with the broad consensus and more recent
evidence on this subject (IPCC, 2007). According to the UN Framework
Convention on Climate Change, climate change is also in addition to
natural climate variability (UNFCCC, 1992).

CLIMATE DISPLACED PEOPLE

Persons displaced temporarily or permanently due to climate change
and its impacts or shocks, notably land desertification, sea-level rise
and weather-related disasters. It is almost never possible to identify an
individual as exclusively a climate displaced person due to the range of
factors that are likely involved in forced or voluntary movement of people.



CLIMATE EFFECT

Indicates the relative effects of climate change on social and economic
variables at the country level. It is calculated based on observed values
of social and economic variables and the effects of climate change.

Climate Impact Factor

The relative contribution of climate change to the development of a
given variable.

CLIMATE MODEL

Numerical representations of the climate system based on the
physical, chemical and biological properties of its components, their
interactions and feedback processes. They account for all or some of
its known properties.

CLIMATE SCENARID

Probable representations of the future which are consistent with
assumptions about future GHG emissions and other pollutants based
on existing understanding of the effect of increased atmospheric
concentrations GHGs on the global climate.

CLIMATE VULNERABILITY

The degree to which a community experiences harm (or not) as a result
of a change in climate. Vulnerability encapsulates socio-economic
concerns, such as income levels, access to information, education,
social safety nets and other meaningful determinants of the resilience
of a given community. It also encapsulates environmental or so-called
“bio-physical” factors, such as geographic location, topography, natural
resource supplies, vegetation and otherwise.

CLIMATE VULNERABILITY LEVEL

Aggregate vulnerability levels indicates the extent to which countries are
affected in comparison with effects experienced by all other countries.
Vulnerability levels are determined statistically, using mean absolute
standard deviations.

CLIMATE VULNERABILITY MONITOR

The Climate Vulnerability Monitor provides a global overview of
vulnerability to climate change and the carbon economy. It provides fair
estimates of the types of impacts already faced by society. It also shows
where the impacts are taking place and captures the evolving global
vulnerability to climate change/carbon economy.
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CONFIDENCE

Degree of accuracy and repeatability of a statistical test.

Cost-effectiveness Refers to the relationship between the economic input/
cost of a given adaptation measure and the degree of beneficial output.

DESERTIFICATION

Land degradation in arid, semi-arid and sub-humid areas resulting
from various factors including climatic variations and human activities
(UNCCD, 2010).

DEVELOPMENT AID

Aid to support the economic, social, and political development of
developing countries. The aim is to alleviate poverty in the long run. It is
often termed Official Development Assistance (ODA).

DISABILITY-ADJUSTED LIFE YEAR (DALY)

This time-based measure combines years of life lost due to premature
death and years of life lost due to time lived in states of less than full
health. The DALY metric was developed in the original Global Burden of
Disease 1990 study to assess the burden of disease consistently across
diseases, risk factors, and regions.

DISASTER RISK REDUCTION

A framework for assessing measures for minimizing vulnerabilities
and disaster risks throughout a society, to prevent or limit the adverse
impacts of hazards.

DROUGHT

In general terms, drought is a recurring extreme climate event that, over
a period of months or years, has precipitation levels that are below-
normal (Dai, 2010).

EMISSION SCENARID

Emissions scenarios describe future releases into the atmosphere

of greenhouse gases, aerosols, and other pollutants and, along with
information on land use and land cover, provide inputs to climate models.
They are based on assumptions about driving forces such as patterns of
economic and population growth, technology development, and other
factors. Levels of future emissions are highly uncertain, so scenarios
provide alternative images of how the future might unfold (WMO, 2012).
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ENVIRONMENTAL DISASTERS

Disasters that are generated in whole or in part through human activities.
This report measures the role of climate change or the carbon economy
in extreme weather events or geographically restricted pollution
disasters. Extreme weather events affected by climate change are natural
phenomena, but their aggravation through climate change constitutes a
human-induced contribution and influence on the final scale of disaster
- disasters are also widely understood as socially constructed regardless
of the natural phenomenon involved.

