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Honourable Members

WWF's verbal submission to the Joint Committees Climate Change Public Hearings will cover
South Aftica’s role in dealing with Climate Change, both domestically and internationally,
including the nature of the response strategies we need to develop within our-country, and
contributions to inform our negotiating position at the upcoming Copenhagen talks.

WWEF is helping to articulate a vision of people-centred low carbon development, a response
to climate change which we believe combines advancing national social and economic
development imperatives, and addressing the need to mitigate and adapt to climate change.
Such an approach holds the potential of creating jobs, widespread social upliftment, resolving
challenges around depleting resources, and achieving cuts in greenhouse gas emissions.

For example, this includes targets like 15% of our electricity being supplied from renewable
energy technologies by 2020, and water security programmes involving restoration of key
catchments, river systems, improved wetland management. Strategies for social and
ecological adaptation could be pursued through public works programmes, and investments
that result in social, carbon, and ecosystemn benefits. :

Herewith executive summaries of the following WWF research reports, providing the global
context for this low carbon vision, and which you may find useful in your deliberations:

+ Arctic Feedbacks Report. the latest scientific findings on the state of Arctic ice, and a risk
assessment of the global consequences, being runaway climate change.

~» Ecofys Carbon Budget: a study working out the carbon constraints within which humans

need to operate to limit global warming to below 2°C. A key componEnt would be a carbon
tax.

» Climate Solutions iI: motivates the urgency of reindustrialisation to create low carbon
“development, and the potential this holds for positive social impacts and returns on
_investment.

WWF supports the South African lead agent in working for an inclusive, fair and effective

treaty agreement to come out of the Copenhagen negotiations, with ambitious binding targets
and strong democratic, mplementatlon mechanisms,

Thank you for the opportunity to present to the Joint Committees Climate Change Public
Hearings.

D"‘?ECTGHS M READ (CHAIRMAN). TA BCARDMAN, Dr MA DU PLESEIS {CHIEF EXECUTIVE), ¢ SARDLUS, | GOODWIN [EXECUTIVE), DM LAWRENCE,
M MAARIER, ) MATSAL, D AME MOHABA, MY MODEA {DEPLUTY GHAIRMAN], &) PHILLIPS, KE TAEUBER, P VAl ZYL, ME WILSCIN
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Executive summary

Stringent global greenhouse gas emission reductions by all saectors and all countries
will be necessary to keep global average temperature increase below 2°C. This report
gives an overview of different methods to share the effort of reducing greenhouse gas
emissions between countries to reach a given global carbon budget by 2100 in line
with the 2°C limit,

First, we defined the carbon budget, which is the amount of toierable glabal emissions
over a period of time. Afterwards, we divided the available emission rights among
countries according to different rules. To be consistent with the 2°C limit, for this
report we assume COeq emissions will have to be reduced by 30% compared ta 1990
levels by 2030, By 2050 global emnissions excluding those from land-use charige and
forestry (LUCF) need to be reduced by 80% compared to 1990. This [eads to an
emission budget of roughly 1800 GtC0,eq between 1990 and 2100 excluding LUCF.
Further, we assume that emissions from LUCF remain constant at about 4 GtCO- until
2010 and decline to zero by between 2010 and 2020, LUCF will become a stable net
sink of emissions afterwards. By 2030 LUCF will remain at -4 GtCQs. The glabal
emission budget including LUCF will, thus, be about 1600 GtCO,eq. This is the budget
between 1990 and 2100, Until today and because markind has already increased its
global emissions substantively since 1990, the remaining net cumulative budget
between 2009 and 2100 Is limited to 870 GtCO2eq. This translates to an allowable
global annual emission on average for the next 91 years of no more than 9.5 GtCO.eq,
or about 20% of today’s annual net globa! emissions.
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Figure 1. Possible global GHG emissions pathway between 1990 and 2100
accarding to a global carbon budget of about 1800 Mt €0,eq {(excl. LUCF) and
1600 Mt CO.eq (incl. LUCF)

