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27 February 2009

To the Emissions Trading Scheme Review Committee:

SUBMISSION ON THE REVIEW OF THE EMISSIONS TRADING
SCHEME AND RELATED MATTERS

from

THE NEW ZEALAND CLIMATE CHANGE CENTRE

1. INTRODUCTION

This submission is from the New Zealand Climater@eaCentre, a joint initiative
formed by all of New Zealand’s Crown Research tosts together with Victoria
University and Canterbury University. It has beempiled by Dr David Wratt,
Director of the Centre, in consultation with then@e’s participating organisations.

Our contact details are:

Dr David Wratt

Director, New Zealand Climate Change Centre
C/o NIWA,

Private Bag 14901,

Kilbirnie, Wellington 6241

Daytime Telephone: 04 386 0588
Cellphone: 021 349 742
Email: d.wratt@niwa.co.nz

Backup contact:

Mr Richard Nottage

Daytime Telephone: 04 386 0327
Cellphone: 027 223 0536

Email: r.nottage @niwa.co.nz

We wish to appear before the committee to speakit@ubmission, represented by
Dr Wratt. We wish that the following also appeasupport of our submission:

» Dr Harry Clark, Section Manager Climate, Land &m¥ironment, AgResearch
» Dr Brett Mullan, Principal Scientist, NIWA
» Dr Andy Reisinger, Senior Research Fellow, Victdiaversity
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1.1 Overview of the New Zealand Climate Change Centre

The New Zealand Climate Change Centre (NZCCC)agnd initiative by New
Zealand’s Crown Research Institutes (CRIs), Vietdfniversity, and Canterbury
University. Our goal is to enhance the capacitieiv Zealand, both domestically
and in partnership with other countries, to antitg) mitigate, and adapt to climate
change. We facilitate collaboration to develop, ommicate, and apply science-
based solutions to climate change-related issues.

The members of the NZCCC are:

AgResearch

ESR (Institute of Environmental Science and Resgarc
GNS Science (Institute of Geological and Nucleaeises)
Industrial Research Limited

Landcare Research

NIWA (National Institute of Water and Atmospheriesearch)
Plant and Food Research

Scion

University of Canterbury

Victoria University of Wellington

Our member organisations possess much of New Z#ialeesearch and technical
expertise in climate change. They undertake rekearcPast and present climate
variability and changes in New Zealand and the ISWest Pacific, and causes for
these changes; Projections of future changes ¢ingjuthe use of global and
regional climate models); Climate change effects\arinerability to these;
Measurement and mitigation of greenhouse gas emis$including research on
emissions from ruminant animals, energy produciioa efficiency, renewable
energy, carbon storage in terrestrial systems aadhrests and soils, carbon
capture and storage in geological systems, andpoat); Adaptation to climate
variability and change in New Zealand and the Sduést Pacific.

Staff from our member organisations provide infotioraand advice on climate
change science to policy advisors and other staféntral, regional and local
government, industry, and agriculture. Some ofsmigntists have been active in
senior roles in the Intergovernmental Panel on @@hange (Working Group |
and Il Bureaus, Technical Support Units for Work@igpup | and for the
preparation of the Synthesis Report), or as leddoasi for chapters of the IPCC’s
Third and Fourth Assessment Reports. We have straegational links and
research collaborations with scientific organisagicn many overseas countries.

The NZCCC is led by its Director (Dr David Wratth governance group
consisting of representatives from GNS Sciencedtare Research and Victoria
University of Wellington guide the activities ofedtNZCCC. Representatives from
all of the NZCCC’s member organisations agree ésé¢hactivities by consensus.
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1.2 Consultation Undertaken in Preparing This Submission

In preparing this submission we have consulted alitbf our member
organisations, through the following participarnesentatives:

AgResear ch: Dr Harry Clark

ESR: Dr Virginia Hope

GNS Science: Dr James Crampton

Industrial Research Limited: Mr Keith Jones

L andcar e Resear ch: Dr David Whitehead

NIWA: Dr David Wratt, Mr Richard Nottage, Dr Brett Mal

Plant and Food Resear ch: Ms Philippa Stevens, Dr Brent Clothier

Scion: Dr Tim Payn

University of Canterbury: Professor James Shulmeister

Victoria University of Wellington: Professor Martin Manning, Dr Andy Reisinger

1.3 Member Organization Submissions

In addition to this NZCCC submission, several of member organizations are
also making separate individual submissions insavéd#ere they have particular
expertise and interests.

2. SUMMARY

The key points we wish to make through this subimmssvhich are expanded in
our specific comments under individual terms oérefhce below, are:

General: We recommend the Fourth Assessment Report ohteegovernmental
Panel on Climate Change (IPCC) as the authoritatwvece for information
on climate projections for various greenhouse gaissons scenarios, and
their uncertainties and risks. The reason for @mfidence in the robustness
of the IPCC’s findings lie in the global, sciencgvdn and peer-reviewed
assessment process that it follows. This proces®éan outlined to the
committee in an invited presentation by the Clim@bange Research Institute
of Victoria University, a member of the New ZealdDlimate Change Centre.

T.0.R. 4 - ProjectionsThe IPCC provides two classes of emissions amaaté
projections:
. “SRES scenarios” which explore a range of developmetita
which do not include additional climate policieab current ones,
and

1 “SRES scenarios” describes a set of emissions soemartlined in the 2000 IPCC Special Report on

Emissions Scenarios.
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« “Stabilisation scenarios” which include global rgétion efforts to
reduce emissions and eventually stabilise greemhgas
concentrations in the atmosphere.

It is a consistent feature of all emission scesaand climate projection
studies that more greenhouse gas emissions leadreowarming. Global
average surface warming projections for the SRBESaftditional climate
intervention) marker scenarfoassessed in the Fourth Assessment Report
range froni 1.8 [1.1 to 2.9]°C for the lowest scenario to 2@ to 6.4]°C for
the highest scenario. These projections are foetiaeof the 2% century
relative to the period 1980-99. A further 0.5°C @ddbe added to convert
these temperature changes to increases relatttie fre-industrial period.

The IPCC Working Group Il assessment indicatesifsigmt negative global
impacts in many sectors from projected climate gearas the Zicentury
progresses, especially once global average tenyperacreases by more than
about 1.5°C above 1980-99 valti€Ehis is why a target of limiting warming
to 2°C above pre-industrial temperatures (1.5°G/ad®80-99) is frequently
discussed in the context of the United Nations fenaork Convention on
Climate Change (UNFCCC) negotiations. The IPCQ bstmate projections
for each of the SRES (no additional climate intatien) marker scenarios
considered in the Fourth Assessment Report woaldl te warming of more
than 2°C above pre-industrial levels by the enthef2f' century.