EXPOSURE TO CLIMATE CHANGE

Exposure to physical manifestations of alterations in weather
conditions and the environment as a result of climate change. See also
“Vulnerability - Physical vulnerability to climate change”.

EXTREME WEATHER EVENT

Infrequent meteorological events having a significant impact on the
society or ecosystem in a specific location.

FO0D SECURITY

Refers to the availability of food and people’s access to it. A household is
food secure when its occupants do not live in hunger or fear of starvation.

FOSSIL FUEL EMISSIONS

Emissions of greenhouse gases resulting from the combustion of fuels
from fossil carbon deposits such as oil, gas and coal.

GLOBAL DIMMING

Reductions in solar radiation that reaches the Earth’s surface during the
last 50 years (Stanhill and Cohen, 2005).

GREENHOUSE EFFECT

Greenhouse gasses effectively absorb thermal infrared radiation, emitted
by the Earth’s surface, by the atmosphere itself due to the same gases,
and by clouds. Atmospheric radiation is emitted to all sides, including
downward to the Earth’s surface. Thus, greenhouse gases trap heat
within the surface-troposphere system (IPCC, 2007).

GREENHOUSE GASES (GHG)

Greenhouse gases are those gaseous constituents of the atmosphere,
both natural and anthropogenic, that absorb and emit radiation at
specific wavelengths within the spectrum of thermal infrared radiation
emitted by the Earth’s surface, the atmosphere itself, and by clouds. This
property causes the greenhouse effect.

HABITAT CHANGE

Refers to shifts, changes or loss of human and ecological habitats due to
climate change impacts.

HEALTH IMPACT

The impacts of climate change that have an effect (positive or negative)
on human health.

HYDRO ENERGY

A “green energy” source in which running water is used to turn turbines,
which in turn generates electrical energy (Eon Energy Lab, 2012).

HUMANITARIAN AID

Activties involving protection of civilians and those no longer taking part
in hostilities, and provision of material or logistical assistance for people
affected by humanitarian crises and to facilitate their return to normal
lives and livelihoods.

INDUSTRY STRESS

The effect of climate change on specific industry sectors captured in this
report is based on e.g. fisheries, forestry, and agricultural losses or gains.

LANDSLIDES

Landslides occur when masses of rock, earth or debris move down a
slope and are caused by disturbances in the slope’s natural stability.
They often accompany heavy rains, droughts, earthquakes, or volcanic
eruptions. This report only considers weather-related landslides.

MITIGATION

Mitigation is broadly understood as human actions and interve3ntions
that stem global warming, i.e. that mitigate the warming effect.



OCEAN ACIDIFICATION

The ocean absorbs approximately one third of the carbon dioxide emitted
to the atmosphere from the burning of fossil fuels. As carbon dioxide
dissolves in seawater, the pH of the water decreases, which is called
"acidification"(Ocean Acidification Network).

OIL SANDS

Oil sands are a major source of unconventional oil for fuel/energy. They
comprise a mixture of sand, water, clay and bitumen. Bitumen is oil that
needs to be diluted or heated in order to be pumped due to its heaviness
or thickness (CAPP, 2012).

PERMAFROST

Ground (soil or rock and included ice and organic material) that remains
at or below 0°C for at least two consecutive years (IPA, 2012).

PROJECTION

A future value calculated according to predetermined changes in the
assumptions of the environment (IPCC, 2007).

RESILIENCE

The ability of a community or ecosystem to recover from, return to
equilibrium, or bounce back following a shock.

SCENARID

Model-generated set of market projections based on assumptions other
than those used in the baseline. They are used to provide quantitative
information on the impact of changes in assumptions on the outlook.