Under this strict emission budget, delay in. reductions. of only 5 years has signlficant
consequences. Starting absolute global emission reductions around the year 2015
requires global average annual emissions reductions of about 5%, which already is
very ambitious. Starting absolute global reduction in 2020 requires a global annual
reduction of 8% after 2020,

The requirements to reach this are very stringent (see Figure 2), This is also reflected
by the resulting target of about 0.5 tCO,eq per capita as global average in 2050, In
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2020 the average per capita emissions are around 9 tCOseq per cap‘ita for Annex I and
3-5 tCOzeq per capita for non-Annex 1.

We have shared the global emission budget using three methodologies, which are
currently under discussion:

* Greenhouse Development Rights (GDRs): All countries need to reduce
emissions below ‘their business. as usual path based on their responsibility
(eumulative emissions) and capacity (GDP). Only emissions and GDP of the
population above a development threshold account towards responsibility and
capability.

* Contraction and Convergence (C&C): The targets for individual countries are
set in such a way that per capita emission allowances converge from the
countries’ current lavels to a level equal for all countries within 3 given period,
here until 2050,

+ Comrnon but Differentiated Convergence (CDC): As above, targets are set so
per capita emissions for all countries converge to an equal level over the period
2010 to 2050. For developed (Kyoto Protocol Annex I) countries’ per capita
emission allowances convergence starts immediately, For individual non-Annex
I countries’ per capita emissions convergence starts from the date when their
per capita emissions reach a certain percentage threshold of the {gradually
declining) global average, ‘

Generally, the Greenhouse Development Rights approach (GDRs) allows negative
emisslons where required reductions based on capacity and responsibility are larger
than business as usual emisslons. Contraction and Convergence {(C&C) and Comrmon
But Differentiated Convergence (CDC) allow only very low but not negative ernission
levels, Therefore, Annex 1 emission targets go to -60% in 2020 under the GDRs, while
the other approaches require around -40%.

Negative emission allowances (below 100% of bhase year) do not mean that the
respective countries have to mitigate everything domestically. This is just a method of
illustrating the equitable emissions allocations under this methodology. In reality it
fmeans that industrialised countries have to substantially support reducing emissions in
developing countries via the carbon market, tech nology and/or funding etce,
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Figure 2. Development of‘emission allowances for Annex I countries and Non-
Annex I countries between 1990 (0%) and 2050 under the effort shating
approaches CDC, GDRs and C&C
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Developing countries in general and economies in transition (EITs) have more room to -
grow under GDRs than under the other approaches. The main reasons for this are the
relatively low per capita emissions combined with limited financial capacity.

Least Developed Countries (LDCs) are almost all exempt from emission reduction
requirements under GDRs, while under C&C they are granted little more allowances
than their reference emissions until 2020 and face reduction obligations after 2025,
Under CDC they face reductions after 2030,

Cumulative emissions per capita vary considerably under CRC and CDC for Annex I
and non-Annex I. For GDRs some non-Annex I countries are even granted higher per
capita cumulative ernissions than some countries of Annex I,

Under GDRs, non-Arinex I countries are allowed to increase their total ernissions and
peak untl 2025 and then need to reduce them to roughly today’s level in 2050 (about
50% above 1990). Under C&C and Che there is less room for growth and their
emissions need to be at a third of toeday’s erissions (half of 1990 emisgsions). This is
particularly reflected in the case of China and India, Both countries would be entjtled
under GDR to grow thelr emissions by 10% and even 240%, respectively, by 2050
compared to 1990, while being required to reduce by more than 70% and about 2-7%
in the same period under the other two models.
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Climate Solutions 2:
Low-Carbon Re-Industrialisation

A report to WWF International based on the

Climate Risk Industry Sector Technology Allocation
(CRISTAL) Model

Executive Summary

Climate Risk Fty Ltd provides specialist professional
services to business and government on risk,
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xecutive Sui

Re-Industrialising to a Low-
Carbon Economy

This report modéls the ability of
low-carbon industries to grow and
transform within a market economy.
It finds that runaway climate change
i almost inevitable without specific
action to implement low-carbon
re-industrialisation over the next
five years. The pointof no return is
astimated to be 2014,

Climate Solutions 2 recognises that
every industry has constraints on its
abitity to grow caused by fimitations of
resources, technology, capital and the
siza and skills of its workfarce.

