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CLIMATE CHANGE
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WG-I
Emissions from human
activities

increase substantially GHG
concentrations

This results in additional
warming

0.3°C per decade
SLR 6 cm per decade
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CLIMATE CHANGE

WORLD METEOROLOGICAL ORGANIZATION /UNITED NATIONS ENVIRONMENT PROGRANME

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

WG-I1

Assessed impacts on main
sectors

Uncertainties with regard to
timing, magnitude and
regional patters

Impacts felt most severely in
regions under stress

WG-III

Sectoral subgroups on
adaptive and mitigative
response options

Flexible approach of shorter
term and more intensive
action over the longer term

Draft Convention text

Special committee on

participation of developlrﬂ C c
countries
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CLIMATE CHANGE
The Science of Climate

@ Contribution of Working Group |
to the Second Assessment Report
Intergovernmental Panel on Clim

WG-I

GHG concentrations
continued to increase
Aerosols produce negative
radiative forcing

Climate has changed over the
past century

Balance of evidence suggests a
discernible human influence
on global climate

Climate change expected to
continue

aac:
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M EREE(1995)

CLIMATE CHANGE 1995

Impacts, Adaptations and Mitigation
of Climate Change:

: Scientific-Technical Analyses
(=)
% Contribution of Working Group II
to the Second Assessment Report of the

Intergovernmental Panel on Climate Change

_ b

WG-II

Climate change adds new stress
Most systems are sensitive
Impacts difficult to quantify
Successful adaptation depends on
technology, institutions, finance
and information

Vulnerability increases as adaptive
capacity decreases

Detection difficult, unexpected
changes possible

WG-III

Portfolio of mitigation, adaptation,
knowledge improvement

Earlier mitigation increases
flexibility in moving towards
stabilization

Significant "no-regrets"
opportunities
Risk of damage and precautionary

principle provide rationales for
action beyond no-regrets &

; IDCC
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Climate Change 2001

CLIMATE CHANGE 2001 CLIMATE CHANGE 2001

brpacts, Adastation, and Wiinerabdisy

WG-I we-n o WG i1
Recent regional climate changes affected Portfolio of mitigation, technology development

Confidence in ability of madels many physical and biological systems and reduction of scientific uncertainty increases
o project future climate has Preliminary indications that human systems  geyinility in moving towards stabilization
increased have been affected

Alternative development paths result in different
greenhouse gas emissions

Climate change mitigation affected by and have
impacts on development, sustainability and

Natural systems are vulnerable and some
will be irreversibly damaged

Many human systems are sensitive to
climate change and some are vulnerable

There is new and stronger
evidence that most of the
warming over the last 50 years

is attributable to human Proiected ch in cli I equity
activities hro;ecte_ changes in climate extremes cou Significant tech. progress, faster than
Emissions of GHGs and ave major consequences anticipated

Risks for large scale and possibly
irreversible impacts need to be quantified
Adaptation necessary to complement

aerosols continue to alter the
atmosphere
Temperature and sea level

Forests, agricultural lands offer significant, not
necessarily permanent mitigation potential
550ppmyv, 450ppmv or below over the next 100

expected to rise _rp;]tlgatlo_nh | possible with known technological options
Atmospheric climate change vul(:]f;;g:fe east resources are most Limitations possible at no or negative social

will persist for many centuries ' _ costs -
N Adaptation, sustainable development Integration with non-climate policy obj
¢ i and equity mutually reinforcing 7

N S
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Special Report on Renewable Energy Sources and Climate
Change Mitigation (2011, SRREN) <http://srren.ipcc-wg3.de/>
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Special Report on

Renewable Energy Sources
and Climate Change Mitigation
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Summary for Policy Makers
Technical Summary

Chapter 1
Chapter 2
Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8
Chapter 9
Chapter 10
Chapter 11

Annex I
Annex II
Annex III
Annex IV
Annex V
Annex VI

Renewable Energy and Climate Change

Bioenergy

Direct Solar Energy

Geothermal Energy

Hydropower

Ocean Energy

Wind Energy

Integration of Renewable Energy into Present and Future Energy Systems
Renewable Energy in the Context of Sustainable Development
Mitigation Potential and Costs

Policy. Financing and Implementation

Glossary. Acronyms., Chemical Symbols and Prefixes
Methodology

Recent Renewable Energy Cost and Performance Parameters
Contributors to the IPCC Special Report