SEA-LEVEL RISE

The rising of sea-levels due mostly to thermal expansion and the melting
of land-based ice.

SINK

Any process, activity or mechanism that removes a greenhouse gas, an
aerosol, or a precursor of either from the atmosphere.
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SOCI0-ECONOMIC IMPACT

Refers to climate change impacts of both social and economic character,
comprising for instance mortality, illness (social) or monetary losses
(economic).

SRES SCENARIOS

Emission scenarios developed the IPCC.

VULNERABILITY

The conditions determined by physical, social, economic, and
environmental factors or

processes, which increase the susceptibility of a community to the
impact of hazards.

VULNERABILITY -
PHYSICAL VULNERABILITY TO CLIMATE CHANGE

Refers to people who live in regions that are prone to more than one type
of physical manifestation of climate change: floods, storms, droughts,
sea-level rise, etc (similar to “exposure”).

VULNERABILITY -
SOCI0-ECONOMIC VULNERABILITY TO CLIMATE CHANGE

Refers to the capacity of individuals, communities, ecosystems,
economies, and societies to adapt to climate change impacts and avoid
suffering from long-term, potentially irreversible, losses in well-being and
stability. Also referred to as “underlying vulnerabilities”.

WEATHER-RELATED DISASTERS

Natural disasters that are related to weather patterns, such as floods,
droughts, and heat waves. Geophysical disasters such as earthquakes
are not considered by this report.

WET BULB GLOBE TEMPERATURE (WBGT)

Composite temperature for estimating temperature, humidity, wind chill
and solar radiation effect on humans.
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SEVERITY

Severity shows the scale of the
overall or absolute global impact
of a given indicator and the
breadth of effects internationally.
“Major” impacts might involve, for
example, tens of billions of dollars
of economic damage or over
100,000 deaths on average per
year. Other indicators estimate
much lower levels of damage

or even positive netimpacts, in
which case the severity may be
assessed as “Minimal”.

’nﬁ Cities

fT Elderly

|i\w Farmers

!

SCALE (FROM MOST TO LEAST)

(alaTlala o

000 Serious
ea Select Concern Heavily labouring workers
e Minimal  Tropical countries

E Small islands

ﬁ Mountainous communities

’Nﬂﬂ Industrialized countries {;

r' Subsistence farmers
ﬂ Humid tropical countries
?’ﬂ‘#l Outdoor occupations
’i‘MMiddle income countries

? Pregnant women

Indigenous groups

Deforestation zones

— AFFECTED GROUPS

Affected Groups indicates the specific population segments or communities particularly affected or
susceptible to the impacts of a given indicator. The groups may be socially, economically, geographically
or.otherwise defined depending on the impacts under examination.

j‘: Dryland communities
'i" Water-Intensive industries
ﬂ Arid regions

Infants

s’i‘ Small children/infants

# chidren

@ Cyclone belt countries

’ Africa

°

i’ﬂ‘. Arctic communities

!IL Low-elevation coastal communities
ﬁ Coastal cities

fﬂg. Lower income communities
fT Chronic disease sufferers
i. Outdoor workers

lil/n Fishermen

Rural populations with
poor energy access

CONFIDENCE

Confidence shows the level of confidence that the research team attributes to the
indicator, based on a multi-point assessment. Judgements are made in relation to
the set of indicators that make up the Monitor assessment only; so, for example,
the research team has more confidence in indicators labelled “Robust” than in
indicators labelled “Speculative”. Some experts may however consider the robust
indicators to still possess inadequate confidence, or speculative indicators to
exceed simple speculation. A 3-point scale is used to evaluate whether each
criterion reviewed contributes or detracts from the overall level of confidence.