These limits 2re measurable and make it
possible to.calculate, with considerable
sophistication, the spead required to
re-industrialise the energy and non-
energy sectors 1o create a low-carbon
economy in time to prevent runaway
climate changa,

Climate Sofutions 2 accesses historical
data and uses a variety of modals to
reach its conclusions, Two scenarios
have been considered in this report:

*  Emissions cuts of B3% relative to
1990 levels; and

*  Emissions cuts of B0% relative to
1990 lavels.

Under bath scenarios, avery key
low-carbon resource and industry
must be under their maximum rate
of development by 2014. For the 63%
reduction scenario, sach of thesa
resources and industrigs must grow
at between 22% and 26% avary year
untilthey reach a scale that provides
reasenable certainty of achieving the

ary

nacessary global emissions [evais by ‘the
mid-century.

Inthe second scenario; there is a
significantly better chance of avoiding
warming of 2°C if ernissions levels
are 80% below 1390 levels by 2050,
However, 1o achieve this outcome
requires the re-industrialisation
process to commence immediately with
growth rates of between 24% and 29%
avery year until deployment scale has
been achieved. In addition, emissions
ahatements from the forestry and
energy efficiency sectors must be at
the upper end of what is technically
possibla.

The goed news is that the resulting
economias of scale from these low-
carbon revolutions will creats major
long-term savings and returns when
compared to the business-as-usual
trajectory, especially in the enargy
Sectors. ‘

Where We Are Now

Higher Atniospheric Greenhouse Gas
Levels than Expected

The current level of carbon dioxide in
the atrnosphere i 388 ppm {(parts per
million) while the tatal greenhousa
gases arg estimated 10 be 463 ppm
{Tans 2009), This Is precariously closs
to the approximate 475 ppm uppar
limit (for greenhouse gaszes) that
current literature pradicts makes it
possible to return to a stable 400 ppm
(Meinshausen 2006). Beyond this

level, runaway climate change grows
increasingly likely, At present, the rate of
increase in atmospheric carbon dioxide
has not yet begun to slow and, in fact,
may be accelerating.

cl Climate Solutions 2: Low-Carbon Re-Industrialisation

No. 2034 P9

{7



b. Nov. 2009 13:43 WWF

~ The Development of Low-Carben
Indastry is Too Slow '

This repart clearly identifias that the

key constraint to meeting emissions
levels neaded to prevent dangerous
climate changé is the speed atwhich the
gconomy can make the transformation
1o low-carhon resources, industries and
practices. Today, only three out of 20
Industries are moving sufficiently fast
enaugh.

There are Less Than Five Years to get
Low-Carbon Re-Industrialisation
Underway

To avoid major economic disruption,
the report’s modelling indicates that
world governments have a window
that will close betweaen now and 2014,
In that tirme thay rmust estabiish fully
aperational, low-carbon industiar
architecture, This must drive a low-
carbon re-indystrialisation that will be
faster than any previous econemic and
industry transformation.