Reviewers of the IPCC Special Report
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CHANGES IN TEMPERATURE, SEA LEVEL AND NORTHERN HEMISPHERE Snow COVER
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Global and Continental Temperature Change
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> 4 = 11.5 FIGURE SPM-4. Companson of observed continental- and global-scale changes in surface temperature
A T- .= T ) l’ I:I-I-g 0) ﬁ with results ssmulated l;? climate models using natural and anthropogenic forcings. Decadal avelrl;ges of
%) observations are shown for the period 1906-2005 (black line) plotted against the centre of the decade and
relative to the corresponding average for 1901-1950. Lines are dashed where spatial coverage 1s less than
XY 50%. Blue shaded bands show the 5-95% range for 19 simulations from 5 climate models using only the
(P55 ‘h ﬁ -\ natural forcings due to solar activity and volcanoes. Red shaded bands show the 5-95% range for 58

‘51: " y 14 simulations from 14 climate models using both natural and anthropogenic forcings. {FAQ 9.2, Figure 1}
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MuLti-MobpeL AVvERAGES AND AssSEsSED RANGES FOR SuRFACE WARMING
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Figure SPM.5. Solid lines are multi-model global averagas of surface warming (relative to 1980-1989) for the scenarios A2, A1E and B1,
shown as continuations of the 20th century simulations. Shading denotes the 1 standard deviation range of individual modal annual
averages. The orange line is for the experiment wheare concentrafions ware held consiant at year 2000 valuss. The grey bars at right
indicate the bast estimate (zolid line within each bar) and the likely range assessed for tha six SRES marker scanarios. The assassmant of
the bast esfimate and likely anges in the gray bars includes the AOGCMs in the left part of the figure, as well as results from a hiararchy
of indapandant models and obsarvafional constraints. [Figures 10.4 and 10.29]
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Table SPM.3. Projectad global average surface warming and sea level nise af the end of the 21st century. {10.5, 10.6, Table 10.7}

Temperature Change Sea Level Rise
(°C at 2090-2099 relative to 1980-1999) {m at 2090-2099 relative to 1980-1999)
Bast Likaly Modal-based range excluding future
estimate range rapid dynamical changes in ice flow
Constant Year 2000
concentrationst 0.6 03-09 MNA
B1 scanario 1.8 1.1-29 0.18-0.38
A1T scenario 2.4 1.4-38 0.20-0.45
B2 scanario 2.4 1.4-38 0.20-043
A1B scanario 2.8 1.7-44 0.21-0.48
A2 scenario 3.4 20-54 0.23-0.5
A1F] scenario 4.0 24-64 0.26 - 0.59
Table nofes:

® These estimates are assessed from a hierarchy of models that encompass a simple climats model, several Earth System Models of Intermediate
Complexity and a lange number of Atmosphere-Ocean General Circulation Models (A0GCME].
b Yeaar 2000 constant composition is derved from ADGCMs only.
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PRoJeEcTIONS OF SURFACE TEMPERATURES
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Figure SPM.6. Projected surface femperature changes for the early and [afe 27151 canfury relative to the periog 18980-715903, The cenfral
and right panals show the ADGCM multi-model average projections for the B1 (top), ATE (middie) and AZ (bottom) SRES scenarios
averaged ovar the decades 2020 2020 fcentre) and 20002009 {rght). The left panals show corresponaing uncertaintiss as the relative
orobabilitias of esfimated giobal average warming from several diffarent AQGCM and Earth Systam Model of intermediate Complexity

b’*:ibi\i s sfudies for the same periods. Some studies present results only for a subsef of the SRES scenarios, or for various model versions.

qu } ﬁ"i‘f’ Tharafore the difference in the number of curves shown in the lefi-hand panels iz dus only fo differoncas in the availability of resulis.
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Projected Patterns of Precipitation Changes

multi-model

A,
. ettt
e

e 'n. s

DJF multi-model = JJA

'''''''''''

g ars
b YOO

FIGURE SPM-6. Relative changes in precipitation (in percent) for the period 2090-2099. relative to
1980-1999. Values are multi-model averages based on the SRES A1B scenario for December to February
(left) and June to August (right). White areas are where less than 66% of the models agree in the sign of

the change and stippled areas are where more than 90% of the models agree in the sign of the change.
{Figure 10.9}
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Key impacts as a function of increasing global average temperature change

(Impacts will vary by extent of adaptation, rate of temperature change, and socio-economic pathway)

Global mean annual temperature change relative to 1980-1999 (*C)

1 2 3 4 5°C

Figure SPM.2. llustrative axamples of global impacts projected for cimate changes (and sea level and atmospheric carbon dioxide where relavant)
associated with different amounts of increase in global average surface temperatune in the 21st century [T20.8]. The Black Fnes link impacts, dotted
arrows indicate impacts continuing with Increasing temperatune. Entries are placed so that the left-hand side of the text indicates the approximate
onsetofa given impact Quantitative entres for water stress and flooding represent the additional impacts of climate change relative to the conditions
profected across the range of Spacial Report on Emissions Scenarios (SRES) scerarios ATFI, A2, BT and B2 see Endbox 3). Adaptation to dimate
change s not indluded in these estimations. AV entries are from publizhed studies recorded in the chapters of the Assessment. Sources ane ghven in

Global mean annual temperature change relative to 1980-1999 (°C)

" significant 1s defined hare as more tham 40%.

