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Basics

Distinguishing between the effects of external influences

and internal climate variabllity requires careful comparison
between observed changes and those that are expected to
result from external forcing. These expectations are based on
physical understanding of the climate system. Physical
understanding is based on physical principles. This
understanding can take the form of conceptual models or it
might be guantified with climate models that are driven with
physically based forcing histories. An array of climate models
IS used to quantify expectations in this way

The extent to which a model is able to reproduce key features
of the climate system and its variations, for example the
seasonal cycle, increases its credibility for simulating changes
In climate.



‘Detection’ is the process of demonstrating that climate has
changed in some defined statistical sense, without providing a
reason for that change. Detection does not imply attribution of
the detected change to the assumed cause.

‘Attribution’ of causes of climate change is the process of
establishing the most likely causes for the detected change
with some defined level of confidence

Both detection and attribution require knowledge of the
Internal climate variability on the time scales considered,
usually decades or longer. However, these estimates are
uncertain because the instrumental record is too short to give
a well-constrained estimate of internal variability, and because
of uncertainties in the forcings and the estimated responses.
Thus, internal climate variability is usually estimated from long
control simulations from coupled climate models



Understanding and Attributing Climate
Change

Most of the observed increase Iin globally averaged
temperatures since the mid-20th century is very
likely due to the observed increase In
anthropogenic greenhouse gas concentrations

This is an advance since the TAR’s conclusion that
“most of the observed warming over the last 50
years Is likely to have been due to the increase In
greenhouse gas concentrations”.

Discernible human influences now extend to other
aspects of climate, including ocean warming,
continental-average temperatures, temperature
extremes and wind patterns



Changes in Precipitation, Increased
Drought

« Significantly increased precipitation in eastern
parts of North and South America, northern
Europe and northern and central Asia.

 The frequency of heavy precipitation events has
Increased over most land areas - consistent with
warming and increases of atmospheric water
vapour

« Drying in the Sahel, the Mediterranean, southern
Africa and parts of southern Asia.

* More intense and longer droughts observed since
the 1970s, particularly in the tropics and
subtropics.



Other changes in Extreme Events

Widespread changes in extreme temperatures
observed

Cold days, cold nights and frost less frequent

Hot days, hot nights, and heat waves more
frequent

Observational evidence for an increase of intense
tropical cyclone activity in the North Atlantic since
about 1970, correlated with increases of tropical
sea surface temperatures



Proportion of heavy rainfalls: increasing in most land areas

Regions of disproportionate changes in heavy
(95™") and very heavy (99 precipitation



Human and natural drivers of climate
change

» Annual fossil CO, emissions increased
from an average of 6.4 GtCper year In the
1990s, to 7.2 GtC per year in 2000-2005

* CO, radiative forcing increased by
20%from 1995 to 2005, the largest in any
decade In at least the last 200 years

e Changes in solar irradiance since 1750
are exstimated to have caused a radiative
forcing of +0.12 [+0.06 to +0.30] Wm™



Human and Natural Drivers of Climate
Change

The understanding of anthropogenic warming and
cooling influences on climate has improved since
the Third Assessment Report (TAR), leading to
very high confidence that the globally averaged
net effect of human activities since 1750 has been
one of warming, with a radiative forcing of +1.6
[+0.6 to +2.4] W m-2,



Observed widespread warming
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Cold nights decreasing; Warm nights are
increasing
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Frequency of occurrence of cold or warm temperatures for 202
global stations for 3 time periods:

1901 to 1950 (black), 1951 to 1978 (blue) and 1979 1o 2003 (red).



Cold nights decreasing; Warm nights are

increasing
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The uncertainty guidance provided for the Fourth Assessment Report draws, for the first time, a careful distinction
between levels of confidence in scientific understanding and the likelihoods of specific results. This allows authors to
express high confidence that an event is extremely unlikely (e.qg., rolling a dice twice and getting a six both times), as well
as high confidence that an event is about as likely as not (e.g., a tossed coin coming up heads). Confidence and likelihood
as used here are distinct concepts but are often linked in practice.

The standard terms used to define levels of confidence in this report are as given in the IPCC Uncertainty Guidance Note,
namely:

Confidence Terminology Degree of confidence in being correct

Very high confidence
High confidence
Medium confidence
Low confidence

Very low confidence

At least 9 out of 10 chance
About 8 out of 10 chance
About 5 out of 10 chance
About 2 out of 10 chance
Less than 1 out of 10 chance

Confidence

Mote that ‘low confidence’ and 'very low confidence’ are only used for areas of major concern and where a risk-based

perspective is justified.

The standard terms used in this report to define the likelihood of an outcome or result where this can be estimated
probabilistically are:

Likelihood of the occurrence/ outcome
= 09% probability

Likelihood Terminology

Virtually certain

Extremely likely = 05% probability
Very likely = 00% probability
Likely = B66%% probability

Likelihood

Maore likely than not
Abourt as likely as not

= 50% probability
33 to 66% probability

Unlikely < 33% probability
Very unilikely < 10% probability
Extremely unlikely < 5% probability
Exceptionally unlikely < 1% probability

The terms ‘extremely likely, ‘extremely unlikely’ and ‘more likely than not’ as defined above have been added to those
given in the IPCC Uncertainty Guidance Mote in order to provide a more specific assessment of aspects including attribution
and radiative forcing.