Carbon Tradihg Sehemes, Alone, are
Nota Sufficient Solution

By itself, an emissions trading

scherhe will not promote the grawth
of impartant but initially higher-cost
technologies. A corprahensiva plan
for low-carbon industrial development
is an jntegral part of the salution. If this
window is mizsed then economically
disruptive “cormmand-and-contral
style government intervention will be
necessary to focus industrial production
on the climate change challenge,

How to Achieve a Low-Carbon

Economy

The !ndustrias that will Lead the Way

Clean energy generation, energy
efficiancy, low-carbon agriculture

and sustainabie forestry must fead

the transformation toa JOW-carbpn
ecanomy. It is important to note that
solytions that extract and store carbon
from the atmosphete and biosphere,
such as biomass energy production with
carbon capture and storage (CCS), have
not been used as part of the suite of
resources in this report but are likely to
be raquired at some stage if constraints
on fuels can be resolved.

Rapid Expansion of Clean Industries

This répart's modsiling shows that to
get key industries to a sufficiant scale of
deployment, from 2010 they will need

to grow by 22% evary year in the minus
63% scenario and by 24% every year in
the minus 80% scenario to achieve the
necessary cuts on 1990 levals. The scale
ofthis re-industrialisation cannot he
underestimated, Every year of dalay will
increase the level of growth required
and increase costs,

Should re-industrialisation he delayed
until 2014, low-carban industries would
need 1o sustain an annual growth rate
of about 29% to have a graater than

50% chance of avoiding 2°C of global
warming. This upper rate appears to be
the fimit of plausible sustained industrial
grawth, sa further delays will tip the
probability in favour of runaway efimate
change and its consequencas.

No. 2034
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Stable Investment Environments

Low-carbon re-industrialisation will
requiré aach government to create

a secure, Jong-term investment
anvironment to allow for major
increases in the scale of production and
installation af low-carban technolagies.
This includes technologies and
resourcesthat will take two or more
decades to reach commercial viability.

Investing in 2 Low-Carbon Econemy
— Costs and Returns

Long-Term Investment

Transforming to a low-carben econorny
will require substantial investment in
resources and infrastructure. Many

of these invastments wilt eventually
become commarcially visbla in their
own right.

The investment required 1o gover the
additional cast of renewabla enargy
relative to fossil fuel energy is about
US56.7 triflion in the minus 63%
scenatio and US$7.0 trillion in the minus
80% =scanario. If the ongoing costs of
CCS vutto 2080 are also included, these
costs would be increased by as much as
UsE10 trillion.

. The modelling indicates that annual
expenditure wilt peak at around US$375
Lillion a year in the minus §3% scenario
and US$400 billion a year for the minus
80% scenario by 2025 and then start to
decline. With sufficient up-front capital,
energy efficiency measures will be
cost-effective immediately or over a
very sharttime period. Forest and CC8

No. 2034 P 11

initiatives will requirs ongoing funding.

Since global agraemants on emissions
and carbon pricing are not yetin place,
this report takes the canservative stance
of applying no carbon pricing for the
minus §3% or minus 80% scenarios.

Tipping Point into Profit
Within the paried from 2013 1o 20489,

the average production cost of each
renewable energy technelogy around

. the world is faracast to becoma chaaper

than #nergy preduced from their fossil

fuel competition. In countries with high

energy prices, this renewahle enargy
cross-gver will occur soonast,

Returns on Investment

Govarnment, industry and institutional
investors can expect to see the banafits
oftheir investment in transforming
the energy sector from 2013, This

is the point whan the first of the
renewahle energy technologies starts
to outperform the surrent fossil fusl,
business-as-usual model,

The scale of renewable energy savings
from 2013 to 2050 is expected to ha in
excess of USS41 trillion for the minus
63% scenario and US347 trillion for the
minus 80% scenario.

implications for Government, .
Industry and Investment

This report indicates that to avert
runaway climate change, an
international agreement on greenhouse -
emissions must be augmanted by a

o
& i
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pragram tg rapidly dave!‘dp abroad
suite of low-carbon industries. This
program must develog all laW-carban
energy sectors concurrantly — even
those notinitially profitable - and on an
unprecedented scale. This means that:

*  The private sector must be preparad
for a massive scale-up of the low-
carbon sector and not stand in the
way of this transformation. It must
deliver cost reductions through
economigs of scale,