Results from the IPCC’s assessment of stabilisat@narios (which include
global greenhouse gas mitigation efforts) can lersarised as follows:
Limiting long-term warming to 2.0 to 2.4°C aboveepndustrial conditions
would require limiting the build-up of carbon dide-equivalent
concentrations to about 450 (445 to 490) ppm. ithiarn would require
global carbon dioxide emissions to peak by abod62dhd to be reduced by
between 50 and 85% relative to 2000 emissions B@ 2Recognising
different development stages of countries arourdatbrld, the IPCC
Working Group Il (Mitigation) assessment indicatkeat achieving such
global emissions reductions would require Anrfesauntries to reduce their
collective emissions by 25 to 40% relative to 189ahe year 2020. These
emissions reduction ranges form the basis for atimegotiations under the
UNFCCC for a new international climate change age# post-2012.

% The IPCC organised the SRES scenarios into sixnaoe groups” and for each group chose one
representative “marker” or “illustrative” scenario

3 Table SPM 1, Summary for Policymakers, IPCC FoAdhessment Synthesis Report, IPCC 2007.

* The terminology 1.8[1.1 to 2.9]°C indicates 1.8%Qhe best estimate of temperature change fovemgi
emissions scenario, and 1.1°C to 2.9°C is theel§ikuncertainty range , i.e. there is a 67% praligb
that future warming will lie within this range.

° Figure SPM 7, Summary for Policymakers, IPCC Fodkessment Synthesis Report, IPCC 2007.

® Annex | countries are those listed in Annex | @& thNFCCC. They comprise western industrialised
countries and countries of the former Soviet Urtlmat are now transitioning to market economies
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T.0.R. 6 - Relative Merits of a Mitigation or Adapbn ApproachWe submit that
choosing to take either only adaptation measures, take only mitigation
measures, is not a viable policy for New ZealanothBadaptation and
mitigation are necessary globally and nationallye TPCC concludes: “There
is high confidencé¢hat neither adaptation nor mitigation alone cavichall
climate change impacts; however, they can compléeseeh other and
together can significantly reduce the risks of eliexchange.”

NIWA'’s regional climate projections for New Zeathhased on the SRES
(i.e. no additional climate intervention) scenadage include significant
changes in temperature extremes, in the distribudfaainfall across the
country, in rainfall extremes, and in drought riskough the 2% century.
Thus adaptation will certainly be required in Neealand if there is no
substantial progress in mitigation of global gremrde gas emissions from
human activities.

However, the IPCC chapter on Australia and New aedlindicates
significant vulnerability in some sectors evenldlzal average temperatures
rise by only 2°C above pre-industrial levels, mararly water security,
coastal communities and natural ecosystems. Oatlte hand, national
pastoral agricultural production may be able topadka such moderate
changes. Higher and more rapid warming would iregeaulnerability of all
sectors and require greater adaptation efforts.

Since a 2.0°C target is currently being considemegtnationally as the most
ambitious mitigation scenario, it is clear thatatadéion should be planned in
New Zealand even if the world is able to make saisl progress on
mitigation. Both globally and locally the range andgnitude of projected
impacts increase substantially as projected glraperature increases move
through the 2.5°C to 5°C range, providing a strargument for a major effort
on mitigation so that this range of temperatureaases does not occur.

Given the projected impacts of climate change ow Kealand, and also the
likely international pressures on our trade if otb@untries agree to global
mitigation policies but New Zealand does not, wiersit that New Zealand
should both contribute to international mitigatefforts and plan for
adaptation.

T.0.R. 7 — Case for Increasing Resources DevotéiZt8pecific Climate Change
Research:As noted in the National Party pre-election clienehange policy
statement, “good science is essential to qualitystten making”. Our
members are undertaking critical research on bdtilgation-relevant and

" Section 5: The Long-term Perspective. Summary @iciPmakers, IPCC Fourth Assessment Synthesis
Report, IPCC 2007.
8 «australia and New Zealand”. Chapter 11, Workingp@p Il Report, IPCC Fourth Assessment 2007.
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adaptation-relevant topics, largely funded throtighFoundation for
Research, Science and Technology, the Pastorahf@ase Gas Research
Consortium (an industry/government partnershipdl, we Ministry of
Agriculture and Forestry (MAF). Submissions froomee of our members
identify areas where they consider more reseangtsiment to be desirable.

Between them our members contain a wide ranga@ifvledge and expertise
in climate change. They would be pleased to wogktioer on any specific
national assessments of scientific and technisakis related to climate
change that are needed. Our members would alskeésed to work
collaboratively with and support government agenaieidentifying strategic
research opportunities and gaps. This would peoeatly identification of
significant new issues and developments from ansiieeperspective, and
identify the resources (including scientific capgcand the international
linkages that would be required to address them.

We consider that at a minimum, maintaining attlétaes current level of
Research, Science & Technology (RS & T) is critioaNew Zealand, for
clearly no other country will do work for us thatd at the core of our national
interests. New Zealand'’s credibility in internatdfora and our ability to
identify and develop the most cost-effective regesrto climate change
depends on a credible and internationally recogniesearch, science and
technology effort

T.0.R. 9 - Need for any additional regulatory inentions:We have not provided
detailed submissions on this item, as our memberaat experts in the field
of government laws and regulations. Neverthelesdewhe focus of this
review is on the emissions trading scheme andh@rahechanisms to address
reductions in emissions, we have pointed out uiderR. 6 that New
Zealand should address adaptation as well as tntigd-urther consideration
may be needed of government mechanisms to faeiktdaptation.

T.0.R. 10 - TimingWe submit that New Zealand should encourage iatenmal
agreement to get significant emissions reductioneovay as quickly as
possible, and should match the timing and scaits @iwn measures to fit
with this. The IPCC conclud®that “delayed emission reductions
significantly constrain the opportunities to acl@dower stabilisation levels
and increase the risk of more severe climate changacts”.

3. SPECIFIC COMMENTS

We wish to comment in detail on terms of referefh@nd 6, and more briefly on 7, 9 and
10.

% Section 5: The Long-term Perspective. Summary @diciPmakers, IPCC Fourth Assessment Synthesis
Report, IPCC 2007.
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TOR 4. Identify the central/lbenchmark projections which are being used as
the motivation for international agreements to combat climate change; and
consider the uncertainties and risks surrounding these projections.

Most of the projections which motivate the discassaind negotiations on

international agreements are those collated aresssd in the Fourth Assessment

Report (AR4) of the Intergovernmental Panel on @enChange (IPCC). This
assessment draws on published peer-reviewed ititanabpapers about underlying
physical processes, models and their results acertainties, as well as an archive
of climate model runs by many different researaugs undertaken specifically for
assessment in the AR4.