Increased water avallability In molst troplcs and high [3titudes s e e e e . . - .- e . e - | 341, 343
WATER Cecreasing water avallability and increzsing drought Im mid-latitudes and semi-arid low (30005 e e e o] (355 341, 343
Hundreds of milliens of people exposad to INCreased Water SITESS mm mm e - ——— - - ?_g.;.sﬁa.zﬂﬁ.l
Up to 30% of spacles at significant’ extinctions | | 4ES, 4411
Increasing risk of extinction around the globe
Increased coral bleaching e post corals bleachod sewidesproad coral MOrtality e e e e e e .- - ?ﬂ{ ?ﬁf& 555‘1-
Cos Terrestrial blosphere tends toward a net carbon source as: 4ES, T84, FA2
ECOSYSTEMS ~15% ~a0eh of ecosystems affected M={ |fas
422 441,444,
Increasing species range shifts and wildfire nsk 4.4.‘52: 4454410,
B4S
Ecosystem changes due to weakening of the meridional . | 1935
overturning clrculation
Complex, locallsed negative Impacts on small holders, subsistence farmers and flShers =e e o o - - - - - | 5E5, 547
Tendencles for cereal productivity Productivity of all cereals
- | |5ES, 542 FA2
FOOD to decrease In low latitudes decreases In low latitudes
Tendencles for some cereal productivity, Ceroal productivity to
to Increase at mid- to high latitudes decrease In some reglons SES,542,F52
Increased damage from floods and STOMMS - . .- - - - - - - - - - - - g.ﬁ.ﬁﬂz. 641,
AFohutl 30% nr’l o
global coastal e e m e - ———— ] 541
COASTS wetlands lostt
Millions more people could experence o o o e - - —-— —-| | T8, a8 TSES
coastal flooding each year T
A4ES, 841,87,
Increasing burden from malnutrition, diarrhoeal, cardio-respiratory, and Infectious diseases e e i | T35 78
Increased morbidity and mortality from heat waves, floods, and droughts == = e e e e e e ———— - g:ﬁ'gfﬁ' g'_‘;'a'
HEALTH Tai’Fa3d’
Changed distribution of some disease VECIOIS e mm - - — - - - - - g.al-:f.aza. a7,
substantial burden on health services == e s |35 1
1 2 3 4 5°C

* Based on average rate of sea level rise of 4.2 mmyyear from 2000 to 2080.

the dght-hand column of the Table. Confidance kevels for al statemeants amn high.
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Rapiative Forcing COMPONENTS

RF Terms RF values (W m™) |Spatial scals| LOSU
L] 1 L] I
! |
: [ 1.66 [1.49 to 1.83) Global High
Lang-fved i :
gresnhouse gasas | | 0.48 [-:_}_da io I:_|_5:-||
: — Halacarbans 0.16 [0.14 10 0.18] Glotal High
b | | :
' I 05 [-0,15 to 0,05 i
Ozona Stratospheric Trnlpnspheric | S 0940} GD"“"'E'-:IE'I Med
© : | | 0,35 [0.25 to 0,65] | ‘todleb
| == | I
2 Siratospheric water ! |
| 0 - Liow
g‘ vapour from CH, : | | 0.07 [0,02 to 0,12] Global
Q | |
= |
£ Land use | ! =0.2 [<0.4 to 0.0] Local to Med
= Surface albedo Black carbon | inental | -Low
T : el i 0.1 [0.0 to 0.2] continental
I I | .
Direct effect I I | -0,5 [0.8 to 0,1] Continental | Med
I I [ toglobal | - Low
Total | | |
Aerasol | cloud albedo | | Continental e
effect I : | =0.7 [-1.8 to =0.3] o global Low :
I I [ )
| | | a
Linear contrails I I | 0.01 [0.003 to 0.03] Continental | Low (5
I I | -
= ! ' ' 0
=2 Solar irradianca I | I 0.12 [0.06 to 0.30] Glabal Low ,
2 ! ! f
Total net ! ' 1,6 (0.6 10 2.4]
anthropogenic : ! : .
i 1 M | |
-2 -1 0 1 2