*  Theinvestment community rust
committens of trillions of dolfars,
but can be rewarded with secure
substantial long-term returns,

*  Governments must create a stable
long-term investment énvironment
that fosters a sécure market for al]
low-carbon industries and their
invesiors.,

Explanation of Major Findings

The Implications of an Upper Limit
to Industrial Growth

A central axiorn of the modelling in this
reportis that there are real-world limits
to the rates at which companies and
their industries can grow. In the energy
sector, growth rates of less than 5% are
typical. In the new, renewable energy
secion, only a few industries have been
able to sustain growth rates above 20%
far long periods. -

The reélhworld constraints to industrial
growth include access to skilled peaple,
CCess to resources, access to plant
and machinery for manufacturing,
i'nstallation and operation, and access
to capital far both manufacturing and

projects. Rapid growth can be just as
hazardous for a company and industry
as inadequate growth, Therefore, it

is important when modelling the
growth of low-carbon industries to
establish a plausible upper limit of
growth for companies and industries
participating in a2 very rapid low-carbon
re-industrialisation.

This upper limit reflagts the point at
which companies are likaly to either

fail due to excessive growth or turn
away oppartunities in order to maintain
stability.

In this réport, 30% annual average
growth is considered to be the upper
limit of sustained industry growth in
afree market. Bayond this limit, the
delivery of consistent growth is not
plaugihle,

Under a “command and control”
scenario - typically only observed
during times of war - it may be possible
to achieve annual growth rates slightly
beyond 30% by forcing the reallacation
of resources, However, since most
renewable enargy industrios rely an
specialised skills, squipment and
materials, any benefits obtained by such
forced resource reallocation are likely ta
be limited. '

The 30% upper limitto industry growth
used in this report reveals a very limited
window of opportunity and, therefore,
very fittle margin for policy error.
Initially, delays in establishing low-
carbon industries can be compensated
by increases in the growth rate.
However, 8t some stage these delays
will no langer be able to be recovered
by growth rate increases (when they
reach their upper limit) and this will
inevitably tead to delays in delivering

C-{ Climate Soluticns 2: Low-Carbon Re-Industrialisation
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§tiil possible up to 2014,
as giowth rates can
increase up to a
maximum of 30% per
annum

Industry scale

Time

the low-carbon outcomes (see Figire
1L The consequence of such delays will
be a failurs te meet the cumulative and
annual emissions reduction objectivas
neaded to prevent runaway climate
change.

Tha modelling indicates that it iz stil|
possible to achieve emissions levels
that are 80% below 1990 levels by 2050.
Reaching these levels creates a high
-prabability of aveiding global warming
of 2°C. To achieve an 80% reduction hy
2050 requires immediate low-carben
industrial development growth rates
of 24% every year until Iarge~scalé
deploymenthas been achisved. Atthe
same tima, countries must maximize
all plausible emissions abatemant
opportunities in the forestry sector and
boost the adoption of energy efficiency
measures, '

This report finds that if
re-industrialisation across all low-
carbon sectors —including clean energy,

Too late.
Impassible
to meet
target as
industry
growth
rates are af
maximum,

forestry and agriculture - daes naot get
vnderway until after 2014, then the
probability of exceeding 2°C of warming
and the risks of runaway climate change
accurring will exceed 50%.

For all emissions ahatement scenarios
exarmined in this report, it is assumad
that there are ne major changes in
popufation growth, GDP growth or
fundamental lifestyle choices. f such
activities were curtailed over the long-
term, the [ow-carbon industry growth
rate requirementis reported here may be _
gasad somewhat,

The tnadequacy of Trading/Carbon
Price Alone

Should the development of low-garbon
industries be unduly delayed, the .
constraints on industrial growth will
create a situation where industrial
production cannot respond to prica
signals from the market, That is,
despite an increasing price for carbon,

1
M
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the industries most able to provide developrent. Figure 3 shows that even -
abatement at those prices will not be for high carbon prices there is still 4
sufficiently developed or able to grow costshortfall for low-carbon energy

fastenough to meettha demand. Thay  generatian relative to that of fossil fusts
will be eonstraindd by shortages of skills, that would ne2ad 1o be met by investment

ratarials and production output, of some kind.