CONFIDENCE CRITERIA PER INDICATOR
LEVEL SCALE ) ’ L
(FROM MOSTTO LEAST) oSaence - Level of certainty/agreement in science

on the basic parameters involved

OArchitecture - Strength of the underlying model,
with preference for global/multi-country and higher
resolution studies

OCIimate (Only applies to the Climate section) - Level
of certainty/agreement in science on the magnitude
of change in key climate change variables, such as
rainfall or temperature

@Robust
@ Indicative
@culative

o Data - Quality of the socio-economic data sets
used, with preference for accurate, updated,
comprehensive and comparable data

A Remote communities

_~

¥ Sahel meningitis belt

'H' Young adults

'r Livelihoods derived from fishing
Af Energy companies

k Beach resorts

ﬁ Low-elevation winter resorts
lw Densely populated river ways
* Women
w‘. Oil sand host communities
!HL' Coastal communities

=
ﬁ Tropical forest zones

A/

oo Newly-industrialized countries
$»$ Transition economies

oo Industrialized countries

il Lower-income groups

w., Coal miners
,.&‘ Vehicle drivers

.

,m Coal and gas power plant workers
@ Fair-skinned

H Developed countries

X China

i Subsistence fisherfolk

E SIDSs

u Arid forested zones

MDG EFFECT

The Millennium Development Goals (MDGs) represent the international
community’s eight primary objectives for poverty reduction to be achieved by
2015. The MDG Effect indicates an impact for specific MDGs. One of the eight
goals relates to an international partnership for development and is not relevant
to the Monitor’s impact analysis. Any of the other seven goals are highlighted
whenever an indicator assesses a Climate or Carbon effect that is understood to
specifically undermine one or another of these goals.

(For more information on the MDGs visit: www.un.org/millenniumgoals)

End Poverty
and Hunger

Achieve Universal
Primary Education

Improve
Maternal Health

Combat HIV/AIDS, Malaria
and other diseases

Promote Ensure Environmental
Gender Equality Sustainability
Reduce

Child Mortality

PRIORITY

(Only applies to Climate section)

Priority shows the amount of support a specific
effect area has received through international
climate funding. It denotes the level of priority
that the effect or set of effects assessed by
one Monitor indicator has, as reflected in
international climate finance expenditures

for adaptation. “High priority” denotes higher
levels of funding from developed countries,
targeting the issue in affected developing
countries. “Low” or “no priority” is given to
concerns for which financial support has been
marginal or virtually absent. The OECD Creditor
Reporting System sub-sector flows for 2010
have been used as the basis for the analysis
(OECD CRS, 2012).

PRIORITY OF EFFECTS IN INTERNATIONAL
CLIMATECHANGE FINANCE FLOWS

SCALE (FROM MOST TO LEAST)

e High priority
e Low Priority
° Not a priority

INJUSTICE

(Only applies to Climate section)

Injustice shows how unjust or not a given
effect is on the global scale. It denotes the
level of injustice of a specific effect or set
of effects as they are assessed by one of
the Monitor’s indicators. Injustice is highest
when the affected countries have least
responsibility for climate change and at its
lowest when impacts are shared the most
among countries with high responsibility.
The four-point score is defined by
statistical quartiles, so the level of injustice
is also relative only to the Monitor’s
Climate section indicators themselves.
Responsibility for climate change is based
on total country GHG emissions from 1990-
2005 (Mueller et al, 2007).

DISTRIBUTION OF CLIMATE CHANGE IMPACTS
VERSUS RESPONSIBILITY FOR CLIMATE CHANGE

SCALE (FROM LEAST TO MOST)

SSDD

Least Most
unjust unjust
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—MORTALITY & ECONOMIC IMPACT

This section displays both the global impact of climate change as it is distributed
across the key Monitor country groups, and as the change in impact over time, as
a share of overall global population (for mortality) or wealth/GDP (for economic).
These are presented either using pie charts or (as percentage shares) or as bar
charts (for indicators with positive and negative impacts) showing shares of the
total impact by absolute amount.