Radiative Forcing (W m2)

Figure SPM.2. Global average radiative forcing (RF) sstimates and rangss in 2005 for anthropogenic carban dioxids (G0, ). methane
{CH), nitrous oxige (N0} and othar important agents and mechanisms, togethear with the typical geographical extant (spatial scala) of
the forcing and the assassed leval of scientific understanading (LOSU). The net anthropogenic radiative forcing and its range are also
shown. Thase require summing asymmetnc uncertainty estimates from the componeant ferms, and cannot be obtained by simple addlition.
Adaitional forcing factors not included hera are considaerad fo have a vary low LOSU. Voilcanic asrosols contribute an adaditional natural
forcing but are not included in this figure due o thedr episodic nature. The range for linaar contrails does not inciude other possible effects

« of aviation on cloudiness. {2.8, Figura 2.20)
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Changes in atmospheric concentrations of greenhouse gases (GHGs) and aerosols, land-cover and solar radiation
alter the energy balance of the climate system.

Global GHG emissions due to human activities have grown since pre-industrial times, with an increase of
70% between 1970 and 2004 (Figure SPM.3).° {2.1}

Carbon dioxide (CO,) is the most important anthropogenic GHG. Its annual emissions grew by about 80%
between 1970 and 2004. The long-term trend of declining CO; emissions per unit of energy supplied reversed after

2000, {2.1}
Global anthropogenic GHG emissions
F-gases
MO
ﬁu - {a} 1.1%
(b) on,
50 | 490 14.3%
447
— 39.4 B
5, 35.6 eo.
= {defarestation”
Bap{ 287 decay of
S -
QO : Eg%;uﬂ-ar} Wasle and wastevales
{9 20 1 : 2.8%
F E
(c) e, 259% i
10
Agriculture
13.5%
1970 1980 19480 2000 2004 Transgert
13.1%
[ ©0; from fossd fuel use and other sources [ CO; from deforestation, decay and peat Residential and
commercial buildings
L] eHy frarm agriculture, waste and energy B 120 from agriculture and others [l F-gases 7.8%
e
4 fﬁ‘é& a Figure SPM.3. (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004.° (b) Share of different anthropogenic D C c
A% 3 72 ‘{1_\'! GHGs in total emissions in 2004 in terms of COz-eq. (c) Share of different sectors in total anthropogenic GHG emissions in G h an Q o
g I '

| 2004 in terms of COz-eq. (Forestry includes deforestation). {Figure 2.1}
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For the next two decades a
warming of about 0.2°C per
decade is projected for a range of
SRES emissions scenarios. Even
If the concentrations of all
greenhouse gases and aerosols
had been kept constant at year
2000 levels, a further warming of
about 0.1°C per decade would be
expected. Afterwards,
temperature projections
increasingly depend on specific
emission scenarios.

IPDCC
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Figure SPM-1
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© Physical systems (cryosphere, hydrology, coastal processes) changes changes
® Biological systems (marine, freshwater, and terrestrial) I o =
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Europe consag.;tm! consistent
o 1-30 with warming  with warming
2 Temperature change “C : - :
o} 31-100 1970-2004
O 101-800
O 801-1200 10 -02 02 10 20 35
O 1201-7500

**=* Circles in Europe lepresent 1to 7500 data series.

* Polar regions include also observed changes in marine and freshwater biological systems.
** Marine and freshwater includes observed changes at sitesand large areas in oceans, small islands and continents.
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Box 13.7 The range of the difference between emissions in 1990 and emission allowances in 2020/2050 for

various GHG concentration levels for Annex | and non-Annex | countries as a group?

Scenario category Region 2020 2050
A-450 ppm CO,-eqt Annex | -25% to -40% -80% to -95%
Non-Annex | Substantial deviation from baseline in Substantial deviation from baseline in all
Latin America, Middle East, East Asia and regions
Centrally-Planned Asia
B-550 ppm C0,-eq Annex | -10% to -30% -40% to -90%
Mon-Annex | Deviation from baseline in Latin America and | Deviation from baseline in most regions,
Middle East, East Asia especially in Latin America and Middle East
C-650 ppm CO,-eq Annex | 0% to -25% -30% to -80%
Non-Annex | Baseline Deviation from baseline in Latin America and
Mlddle East, East Asia
Notes:

a2 The aggregate range is based on multiple approaches to apportion emissions between regions (contraction and convergence, multistage,
Triptych and intensity targets, among others). Each approach makes different assumptions about the pathway, specific national efforts
and other variables. Additional extreme cases - in which Annex | undertakes all reductions, or non-Annex | undertakes all reductions - are
not included. The ranges presented here do not imply political feasibility, nor do the results reflect cost variances.

b Only the studies aiming at stabilization at 450 ppm CO,-eq assume a (temporary) overshoot of about 50 ppm (See Den Elzen and

Meinshausen, 2006).