One foréseeable cause of delay is Investment and Returns

the exclusive use of price-hased

mechanisms like emissions trading. Changes in energy prices, driven

These mechanisms supportthe by economies of scale, will be an,

development of least-cost industrias intrinsic compenent of low-carbon

first, essentially fostering a sequential recindustrialisation. For example,

industrial development procass. currently renewable energy
technalogies generally cost more

This report compares 2 sequaential than fossil fuel-based energy and are,

davé!obment scenatio with a concurrent  therefore, priced out of the market,
development scenario, The comparison  Howevar, ance renewable energy
reveals that for the sequential approach,  tech nalogies are driven to larger scales,
emissions levelsin 2060 are morathan  this gituation reverses.

double thase in the concurrent case , ‘

when using the same industry growth Since the fuels for renewable

rates (see Figure 2), tachnologies {i.e. biomass, wind, sun,
: etc.) are obtained atzero or low cost, the
Even if price-based mechanisms like care cost stems from building plants to
emissions trading were accompanied extract that energy. Empirical evidence
by policies that ensured the sequential provides a refiable guide to the decline
development of low-carbon of future costs,
industries, there would still be a naed
for investment in the early stages of . By contrast, fossil fuel costs are likely
' ‘ S 5 s i:
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taincrease in price due to rising

fuel extraction costs and the cost of
managing greenhcuse gas pollution.
Climate Sojutions 2 assumes that fossi|
fuel prices will increase by 2% avery year
but does not include a cost of carhon,

In this réport, the point at which the first
renewabie energy industries, such as
wind and srall hydro power, start to
create net savings is 2013 (assuming

no retardation of learning rates), By
2049, all majorlrenewable resaurces will
be able to provide energy at, or below,
those costs projectad in the business-
as-usual scenarie, The final resources
projected to cross the viability line are
wave and ocean energy generation.

In rnany couniries with higher energy
prices, the savings will start being
realised much earlier,

Dacreasing ralalive costwith higher carbon price
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B SO/ e in 2010 viging fin early (o 550/tC0 0 i 2050

B 52040, -8 in 2070 Milng lingarly to §100/L00 410 2050
W 520/00 -2 in 2070 Heing linarly to $200/t00 6 In 2050
W520/6C0 -2 in 2010 rizing linearly to $460/0C0 -2 in 2050

This presents a long-term investment
picture in which short-term price
support to achieve economies of scale
is repaid with long-term returns from
the cost savings (sse Figure 4). This
type of investrnent and return profile is
most appropriate for institutional and
pension fund investments. It may also
lend itself ta the use of “climate bonds”
—structured by governments, investors
and industry specifically to support this
process,

Conclusions

The current trajectory of global
greenhouse gas emissions is on course
to trigger tipping elements that are
foracast to unlock runaway climate
change, ' ‘
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Lost

However, a small but rapidly closing
window of oppartunity remains to

No. 2034 P 16

%\%5 ii iﬁ"ﬁiﬁ%i“ ! }%
Price suppart mvestment.‘ .[W‘i“’g ‘ zﬁ
Return an investment froin savings :i;;iib: ‘ ‘W@Q ﬂ’;& i %
? L L