0 Developed

6 Developing Country High Emitters

KEY COUNTRY GROUP DATA

Country
Group

Year

°

Developed

Developing Country
High Emitters

Developing Country

e Low Emitters
e Other Industrialized

World Total (World Average)

* Population data - source: UNSD, 2012

e Developing Country Low Emitters

e Dther Industrialized

UNFCCC Number of

Classification Countries

212 2010/2030
Annexl el
Non-Annex | 60
Non-Annex | 85
Non-Annex I Annex | 16
184

" 6DP data - sources: CIESIN, 2012; IMF WED, 2012

Share of Global
Population”
210 2030 2010
13% 12% 8%
0% 30% 3%
2% 5% 13%
8% 5% 8%
B.8billion | 8.Lbillion | $73billion

GHG data includes all Kyoto gases and Land use, land-use change and forestry (LULUCF) - source: Climate Analytics, 2012

RELATIVE IMPACT

Relative Impact shows how
countries with different levels
of vulnerability experience
impact relative to their size.
Climate or Carbon impact is
shown as a share of country-
level population (for mortality)
or country-level wealth/GDP
(for economic) for countries
with Acute or Moderate
vulnerability levels for the
years 2010 and 2030. The
scale varies per indicator and
is provided at the bottom of
each page.

Q Additional deaths due to
¥ climate/carbon per 100
share of population -
yearly average

Additional economic
costs due to climate/
carbon per share of GDP
- yearly average

@ Acute

Moderate

2030
DATA

N/A indicates that the
item is not applicable
to this indicator

PEAK IMPACT ——

Peak Impact illustrates how
severe certain time-specific
impacts can become. Historical
maximums in impact are cited
from the relevant databases
with the year of occurrence
provided alongside disaster
data from that year. Peak
impacts in no way imply

any assumed attribution to
climate change or not. They
serve simply to illustrate the
maximum scale of individual
impacts that have been
attained in the recent past
(2000-2012).

Top 5 historical yearly
losses (2000-2012)
by number of deaths

Top 5 historical yearly
losses (2000-2012)
by economic costs

|
GEOPOLITICAL VULNERABILITY

Geopolitical vulnerability provides the average
vulnerability level in 2030 for all countries
comprising key geopolitical groupings. The groups
covered range from Least Developed Countries
(LDCs) or Small Island Developing States (SIDSs),
to the Brazil-Russia-India-China (BRIC) nations,
or members of the Organization for Economic
Co-operation and Development (OECD).

@ Acute @ Severe

Share of Global GDP (PPP)™

2030

2%

§210billion

High Moderate (@) Low

Average Per Capita GDP Share of Total GHG Average Per Capita GHG
(PPP)” Emissions Emissions
2010 2005 2005
$36,000 30% 13tons C0,¢
§15,000 50% 14tons G0
§5,000 12% 2tons (0 ¢
$17.000 % Ttons C0¢
($19,000) 426tC0e (BtonsC0,e)

|
HOTSPOTS

Hotspots show countries
estimated to experience the
largest total impacts of any
country irrespective of overall
size of population or wealth/
GDP. The overall impacts are
given as yearly averages for
2010 and 2030 for the top
five countries by total impact
in 2030.

Countries with the
largest total climate-
related mortality by
number of deaths
Additional deaths due
to climate/carbon -
yearly average

Countries with the
largest total climate-
related damage costs
Additional economic
losses due to climate/
carbon (2010 USD
PPP) - yearly average
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BIGGER PICTURE

Bigger Picture gives insight into the situation beyond Climate or Carbon effects.

The Monitor only measures the share of impact estimated ato result from climate
change or the carbon economy. In many instances, Climate or Carbon are just

one -sometimes small, sometimes large- causal factor in contributing to losses.
Elsewhere, it is useful to know how impact relates to the overall issue analysed. Thus,
the Bigger Picture provides an indication of the overall scale of a concern and the

Climate or Carbon linked part of the issue under analysis.