The IPCC process includes an assessment of thentlavailable material by

expert lead authors, together with two extensivaeasyof review involving experts

and then governments from all over the world. Treegss has been outlined to the
committee in more detail in the presentation frodCC member, the New
Zealand Climate Change Research Institute of Mtdniversity. The IPCC’s
strong and balanced process is why we recommef@iith Assessment Report as
the authoritative source for information on climptejections for various
greenhouse gas emissions scenarios, and theirtaintiess and risks.

Emissions Scenarios on which IPCC Projections aasd8l

The IPCC provides two classes of projections: Thsed on “SRES scenarits
which explore a range of development paths whichatanclude additional
climate policies above current ones, and thosedaiséstabilisation scenarios”
which assume international mitigation efforts teetwally stabilise greenhouse gas
concentrations in the atmosphere. More detailpareided in Table 1

Table 1: Properties and Uses of SRES and Stabilisation Scenarios

SRES Scenarios

Stabilisation Scenarios

Contain:

Different scenarios of greenhouse gagnternational mitigation efforts which

emissions for the period 1990 -2100
driven by different projected trends i
economic growth, global population,
and technology. They all assume tha
no additional climate change

mitigation policies are implemented

eventually stabilise greenhouse gas

itmay extend beyond 2100.

nconcentrations in the atmosphere. The
cover the period from about 2000 and

Useful
for:

Exploring what impacts we could fag
if there is no further mitigation action
and exploring the business-as-usual
emissions relative to which emission
reductions would need to occur.

eldentifying the levels and timing of

stemperature change, or atmospheric
greenhouse gas concentration

, greenhouse gas emission reductions
needed to meet various targets for glo

bal

10 «

Emissions Scenarios.

SRES scenarios” describes a set of emissions soemaitlined in the 2000 IPCC Special Report on
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SRES Scenarios — Without “Additional Climate Pel&di

The IPCC organised the SRES emission scenariogantd'scenario groups” and
provided six representative “marker” scenariosdeet the range. Global average
surface warming projections for the end of th& @dntury for these marker
scenariol' range from? 1.8 [1.1 to 2.9]°C for the lowest emission scem#wi4.0
[2.4 to 6.4]°C for the highest. These are relatovéhe period 1980-99. To convert
them to changes relative to the period 1850-18R8ther 0.5°C should be added.
(The period 1850-99 can be seen as indicativengpésatures prior to significant
increases caused by industrial greenhouse gasiensss

MuLti-MopeL Averaces AND Assessep RANGES FOR Surrace WARMING

L 1 L l 1 L 1 Il
= A2 @IPCC 2007: WG1-AR4 |
6.0 | _____ AlB —
] =— B B
5.0 —] = Year2000 Constant .
s S Concentrations -
9 -1 = 20th century B
o 40 — — ||
8= 7 B
E 304 E T
2 2 T =
8 : : : - -
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2 1 B
w - —
© 1.0 =
3 i N
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1900 2000 2100
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Figure SPM.5. Solid lines are multi-model global averages of surface warming (relative to 1980-1999) for the scenarios A2, A1B and B1,
shown as continuations of the 20th century simulations. Shading denotes the +1 standard deviation range of individual model annual
averages. The orange line is for the experiment where concentrations were held constant at year 2000 values. The grey bars at right
indicate the best estimate (solid line within each bar) and the likely range assessed for the six SRES marker scenarios. The assessment of
the best estimate and likely ranges in the grey bars includes the AOGCMs in the left part of the figure, as well as results from a hierarchy
of independent madels and observational constraints. {Figures 10.4 and 10.29}

Figure 1. Projections from the SRES Marker Scenarios, from the IPCC Working Group |
Summary for Policymakers13

1 Table SPM 1, Summary for Policymakers, IPCC Fogbhessment Synthesis Report, IPCC 2007.

12 The terminology 1.8[1.1 to 2.9]°C indicates 1.8%Che best estimate of temperature change fovemgi
emissions scenario, and 1.1°C to 2.9°C is theel§ikuncertainty range , i.e. there is a 67% praligb

that future warming will lie within this range.

13 Figure SPM 5, Table SPM 3, from Summary for Patiekers, IPCC Fourth Assessment Working
Group | Report, IPCC 2007.
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These SRES marker scenario projections are illigstia Figure 1, which also
indicates two measures of model “range” or “unaetyd. The shaded area around
each line indicates the “standard deviation” frosedes of runs with models from
different modelling groups for that scenario — ax&7% of the model runs would
lie within this band. The grey bars on the rigind the “likely” range in Table 2)
represent the assessment by the experts who asskeissaaterial for the IPCC of
the range of warming “likely” for each scenario,ewb “likely” indicates

probability of at least 67% that the true valus B®@mewhere within this range, with
the coloured lines indicating best estimates. Tieg Hands show larger
uncertainties than the shaded area around eachdoaise they include expert
judgement on possible additional structural ungetitss in models (for example
due to possibly imperfect simulations of the effeictlouds) and potential climate
feedbacks on vegetation.

Table 2: Projections from the SRES Marker Scenarios, for the IPCC Working Group | Summary
for Policymakersl4.

Table SPM.3. Projected global average surface warming and sea level rise at the end of the 21st century. {10.5, 10.6, Table 10.7}

Temperature Change Sea Level Rise
{°C at 2090-2099 relative to 1980-1999ja {m at 2090-2099 relative to 1980-1999)
Best Likely Model-based range excluding future
estimate range rapid dynamical changes in ice flow

Constant Year 2000
concentrationst 0.6 0.3-09 NA
B1 scenario 1.8 11-29 0.18-0.38
A1T scenario 24 1.4-38 0.20- 0.45
B2 scenario 2.4 14-38 0.20-0.43
A1B scenario 2.8 1.7-44 0.21-0.48
A2 scenario 34 2.0-54 0.23 - 0.51
A1F| scenario 4.0 2.4-6.4 0.26 - 0.59

Table notes:

2 These estimates are assessed from a hierarchy of models that encompass a simple climate model, several Earth System Models of Intermediate
Complexity and a large number of Atmosphere-Ocean General Circulation Models (AOGCMs).

b Year 2000 constant composition is derived from AOGCMs only.

In addition to the SRES projections, Figure 1 aabl& 2 also show a projection of
how global average temperature would be expectetidnge if greenhouse gas and
aerosol concentrations in the atmosphere werentaireconstant at year 2000
values. This is an entirely hypothetical scenasibich would have required large
global carbon dioxide emission reductions startmg001, far beyond even the
most stringent mitigation scenarios currently cdased to be practical.

The global sea level rise projections in the taldanot include a possible change in
the rate at which ice flows from the Greenland Anthrctic ice sheets due to new

14 Table SPM 3, from Summary for Policymakers, IPR@irth Assessment Working Group | Report,
IPCC 2007.
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phenomena observed in recent years at the ice staggins. Nor do they include
the full uncertainties in climate-carbon cycle fieadks, because scientific
understanding of these processes was too limitdtedtme of the completion of
the assessment.