Time

= - Policy implications. 24 critical fow-
carbon resources and industries

prevent this eventuality, This window |5 will be needed to meet the required
defined by the time needed to davelop ernigsions target. This implies that

and deploy lew-carbon industries
ata scale that will prevent & 2°C rise
in global temperatures. In order t
proceed through this window of

scheres such as carbon pricing and
. trading - which foster davelopmeant

of one technology after another,

with least-cost technologies being

apportunity, the pracess of low-carhon activated first — are not sufficient by
re-industrialization must be at full spead themselves. Instead, international

o later than 2014,

policy is required to simuitansously
drive the worldwide ramping up

Beydnd 2014, this repart finds that there of the full suite of low-carban
iz a "point of no raturn”, where market- industries and pragtices identified in
basad mechanisms cannot be expected thiz report. '

to meet the abatement requirement, At

this point, the probability of runaway

+  Opportunities: The good news is

climate change is considerably greater that the resaurces, technelogies

than the probability of keeping the

and industries required for the

globial average tamperature from rising transformation ara all available; the -

morethan 2°C.

This finding has important paolicy
implications and oppertunities.

C-{ Climate Solutions 2: Low-Carbon Re-Industrialisation !‘%n‘{‘:i'ﬂf

rates of growth are plausible and
the trillions of dollars ofinvestment
required are within the capacity of
the institutional investment sector.

e
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VER THE PAST FEW DECADES, the Arctic has warmed at about
twice thie rate of the rest of the globe. Human-induced climate change
has atfected the Arctic carlier than expected. As
aresult, climate change is already destabilising important
arctic systems including sea ice, the Greenland Ice Sheet,
mountain glaciers, and aspects of the arctic carbon cycle climate change has
including altering patterns of frozen soils and vegetation and affectad the Arctic
increasing methane release from soils, lakes, and wetlands. '
The impact of these changes on the Arctic’s physical
systems, biological systems, and human inhabitants is large
and projected to grow throughout this century and beyond,
In addition to the regionalpons:quanceé of aretic climate change are its global
impacts, Acting as the Northern Hemisphere’s refrigerator, a frozen Arctic plays
a central role in n:gulatmg Earth’s climate system. A number of critical arctic
climate feedbacks affect the global climate system, and many of these are now
being altered in 4 rapidly warming
Aretic, There is emerging evidence
, and growing concern that these
gvidenca and growing feedbacks are héginning to accelerate

coneern that arctic climate global warming significantly beyond

feedbacks affecting the the projections currently being

. considered by policymakers, Recent
‘ "
giobai climate system are observations strongly suggest that

beginning 1o accslerats climate change may soon push some
warming significantly systems past lipping points, with
glohal implications. For exaraple,
the additional heat absorbed by an
increasingly ice-free Arctic Ocean
in summer is already accelerating

fuman-induced

earlier than expactad” |

“Thers is amerging

beyond current projections”

local and rcgmnal warming and preventing sea ice from recovering. There is also a
concern that arctic feedbacks may increase regional or global warming sugmﬁcamly
enough that it would alter other climate feedbacks.

While the important role of the Arctic in the global climate system has loﬁg been
recognized, recent research contributes much to the understanding of key linkages,
such as the interactions between the Arctic Ocean and the atmosphere. At the same
time, the science agscsging the growing tegional and global consequences of arctic
climate impacts is rapidly maturing. In combination, these growing insights sharpen
our awareness of how arctic climate change relates to global average warming,

2 ARCTIC CLIMATE FEEDEACKS: GLOBAL IMPLICATIONS EXECUTIVE SUMMARY
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and what level of global warming may constitute dangerous human interff:rc:néc
with the climate system. Avoid'ing such interference by stabilising atmospheric
greenhouse gages at the necessary levels
is the stated objective of the United
Nations Framework Convention on
Climate Change. Global feedbacks
already arising from arctic climate

“Global feedbacks already arising
from arciic climate change suggest
that anything but the most ambitious
change suggest that anything but the most constraints on gresnhouse QES

ambitious eonstraints on greenhouse gas . #ici
concentrations may not be sufficient o -conzentrations may not be sufficient

avoid such interference. This points to the 10 8v0id dangerous interference
need to continually incorporate the latest with the climate system?”
seience in determining acceptable fimits. ‘