ENVIRONVENTAL DISASTERS 18

—— MAINTEXT

Main Text provides a
descriptive overview of the
indicator. It is a summarized
explanation of the particular
effect or effect area under
assessment for each of the
Monitor’s 34 indicators.

— CLIMATE/CARBON
VULNERABILTY

The map shows the
2030 vulnerability level
for every country (all
184) for each indicator.
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SURGE

Surge shows how fast or slowly
impacts are accelerating
relative to other indicators.

The rate of change in impacts
as a share of population (for
mortality) or wealth/GDP (for
economic) may be increasing
rapidly or slowly, or may be
decreasing or be stable over
time. One of seven possible
values spanning this spectrum
are assigned on a statistical
basis independently for the
Climate and Carbon sections of
the Monitor and only in relation
to the other indicators of those
sections.

Highlighted rate
applicable

OCCURRENCE

Occurrence shows how
extreme events will become
more frequent over time.

It indicates the expected
change in the occurrence of a
major event over time as the
frequency of events is evolving.
For example, a major flood

or landslide that occurred in
1990 once every 20 years,
would occur in 2030 once
every 15 years.

ESTIMATED TIME BETWEEN MAJOR
EVENTS - YEARS

1990 Mwhz_o?,o

GENDER BIAS

Gender Bias indicates the
degree to which a particular
effect is understood to have a
pronounced negative impact
either for women or men.

In certain cases, there may

be independent reasons for
heightened exposure in both
men and women, in which case
a double bias is emphasized.

o o .
% Asymmetric effect for
either women, men or both

- INDICATOR
INFORMATION

Indicator Information provides
essential source information. It
gives references for the model
or models used to calculate
either climate or carbon
effects, the reference emission
scenario relied upon, and
sources of socio-economic or
environmental base data.

———VULNERABILITY SHIFT

Vulnerability Shift illustrates
the number of countries

per level of vulnerability in
2010 and 2030. It shows

the international shift in
vulnerability that is expected to
occur over this 20-year period.
Typically, more countries
register in the Acute or Severe
levels of vulnerability in 2030
versus 2010, as countries
experiencing milder levels of
impact begin, with accelerated
climate change, to share
similar intensities to those felt
by only few front-line countries
today.

Number of countries by
vulnerability level

WA Acute

WA Severe
High
Moderate

A Low

CLIMATE UNCERTAINTY

(Only applies to Climate section)

The map indicates regional
uncertainties of key climate
factors. It shows the level

of disagreement among
groups of climate models on
the direction of change of a
given indicator's key climate
variable(s), e.g. whether rainfall
will increase or decrease as
the planet warms. Information
is provided for each of the
Monitor's 21 sub-regions.
Regions have "Limited"
uncertainty when less than
10% of models disagree on
the direction of change for
that zone. Uncertainty is
"Considerable" when less than
two thirds of models agree,
and "Partial" when more than
two thirds agree, but not as
many as 90% or more.
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BOTTOM LINE

THE MAIN FINDING OF THIS REPORT IS THAT CLIMATE CHANGE
HAS ALREADY HELD BACK GLOBAL DEVELOPMENT: IT IS A
SIGNIFICANT COST TO THE WORLD ECONOMY TODAY. INACTION
ON CLIMATE CHANGE CAN ALSO BE CONSIDERED A LEADING
GLOBAL CAUSE OF DEATH. HARM IS MOST ACUTE FOR POOR AND
VULNERABLE GROUPS BUT NO COUNTRY IS SPARED EITHER THE
COSTS OF INACTION OR THE BENEFITS OF AN ALTERNATIVE PATH.
INACTION WILL INCREASINGLY HOLD BACK GROWTH. STRONG
ACTION WILL REAP MONETARY BENEFITS FOR THE WORLD AND
SAFEGUARD THE FATE OF NATIONS. TAKING STEPS URGENTLY
INCREASES THE BENEFITS AND REDUCES THE COSTS FOR ALL.
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