Since the Fourth Assessment, various estimateseoesel rise which include
accelerated but plausible conditions of polar asslhave been published in the
scientific literature. These estimates range ak aigglobal sea level rise of 2
by the end of this century, but without any obvicosvergencé®

In the longer term, models suggest that if glolvalrage temperature increases in
excess of somewhere between 1.9°C and 4.6°C wstaised for a long period,
that could lead to virtually complete eliminatiohtibe Greenland Ice Sheet and a
resulting contribution to sea level rise of aboum Tover a period of many hundreds
of years to millennia). The last time the worldsneafew degrees warmer than
today for an extended period (about 125,000 yezo¥ @aleoclimatic information
suggests that sea levels were about 4 to 6 m highartoday, mainly due to the
reduction of polar ice.

IPCC Working Group Il produced a figure (based logirtliterature assessment)
summarising some of the impacts expected to beciadsd with various amounts
of projected global warmirt§in the 2£ century. This is included in the Appendix
to the present submission (Figure Al). It indicatiggificant negative impacts in
many sectors, especially once global average teahperincreases by more than
about 1.5°C over 1980-99 values. (Note that thbseteefers to globaimpacts. We
provide further information on projected New Zealampacts under T.O.R. 6).

The information provided in this section indicatdsy there is international
pressure to reduce greenhouse gas emissionsldbisvhy a target of 2°C above
pre-industrial temperatures (1.5°C above 1980-8fperatures) is frequently
discussed in the context of UNFCCC negotiationse IPCC best projections for
all of the SRES (no additional climate intervenjisnenarios would lead to
warming above this target by the end of th& @ntury. Note though that the IPCC
itself does not advocate any specific mitigatioigea since this would be seen as
policy-prescriptive and therefore outside its maada

15 prefferet.al (2008): Kinematic constraints on glacier conttibos to 21 century sea level rise. Science
21, 1340-1343.

16 Alley, R.B.; Fahnestock, M.; Joughin, I. (2008)nd¢rstanding Glacier Flow in Changing Times.
Science 322: 1061-1062.

1 Figure SPM 7, Summary for Policymakers, IPCC Fodkessment Synthesis Report, IPCC 2007.
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Mitigation Scenarios with Policy-Driven GreenhouSas Emission Reductions

The previous paragraphs outline the reasons facypoégotiations on reducing
greenhouse gas emissions. The findings outlinedegtzmd the need for science to
guide policy, have led to modelling work on futemissions pathways which
would lead to stabilisation of greenhouse gas amnagons in the atmosphere at
various levels, corresponding to various amountsvehtual global average
temperature increase. Such “stabilisation scerfasiod some of the uncertainties
associated with them are considered in Sectionditide IPCC Working Group |
Fourth Assessment Report. Work on emissions ti@jest for stabilisation, and on
temperature and sea level projections associatidutingse trajectories, is
summarised and assessed in the IPCC Working Gtbrgpbrt, and carried
through into the IPCC Fourth Assessment SynthespoR.

Table 3, which is extracted from the Summary faidmakers of the Synthesis
Report, provides a summary of pertinent information

Table 3: Information on Stabilisation Scenarios, from the IPCC Fourth Assessment Synthesis
Report*®

Table SPIM.6. Characteristics of post-TAR stabilisation scenarios and resulting long-term equilibrium global average temperature and
the sea level rise component from thermal expansion only= {Table 5.1}

379 ppm)®
ion including
375 ppm)®t

=
=l
s
@2
e

o
N
®

Global average sea level
rise above pre-industrial

Change in global CO,
at equilibrium from

emissions in 2050
(percent of 2000
emissions)®©

Number of assessed

thermal expansion
scenarios

Peaking year for CO,
only!

GHGs and aerosols

(2005

=
1=
B
E
@
-
=)
(5]
o
(&)

(2005
CO,-equivalent
concentration at
stabili
emissions=#
sensifivity ®

poen

| 350 - 400 445 - 490 2000 - 2015 -85 to -50 20-24 04-14 6
1 400 — 440 490 — 535 2000 - 2020 -60 to -30 24-28 0.5-17 18
11 440 — 485 535 - 590 2010 - 2030 -30 1o 45 28-3.2 06-1.9 21
v 485 — 570 590 - 710 2020 - 2060 +10 to +60 3.2-4.0 0.6-24 118
vV 570 - 660 710 — 855 2050 - 2080 +25 to +85 4.0-49 08-29 9
Vi 660 — 790 855 — 1130 2060 — 2090 +90 to +140 4.9-6.1 1.0-3.7 5

Notes:

a) The emission reductions to meet a particular stabilisation level reported in the mitigation studies assessed here might be underesti-
mated due to missing carbon cycle feedbacks (see also Topic 2.3).

b) Atmospheric CO, concentrations were 379ppm in 2005. The best estimate of total CO,-eq concentration in 2005 for all long-lived
GHGs is about 455ppm, while the corresponding value including the net effect of all anthropogenic forcing agents is 375ppm CO,-eq.

c) Ranges correspond to the 15" to 85™ percentile of the post-TAR scenario distribution. CO, emissions are shown so multi-gas scenarios
can be compared with CO,-only scenarios (see Figure SPM.3).

d) The best estimate of climate sensitivity is 3°C.

e) Note that global average temperature at equilibrium is different from expected global average temperature at the time of stabilisation of
GHG concentrations due to the inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentra-
tions occurs between 2100 and 2150 (see also Footnote 21).

f} Equilibrium sea level rise is for the contribution from ocean thermal expansion only and does not reach equilibrium for at least many
centuries. These values have been estimated using relatively simple climate models (one low-resolution AOGCM and several EMICs
based on the best estimate of 3°C climate sensitivity) and do not include contributions from melting ice sheets, glaciers and ice caps.
Long-term thermal expansion is projected to result in 0.2 to 0.6m per degree Celsius of global average warming above pre-industrial.
(AOGCM refers to Atmosphere-Ocean General Circulation Model and EMICs to Earth System Models of Intermediate Complexity.)