Climate change in the Arctic is
affecting the rest of the world by altering ‘
atmospheric and oceanie circulation that affect weather patterns, the increased
melting of ice sheets and glaciers thar raise global sea level, and changes in
atmospheric greenhouse gas concentrations (by altering release and uptake of carbon
dioxide and methane). This report provides a comprehensive and up—to—dﬁtc picture
of why and how climate change in the Arctic matters for the rest of the world and
is thus relevant for today’s policy decisions regarding reductions ini atmospheric
greenhouse gases. In particular, the report describes the most recent findings
regarding major arctic feedbacks of global significance for coming décades.

N SUM, important aspects of the global climate system, which directly affect
many people, are already sceing the effects of arétic climate change, This
-assessment of the most recent science shows that numerons arctic climate

feedbacks will make climate change morc severe than indicated by other recent
projections, including those of the IPCC 2007 assessment. Some of these feedbacks ‘
may even interact with cach other. Up-to-date analyses of the global conscquences
of arctic change highlight the need for ongoing critical review of the thresholds
of dangerous human interference with the clirate system, and demand increased
rigour to stay below these thresholds through an ambitious global effort to reduce
atmbsphcrjc greenhouse gases.
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Arctic Climate Change

~ The Arctic climate feedbacks that are the focus of this report are taking place in
the context of rapid and dramatic climate change in the Arctic. Riging temperatures,
rapidly melting ice on lard and sea, and thawing permafrost are ameng the
sweeping changes being observed, The following is a brief summary of these
changes that define the starting point for the discussion of arctic climate feedbacks
and their implications for the world.
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Key Findings of this Assessment
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R

: 200 projectmn of a 25 per ccnt averﬁgc reducuon of thc ; erturnmg‘mr: latmn by 2100

‘| Peop!e are affected nut only by changes m cu:ean cm:ulatmn strength but also by
| changes in c:lrculatlon pathways. ThlS a,sscSSmcnt hlghl]gh[s the potenual for currents in
" Lhe Nirth Atlanuc Ocean o' alter their paths leferent ocean currents ttanSpDrt waters wuh
dlffarcnt charactenstlcs suppomng different ECosystems, Therefore changes in ocean’ mrcula-
tion palhways will affect ﬁshencs and other marine resources,
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) ,]mss fro” ‘ me ice sh cts Incre.ase . sea levc : wﬂl be hxgher in Sﬂme an:as than i
ol:hers Lc:w Iymg coastal areas. ro nd the warld are at partlcular ‘sk S
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. oxide i lS hlghly mﬂue ,ed by physmal and bmlooxcal pmcesses Lhemsalves subject
to cllmatv: change 1mpa;cts suc:h as sea 1ce cc»w:r Seasonal manne plant (such ag phyh Lo B
\toplanl{mn) growth ocean c:lrculanon and ac1d1ﬁc;atmn tempcrature eft&c:ts and rlver]‘ S
‘ mputs makmg pro_]cc[mns uncertain, ‘ Dot
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T

ililth

151 to)

| M Momtanza . ‘ T nsfifvte - PAGE, 2000,

"M Carbon gmis'.sii.bp:s‘ v:vi"ll: uju.t:l:)é.c.e‘ uptake afs} warnting p

mceeds. Fufﬂlﬁe.ﬁfctic: L
carben emissions to the‘ atfriosphere will oiitpace carbon S[:dt‘agc, énd.cﬁhang‘eé in

: landscape will result in more of thé sun’s energy being absorbed, accelerating climate
fch&ngcl o S ‘ TR o
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I The must vnlnerable hydrates are on the East Slherlan Shelf The largcst shal
IOWest -and thus most vulnerable f:acnon of mathane depomts occurs on the East Slbf:nan
Shelf, Inorcased methane emissions above this shelf have been observed, but it is not yc:t ‘
k_nowﬁ whether recent arctic warming 1s responsible for the increase in emissions.
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