Source: See references listed in first paragraph of Section 13.3.3.3
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Table SPM.5: Characteristics of post-TAR stabilization scenarios [Table TS 2, 3.10/2

Global mean temperature
increase above pre- Change in global
industrial at equilibrium, CO, emissions in
Radiative CO, CO,-eq using “best estimate” Peaking 2050 No. of
forcing | concentration® | concentration®! climate sensitivity®): ¢ year for CO, (% of 2000 assessed
Category | (W/m2) (ppm) (ppm) (°C) emissionsd emissions)d! scenarios
| 25-3.0 350-400 445-490 2.0-2.4 2000-2015 -85 to -50 6
Il 3035 400-440 490-535 2.4-2.8 2000-2020 -60 to -30 18
1] 3.54.0 440-485 535-590 2.8-3.2 2010-2030 -30to +5 21
v 4.0-5.0 485-570 590-710 3.2-4.0 2020-2060 +10 to +60 118
Vv 5.0-6.0 570-660 710-855 4.0-4.9 2050-2080 +25 to +85 9
Vi 6.0-7.5 660-790 855-1130 4.9-6.1 2060-2090 +90 to +140 5
Total 177

a) The understanding of the climate system response to radiative forcing as well as feedbacks is assessed in detail in the AR4 WGI Report. Feedbacks between the
carbon cycle and climate change affect the required mitigation for a particular stabilization level of atmospheric carbon dioxide concentration. These feedbacks are
expected to increase the fraction of anthropogenic emissions that remains in the atmosphere as the climate system warms. Therefore, the emission reductions to
meet a particular stabilization level reported in the mitigation studies assessed here might be underestimated.

b) The best estimate of climate sensitivity is 3°C [WG 1 SPM].

c) Note that global mean temperature at equilibrium is different from expected global mean temperature at the time of stabilization of GHG concentrations due to the
inertia of the climate system. For the majority of scenarios assessed, stabilisation of GHG concentrations occurs between 2100 and 2150.

d) Ranges correspond to the 15% to 85t percentile of the post-TAR scenario distribution. CO, emissions are shown so multi-gas scenarios can be compared with CO,-
only scenarios.
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(cf. COP Decisions 4/CP.1, 9/CP.2, 2/CP.3 & 17/CP.8)
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IPCC NGGIP #R&2=(2)

IPPC EAIGHGA R )—& B $5§t(Good Practice
Guidance and Uncertainty

Management in National Greenhouse Gas Inventories)
<http://www.ipcc-nggip.iges.or.jp/public/gp/english/> (All UN language versions)

Complements the Revised
1996 IPCC Guidelines

Published in 2000

Endorsed by SBSTA12 (June 2000)

Require its use by Annex-I Parties -*“should”.
For Non-Annex-I Parties, Dec.17/CP.8
encourages its use.
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IPCC NGGIP $i&E(3)

THF|H., FHRICE T 5 E R E#H(IPCC Good Practice

Guidance for Land use, Land-Use Change and Forestry, 2003)
<http://www.ipcc-nggip.iges.or.jp/public/gpglulucf/gpglulucf.htm>

- Actions by SBSTA at 19th, 20, 21stsessions and
Dec. 13/CP.9 (General) and Dec. 15/CP.10 (Art 3.3/3.4)

Complements the Revised 1996
IPCC Guidelines.
GPG-LULUCF provides
supplementary methods and good
practice guidance for estimating,
measuring, monitoring and
reporting on carbon stock changes
and greenhouse gas emissions from
LULUCEF activities under Article 3,
paragraphs 3 and 4, and Article‘ﬁcc

and 12 of the Kyoto .Protogq
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2006 FEIPCC /R RN)—HARSAY

(2,000 pages, 10 Kgs. Adopted by IPCC 26 (Mauritius, April 2006)
 Revision of the Revised 1996GLs was completed in
Aprll 2006. nhttp:/mww.ipcc-nggip.iges.or.jp/public/2006gl/index.htm
« UNFCCC SBSTA is considering Iits iImplementation

— for Annex-| Parties
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