18 Table SPM 6, Summary for Policymakers, IPCC Fotkessment Synthesis Report, IPCC 2007.
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Table 3 shows that to constrain long-term globarage temperature increases
(once the climate system has reached a new eguitibto within 2.0°C to 2.4°C
above pre-industrial conditions (1.5 to 1.9°C ab©980-99 values), the
stabilisation scenarios assessed in the IPCC’stiFrédwssessment have a reduction
in global carbon dioxide emissions in 2050 of betw&0% and 85% compared to
emissions in the year 2000. For a stabilisatiogetof 450 ppm carbon dioxide-
equivalent (corresponding to the lower end of t##4?C scenarios discussed
above) the IPCC Working Group Il (Mitigation) asseent indicates a target
reduction by 2028 of 25 to 40% in emissions by Annex 1 countries parad to
1990 emissions. The numbers outlined in this pagdgare the sources of the
emissions targets for international efforts to gate climate change, which are
being discussed in the negotiations about intasnatiagreements to follow the first
commitment period (2008-12) under the Kyoto Protoco

Even under this most stringent mitigation scenasa, level is expected to rise
inexorably by between 0.4 and 1.4 m due to theerpansion of the ocean alone
over many centuries. Additional contributions wootane from melting glaciers
and reduced snow cover mainly during th& @dntury. In addition, reductions of
polar ice sheets could add several metres oveugesto millennia. Partial melting
of ice sheets cannot be ruled out even for the $bwetigation scenario and would
lead to major impacts on the world’s coastlines ewaktal cities.

The Uncertainties and Risks Surrounding Climatejéttions

Climate models are based on solving a set of madtieah equations that describe
the physical behaviour of the atmosphere and odgagsthe equations governing
fluid motion and heat transfer). They are therefarelamentally different from
most approaches to economic modelling (where statigelationships between
various factors built up from past observationsused to predict the future). The
scientific community has put substantial efforbietvaluating climate models, as
documented in Chaptef®of the Working Group | report of the IPCC. Quoting
from the Executive Summary of that chapter:

Climate models are based on well-established phalpiinciples and have been
demonstrated to reproduce observed features ohtegtinate and past climate
changes. There is considerable confidence that gypimere-Ocean General
Circulation Models (AOGCMs) provide credible quaative estimates of future
climate change, particularly at continental anddar scales. Confidence in these
estimates is higher for some climate variables. (®igpperature) than for others
(e.g. precipitation).

19 Box 13.7, Chapter 13, Working Group Il Report, [PEourth Assessment, 2007.

20 Chapter 8: Climate Models and Their Evaluation. (Pburth Assessment Working Group | Report,
IPCC 2007.
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There are various other lines of evidence in addito global climate model studies
that indicate the degree of sensitivity of glolahperatures to changes in climatic
forcing factors such as changes in greenhouseayeetrations. These include:

- examination of the transient evolution of tempeamiigurface, upper air
and ocean) over the last 150 years,

- examination of the rapid response of the climagtesy to volcanic
eruptions(where particles sent into the upper apinexe by the eruption
scatter incoming solar radiation),

- changes to temperature and greenhouse gas coticergtia the past
(over paleoclimate timescales of hundreds to hudsdoé thousands of
years), and

-+ studies carefully evaluating the physics of climateing by greenhouse
gases (outlined usefully in a recent book by Areher

These lines of evidence point to similar amount&afming from increasing
greenhouse gas concentrations to the predictions ¢timate models.

IPCC lead authors carefully assessed the uncertainges for the climate
projections at the end of the2dentury for the SRES scenarios. These are shown
by the grey bars on the right hand side of Figuréat any particular scenario it is
assessed there is at least a 67% likelihood tedtthe” projection lies within the
grey shaded area. These ranges take into accautisrééom different climate
models, estimates of uncertainties in the carbatecynd observational constraints
(such as those discussed above) to the sensiivglpbal temperatures to climate
forcing factors.

When developing policy, given the uncertainty rangetlined above, it is also
prudent to take into account the risks posed byrtéeia of the climate and
economic systems. The climate system has a coabidanertia, resulting largely
from the long time the ocean takes to heat upsparse to warming of the
atmosphere. Temperatures would therefore contmweatm for a century or more
after greenhouse gas concentrations have beetistdpand the sea level would
continue to rise for many centuries in a warmerlévas its temperature increases
and hence its volume expands and land-based i¢gaesa to melt. The inertia of
the energy system and the built environment, Wigirtiong-lived capital
infrastructure, also means that the global diffasdblow-carbon technologies and
substantial reductions in global emissions wilktakany decades even if
investments are made financially attractive orespnt no additional cost to
existing technologies.

Thus waiting for several decades for near-absaet&inty that the globe is on a
trajectory towards critical “dangerous” temperatienels, before beginning global
efforts to abate greenhouse gas emissions, wouddvieey high risk strategy.
Because of the inertia in the climate and econ@ystems, by the time such a stage

21 Archer, D. Global Warming — Understanding the FastcBlackwell Publishing, 2007.
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was reached we would be committed to substantiiiduwarming and associated
major impacts on natural and managed systems foy m@cades to centuries. The
prudent global risk management approach is to belgitement activities now,
given the high risk and very substantial global acts if we do not. Increasing
observational evidence of climate change and iaots further supports this
approach.

TOR 6. Examine the relative merits of a mitigation or adaptation approach
to climate change for New Zealand.

A Global Perspective on Mitigation and Adaptation

As can be seen from Table 2, a warming of arouBtiDis projected by the end of
the 2F' century compared to 1980-99, under a scenarioldifig greenhouse gas
concentrations in the atmosphere constant at Y@ Rvels. Such a scenario is
virtually impossible in practice, given the inertiithe global economic system and
hence in emission rates. The lowest set of “s&diibbn” scenarios considered in
our previous section have an eventual globally-sayed warming of 2.0 to 2.4°C
above pre-industrial levels (1.5°C to 1.9°C abo98Qt99). Figure Al (in the
appendix) indicates that substantial global impaaotsarious sectors are expected
at this level of temperature change. Therefore égllobal negotiations on
greenhouse gas emissions are fully successfuleaatitd substantial emission
reductions, it will still be necessary to adapv#mious inevitable changes, some of
which will have significant impacts in the most nefable sectors and regions
around the world.

Figure Al in the appendix indicates that substiintiacreasing impacts would be
expected to result if global warming levels becdngher than the “stabilisation”
levels discussed above. In addition to changeBrmatic factors such as
temperature and rainfall, increasing carbon dioxiolecentrations lead to
acidification of the oceans. Surface oceariqités decreased by 0.1 units and is
predicted to decrease by up to a further 0.3-0i tny 2100. This may impact a
wide range of organisms and ecosystems (e.g., czetd and deepwater coral
ecosystems). Organisms using aragonite (a forcalofum carbonate) to make
their shells will be at risk and this will threateaosystems in regions such as the
Southern and Arctic Oceans in which such organgiang a dominant role in the
food web and carbon cyclifiy

We also discussed in the previous section the asang risk of eventual near
complete melting of the Greenland ice-shelf withiHar long-term temperature

22 Decreases in pH correspond to increases in acidity.

23 Section 4.4.9, Chapter 4, Ecosystems, their ptigse goods and services. IPCC Fourth Assessment
Working Group 2 Report, IPCC 2007.
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rise. The Stern Repéticoncluded thafThe costs of stabilising the climate are
significant but manageable: delay would be dangsrand much more costliyhe
recent Garnaut ReviéWwestimates that by the end of the century, AusinaGNP
(Gross National Product) would be higher for mitiga at 550 ppm C&
equivalent than without undertaking such mitigatidhe findings outlined in this
paragraph provide an imperative for mitigating esiaiss.

Thus from a global perspective, batfitigation andadaptation are indicated — it is
not a case of either / or. The IPCC concld¥ed here ishigh confidencehat
neither adaptation nor mitigation alone can avdidienate change impacts:
however, they can complement each other and togeéimesignificantly reduce the
risks of climate change.”

A New Zealand Perspective on Mitigation and Adaptat

It might be tempting to conclude that, for New Zewl, the implications of climate

change are:
. We will need to adapt if there is no substantigdinational effort to mitigate,
or

. We should not mitigate ourselves and should ongpad

It is our submission, however, that from a New Zadlperspective (as well as
from a global perspective) both mitigation and adapn action are required.

The amount of temperature change, and the exteritasfges in other aspects of
climate, is projected to vary regionally and logattompared to “global average”
changes. NZCCC member NIWA has produced “downstaledate change
scenarios for New Zealand, corresponding to theadISRES marker scenarios
discussed in previous sections. These scenarieglpra basis for assessing the
climate changes and impacts expected in New Zeawaadthe coming century if
there are not substantial global efforts to migggteenhouse gas emissions. Many
of our member organisations have undertaken wodstionate the impacts on
various sectors and regions of New Zealand thaldvoe expected as a
consequence of these downscaled SRES-based cpinogeetions.

Our members are also active in research into Nealadid emissions mitigation,
including reducing methane emissions and nitroudeoftom ruminant animals,
managing soil carbon dynamics, energy efficiencyuitdings and industry,
potential for renewable energy generation (to displgrowth in electricity

%4 Nicolas Stern (2006). The Economics of Climate Qgan The Stern Review. Cambridge Univeristy
Press.

% Chapter 11: Costing Climate Change and its Avaidain: Ross Garnaut (2008) The Garnaut climate
change review. Cambridge University Press.

26 gection 5: The Long-term Perspective, in Summaryfdicymakers, IPCC Fourth Assessment
Synthesis Report, IPCC 2007.



New Zealand Climate Change Centre ETS Review Ssibmis Page 16

generation from fossil fuels), carbon capture a@odage, and transport and urban
form.

The latest NIWA SRES-based climate change projestior New Zealand,
obtained from downscaling global climate model rundertaken for the IPCC’s
Fourth Assessment Report, are outlined in a regaidance manué for local
government published by the Ministry for the Enwimzent. Projected New
Zealand-averaged temperature changes for a partiscenario are typically about
three quarters of the global-average projeéfidmecause in most models the ocean
at our latitude does not warm up as quickly agjtbbal average.

A summary of the SRES-based projections is as\isfio

Temperature

The best-estimate projections for New Zealand satpre increases compared

to 199G°, obtained by NIWA by averaging downscaled resiatim 12

different global climate models, are:

e For 2090: Increases ranging from 1.3°C for the ktvamission SRES
marker scenario, to 2.9°C for the highest-emisSBES marker scenario.

* For 2040: Increases ranging from 0.6°C for the ktvamission SRES
marker scenario, to 1.3°C for the highest-emisSBES marker scenario.

Due to the increase in temperatures averaged\ewrZealand during the 30
century’, a further 0.8°C should be added to the valugsdtbove to turn
them into temperature increases compared to 190@ &so that the rate of
temperature increase under these SRES scenapagasted to speed up over
time. The projected increases are larger thanottg-ferm trend experienced
over the 28 century.

Rainfall and wind
Projected rainfall and wind patterns show sedsaaréations, with westerlies
projected to increase in winter and spring, aloity wiore rainfall in the west
of both the North and the South Island and drieddmns in the east and north.
Conversely, the models suggest a decreased fregoémesterly conditions in
summer and autumn, with drier conditions in thetwéshe North Island and
possible rainfall increases in Gisborne and HawBa'g.

27 Ministry for the Environment (2008) Climate Chartgféects and Impacts Assessment: A Guidance
Manual for Local Government. Second Edition.Publi@anumber ME870. Wellington.

28 Chapter 2Ministry for the Environment (2008) Climate Charigffects and Impacts Analysis: A
Guidance Manual for Local Government. Second EdiRablication number ME870. Wellington

%9 These projections are summarised from the NIWA dmmating analyses used to produce Chapter 2,
Projections of Future NZ Climate Change, in: Minigor the Environment (2008) Climate Change Effect
and Impacts Analysis: A Guidance Manual for Locav&nment. Second Edition.Publication number
ME870. Wellington

30 n this section, “1990” refers to the climate ottee period 1980-99; 2040 to the period 2030-2648,
2090 to the period 2080-2099.
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Sea-level rise

Rates of sea-level rise averaged around the N& coay be slightly higher

(perhaps 5 cm more by the end of this cerffjithan the global projections we

have outlined under T.O.R.4. A review of the st#tknowledge in mid-2008

led to the following New Zealand guidance for pleagnand decision

timeframes out to the 2090s

* abase value sea-level rise of 0.5 m relative @dl®80-1999 average
should be used, along with

* an assessment of the potential consequences franga of possible higher
sea-level rises (particularly where impacts areljiko have high
consequence or where additional future adaptajiioms are limited). At
the very least, all assessments should considentieequences of a mean
sea-level rise of at least 0.8 m relative to the0t4.999 average.

Other Climate Changes
Other projected changes include decreased fregtiéncy, increased frequency
of high temperatures, increased frequency of exdréaily rainfalls, decreased
snow cover, and a possible increase in strong winds

Projected Impacts of Climate Changes on New Zealand

The literature on expected impacts of climate ckamgNew Zealand, much of it
written by scientists from NZCCC member organigatias assessed and
summarised in the Australia and New Zealand chagtdre IPCC’s Fourth
Assessmefif. This chapter includes a statement tfifie potential impacts of
climate change are likely to be substantial withfouther adaptation.

For climatic changes typical of the SRES scenanme outlined above, the
projected impacts for New Zealand identified in BREC Australia and New
Zealand chapter include:

« stresses on and degradation of many natural eersyst

« increasing water security problems in some paresastern New Zealand

+ increasing risks to coastal development from seallése and storms

« increasing risks to infrastructure from floodingdasome changes in health

risk.

For agriculture, horticulture and forestry thereyrba some initial benefits due to
longer growing seasons, fewer frosts, and enhagieging conditions from higher
carbon dioxide concentrations, “provided adequattenis available”. But this
IPCC chapter states that by 2050 agriculture aresfoy production is likely to be
reduced over parts of eastern New Zealand duecteased drought and fire.

31 Ministry for the Environment (2008). Coastal Hazaehd Climate change. A Guidance Manual for
Local Government. Second Edition. Publication Numi&870. Wellington.
32 «pustralia and New Zealand”. Chapter 11, Workingp@p Il Report, IPCC Fourth Assessment 2007.
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The EcoClimate Repdtt to which several of our members contributed, was
produced after the close-off for the Fourth AssesdniThis report suggests that
overall the impact of changes in climate on paspuogeluction (and through this on
New Zealand dairy and meat production) are likelpé small over the coming
century. However this result masks some spatial@bs— projected increased
productivity in some parts of New Zealand and dases in others, and may not
include the full effects of changes in extremesoAotal national production in the
“worst” years projected for later this century igected to be lower than current
“worst-year” production. For horticulture, changesreas suitable for particular
crops are expected due to regional changes inrfastch as winter chilling, frost
frequency, water availability, and growing degregsd A warmer climate would be
expected to increase the risk of tropical plantgaad diseases establishing in New
Zealand, including some which transmit diseases.
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Figure 11.4. Vuinerability to climate change aggregated for key sectors in the Australia and New Zealand region, allowing for current coping range and
adaptive capacity. Right-hand panel is a schematic diagram assessing relative coping range, adaptive capacity and vulnerability. Left-hand panel
shows global temperature change taken from the TAR Synthesis Report (Figure SPM-6). The coloured curves in the left panel represent temperature
changes associated with stabilisation of CO, concentrations at 450 ppm (WRE450), 550 ppm (WRE550), 650 ppm (WREB50), 750 ppm (WRE750) and
1,000 ppm (WRET1000). Year of stabilisation is shown as black dots. It is assumed that emissions of non-CO, greenhouse gases follow the SRES A1B
scenario until 2100 and are constant thereafter. The shaded area indicates the range of climate sensitivity across the five stabilisation cases.

The narrow bars show uncertainty at the year 2300. Crosses indicate warming by 2100 for the SRES B1, A1B and A2 scenarios.

Figure 2: Vulnerability to climate change aggregated for key sectors in the Australia and New
Zealand regi0n34, as a function of global temperature increase above pre-industrial levels.

Figure 2, from the IPCC Fourth Assessment Repontkiig Group Il report,
summarises the authors’ assessment of the vultigraifivarious sectors in

33 EcoClimate Consortium (2008): Costs and BenefiGlimate Change and Adaptation to Climate
Change in New Zealand Agriculture: What Do We Kreswfar? Report for the Ministry of Agriculture
and Forestry. Available at: http://www.maf.govtelzhatechange/sim/ag-production/2008the-ecoclimate-
report.pdf .

34 Figure 11.4, Chapter 11: Australia and New Zeal&vdrking Group Il Report, IPCC Fourth
Assessment. 2007.
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Australia and New Zealand to various degrees diajltemperature change
compared to pre-industrial temperatures.

The findings outlined in this section indicate thatler a “non-mitigation” global
future, adaptation to climate change in New Zealaitidoe necessary in order to
deal with the increasing risks projected for haganach as floods, droughts, and
fire, the potential impacts of changes in storrasdklips, sea level rise and storm
surges, and the potential impacts on both managgd@amanaged ecosystems,
including fisheries. From past experience we knloat New Zealand is vulnerable
to such hazards. For example, the estimated redfutiNew Zealand’s GDP from
the 1997/98 drought was NZ$618 millfSnand from the 1998/99 drought was
NZ$539 millior?®. A Treasury repotf concluded that “a detrimental climate shock
(drought in eastern New Zealand) was “a principlson for the 1998 recession”.

Climate change is likely to lead to changing patsesf land-use. These will have
implications for infrastructure, labour requiremefdemand and supply), and
regional council policies on protecting soil, waéed biodiversity resources.
Adaptation will also be desirable in order to takivantage of new horticultural
opportunities, and increases in the length of tloeving season.

An additional issue for New Zealand under a nongaiton future is that the
projected changes in sea-level rise (and alsorbjeqied likelihood of more

intense tropical cyclones) are expected to leaibstantial stresses on the low-
lying small island states to our north — under seg®narios rendering some islands
eventually uninhabitable.

Given the projected impacts of unmitigated climgttange on New Zealand, and
the likely international pressures on our tradatlifer countries agree to global
mitigation policies but we do not, we recommend NEaland implements a
mitigation approach consistent with internationaligy developments.

We now consider the implications for New Zealanmiérnational negotiations do
lead to substantial global mitigation through ab®et of emissions. As described
in our “global perspective” discussion, even unitiermost stringent international
mitigation policies, global temperature rises @ trder of 2°C appear likely.
Figure 2 indicates that adaptation would be neesded under such a stringent
mitigation scenario to manage risks to the mostenable sectors and regions
within New Zealand, particularly water supply, dahsommunities and natural
ecosystems, but also for agriculture and forestry.

3 Ministry of Agriculture and Forestry (2000). Sitigat and Outlook for New Zealand Agriculture and
Forestry.

38 Wratt et al, 2006: New Zealand Climate Change —aVaid Adaptation. In: “Confronting Climate
Change- Critical Issues for New Zealand. Victoriaiugrsity Press, Wellington.

37 Bucckle et al, 2002: A structural VAR model of tRew Zea;land Business Cycle. Working Paper
02/06, New Zealand Treasury, Wellington.
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We conclude that from both international and thigonal perspectives, mitigation
and adaptation policies and actions are esseAgaicultural and horticultural
enterprises can develop approaches to both miigatd adaptation, through
changing within-farm practices and soil manageneparticular. Options include:

Mitigation:
« sequestering carbon in soll
+ reduction of methane and nitrous oxide emissions
- afforestation of marginal agricultural land

Adaptation:
« higher soil organic matter leading to greater wht#ding capacity and
hence less need for irrigation
« more nitrogen mineralization leading to less fesxtit application and less
resulting degradation in water quality
« improved water harvesting and management

We also note that studies in larger economies siglyat flow-on effects from
impacts occurring outside their own boundariespatentially as large as or larger
than the direct effects occurring inside their badanes. For New Zealand these
flow-on effects include both the impacts of potahinternational policies on fuel
process and trade, and the impacts of climate @satigmselves on production in
other countries and on regional stability resuléng. from loss of sustainability in
Pacific Island countries. (Some small Pacific Idlaations are very vulnerable to
potential combined effects of sea level rise andstsurge from more intense
tropical cyclone&®, and to impacts on coral reefs and associated/siErss from
increasing ocean temperatures and ocean acidiijathdaptation to flow-on
effects arising from outside of New Zealand willriecessary.

TOR 7: Consider the case for increasing resources devoted to New
Zealand-specific climate change research.

Under T.0.R, 6 we have argued the need for botigatibn and adaptation
approaches to climate change for New Zealand. Asdna the National Party pre-
election climate change policy statement, “gooérsee is essential to quality
decision making”. Our members are undertakingaaitiesearch on both
adaptation-relevant and mitigation-relevant topliasgely funded through the
Foundation for Research, Science and Technolog$ {lfRhe Pastoral Greenhouse
Gas Research Consortium (PGGRC)(an industry/govemhpartnership), and

MAF. The individual submissions from some of ournieers (GNS Science,
Landcare Research, Scion, Victoria University) jmewvtheir views on specific

areas where they consider more research investméetdesirable.

38 Dupont, A.; Pearman, G. (2006). Heating up the gta@limate Change and security. Lowy Institute
Paper No 12 (http://www.lowyinstitute.org/Publicatiasp?pid=391).
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The members of the New Zealand Climate Change €éetiveen them possess a
wide range of knowledge and expertise in climatenge. Our members would be
pleased to work together on any specific natiosaéasments on scientific and
technical issues related to climate change whielrequired. Such national
assessments have been undertaken in other couatngsvere carried out in New
Zealand in the early 1980s). They would requireesdimancial resources to cover
the time of expert participants.

Our members would also be pleased to work collalveds with and support
government agencies in identifying strategic redeapportunities and gaps. This
would provide early identification of significanew issues and developments from
a scientific perspective, and identify the resosr@ecluding scientific capacity)

and the international linkages that would be respuio address them. This could
help agencies such as FRST, Ministry of Reseambn8e and Technology
(MoRST) and MAF develop investment plans and sgiateesearch priorities.

We consider that at a minimum, maintaining at |¢astcurrent level of Research,
Science & Technology (RS & T) is critical to Newaland, for clearly no other
country will do work for us that lies at the coreonir national interests. New
Zealand’s credibility in international fora and ability to identify and develop the
most cost-effective responses to climate changerdigpon a credible and
internationally recognised research, science actthtdogy effort

TOR 9: Consider the need for any additional regulatory interventions to
combat climate change if a price mechanism (an ETS or atax) is
introduced.

Our members are not experts in the field of govemnaws and regulations, so we
have not provided detailed submissions on this.itdavertheless, while the focus
of this review is on the emissions trading schen#@& other mechanisms to
address reductions in climate change emissionsawe pointed out under T.O.R.
6 that New Zealand should address adaptation dsgvetitigation. Further
consideration may be needed of government mecharisifacilitate adaptation.

TOR 10: Consider the timing of introduction of any New Zealand measures,
with particular reference to the outcome of the December 2009
Copenhagen meeting, the position of the United States, and the timetable
for decisions and their implementation by the Australian government.

It is explained in the IPCC Synthesis Report tlatyemitigation actions would
avoid further locking in carbon intensive infrastiure and reduce climate change
and associated adaptation needs. One of the Higidigconclusions isMany
impacts can be reduced, delayed or avoided by atitig. Mitigation efforts and
investments over the next two to three decadedhawkt a large impact on
opportunities to achieve lower stabilisation levédelayed emission reductions
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significantly constrain the opportunities to acledewer stabilisation levels and
increase the risk of more severe climate changaatsp.”

We are not experts on progress with negotiationagraements to follow the first
Kyoto commitment period, and the positions and tabkes of the United States
and Australian Governments. Nevertheless, we dstserg scientific and
technical reasons for progressing quickly with gation. Our members do and will
help by providing supporting science to New Zealameégotiators. We submit that
New Zealand should encourage international agreetoeget significant emissions
reductions underway as quickly as possible, andldhoatch the timing and scale
of its own measures to fit with this.

39 Section 5: The Long-term Perspective, in Summaryfdicymakers, IPCC Fourth Assessment
Synthesis Report, IPCC 2007.
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APPENDI X

Examples of impacts associated with global average temperature change
(Impacts will vary by extent of adaptation, rate of temperature change and socio-economic pathway)

Global average annual temperature change relative to 1980-1998 (°C)
0 1 2 3 4 5°C

Increased water availability in moist tropics and high latitudes mm s - - - - - - - - - -
WATER Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes mm e -1

Hundreds of millions of people exposed to increased water SIress mm mm e = —— - - -——— -]

e Up to 30% of species at Significant! extinctions e
increasing risk of extinction around the globe

Increased coral bleaching === Most corals bleached mmmm= \Widespread coral mortality s s e e - - - i

Terrestrial biosphere tends toward a net carbon source as:
ECOSYSTEMS ~15% ~40% of ecosystems affected I

Increasing species range shifts and wildfire risk

Ecosystem changes due to weakening of the meridional .
overturning circulation

Complex, localised negative impacts on small holders, subsistence farmers and fishers mm m o= — - ——(

Tendencies for cereal productivity Productivity of all cereals »
al = L] -
FOOD to decrease in low latitudes decreases in low latitudes

Tendencies for some cereal productivity, Cereal productivity to
to increase at mid- to high latitudes decrease in some regions

Increased damage from floods and storms me s me - - - - - - - - - .- .- - - -

AFCI‘)L“I 30% ofI
global coasta ———————+
COASTS wetlands lost

Millions more people could experience

coastal flooding each year e

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases = mm |

Increased morbidity and mortality from heat waves, floods and droughts ™= == == == == == == - - -]
HEALTH

Changed distribution of some disease vectors mm mm mm mm = = - - o= = - =

Substantial burden on health services == == ]

0 1 2 3 4 5°C

1 Significant is defined here as more than 40%. % Based on average rate of sea level rise of 4.2mm/year from 2000 to 2080.

Warming by 2090-2099 relative to 1980-1999 for non-mitigation scenarios

6.4°C
A1FI > & 5aCs
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B2 :
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Figure SPM.7. Examples of impacts associated with projected global average surface warming. Upper panel: lllustrative examples of global
impacts projected for climate changes (and sea level and atmospheric CO, where relevant) associated with different amounts of increase in
global average surface temperature in the 21% century. The black lines link impacts; broken-line arrows indicate impacts continuing with increas-
ing temperature. Entries are placed so that the left-hand side of text indicates the approximate level of warming that is associated with the onset
of a given impact. Quantitative entries for water scarcity and flooding represent the additional impacts of climate change relative to the condlitions
projected across the range of SRES scenarios A1Fl, A2, B1 and B2. Adaptation to climate change is not included in these estimations. Confi-
dence levels for all statements are high. Lower panel: Dots and bars inclicate the best estimate and likely ranges of warming assessed for the
six SRES marker scenarios for 2090-2099 relative to 1980-1999. (Figure 3.6}

Figure Al: Impacts Associated With Various Levels of Global Average Temperature Change*®

% Figure SPM 7, Summary for Policymakers, SynthBsiport, IPCC Fourth Assessment (2007).