Projections of Future Changes in
Climate

Continued greenhouse gas emissions at or
above current rates would cause further warming
and induce many changes in the global climate
system during the 21st century that would very
likely be larger than those observed during the
20th century.

— Best estimate and assessed likelihood range
for future temperature projections for first time

— Broadly similar to the TAR but not directly
comparable



Projections of Future Changes in
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Projections of Future Changes in

Projected warming
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Projections of Future Changes in

Climate
25
Near term Z 20202029
projections g 1s
. T g 2000-2009 ]
Insensitive to 2 |
. 2 0.5 / _ .
choice of o NN
i 25—m—pb—+———+—+—
scenario >
&
E 1.5
Longer term %
projections 2 o -
depend on ol .
Scenarlo and ;‘%’ vl 2020-2029
climate model :i |
sensitivities 3

=1 0 1 2 3 4 5 6 7 8
Global Average Surface Temperature Change (°C)



Projections of Future Changes in

Climate
Projected Patterns of Precipitation Changes

multi- model

DJF multi- model o A1B JUA

f"‘l'—“CC 2007: WG1-AR4

5 10 20

Precipitation increases very likely in high latitudes
Decreases likely in most subtropical land regions

Dots show agreements between most of the models



Projections of Future Changes in
Climate

Simulations of global mean 20th-century temperature
change that accounted for anthropogenic greenhouse
gases and sulphate aerosols as well as solar and
volcanic forcing were found to be generally consistent
with observations.

In contrast, a limited number of simulations of the
response to known natural forcings alone indicated
that these may have contributed to the observed
warming in the first half of the 20th century, but could
not provide an adequate explanation of the warming in
the second half of the 20th century, nor the observed
changes In the vertical structure of the atmosphere.
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Understanding and Attributing
Climate Change (XX Century)

Global and Continental Temperature Change
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Understanding and Attributing
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Projections of Future Changes in
Climate

There Is now higher confidence in
projected patterns of warming and
other regional-scale features,
iIncluding changes in wind patterns,
precipitation, and some aspects of
extremes and of ice.
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Temperature [°C]

Europe heat wave of 2003:

Summer temperatures in Switzerland from 1864 to 2003 are, on average, about
17°C, as shown by the green curve. During the extremely hot summer of 2003,
average temperatures exceeded 22°C, as indicated by the red bar (a vertical line
iIs shown for each year in the 137-year record). The years 1909, 1947 and 2003
are labelled because they represent extreme years in the record. The values in
the lower left corner indicate the standard deviation (o) and the 2003 anomaly



JASO West Amazonian Rainfall {mm day™)

West Amazonian Rainfall versus Atlantic SST Index

Drought of Amazonia
2005:

Relationship between July-
October anomalies in rainfall in
Western Amazonia and in the
Index of the north-south SST
gradient across the tropical
Atlantic ocean (Cox et al. 2007)
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Surface temperature

Region

Likalihood

Factors contributing fo likelihood assessment

Warmning during the pagt half century cannot ba
explainad without ewterral raditive fordng

Glabal

Extremely
likely (=85%)

Anthropogenic change has been detected in surface temperdure with very high significance
lavals (s than 1% arror probability). This conclusion is stengthaned by detaction of
anthrapogenic change in the upperacaan with high signifizanca level, Upperocaan warming
ailes againet the aurface waming being dueto natural interal processes, Obsenvied change
i3 very large rdlativa to dimate-modd simulated internal variability. Surface temperature
variability simulated by modals i consistant with variabiity estimated from instrumental and
palaco records, Main uncertainty from forcing and internal variabilty estimates (Sections
0412 0414,0511,033207)

Warmning during the past half century i2 nat aalely dua
toknown natural cases

Greenhouse gas forcing has been the dominart cause
of tha chsarved global waming over the [ast 50 years.

Global

Ghobal

Vary Likdy

Vory lhaly

Thiswarming tock place at a mewhen non-anthropoganic extarmal factorswould [kaly
have produced cooling. The combined effact of known sources of forcing would have bean
atramaly lkelyto produce a waming. No climate moddl that has used naturd forcing only
has reproducad the obsanved globd waming trend over the 2nd half of he 20th cantury.
Main uncertainties arse from forcing, including solar, modd-simulated responses and irtemal
variabilty estimates (Sactions 20.2, .21, 0.4.1.2 8.4.1.4; Figures 0.5, 0.6, 0.9),

Al mult-signal detecion and attibution studies atiibuta marawarming to greenhousa gas
farcing than to acombination of all other sources considerd, including itemal variabilty,
with a very high significance. This conclusion accounts for observational, model and farding
incertainty, and the poesibility that the respense to solar forcing could be underestimatad

by madals. Main uncartainty from forcing and intarnal variabilty estimates (Section8.4.1.4;
Figura 9.9,




Increasas in greenhouss gas concantrations alona

wolld have caused mara waming than cksarved over

the last 50 years becausa volcanic and anthropogenic - Global Likely
aerosols have offsd some waming that would

otharwisa have taken place.

There has bean asutstartial anthropogenic Affica, Asia
contributionto surface temperature increases in every  Awtrdia, Europe,

Estimatas from different analyses using diffarent models show consistently mara warming
than obeerved over the lagt 50 years atthe 5% significanca level. However, separation of the
response to non-graenhicuss gas (particulary asresdl) forcing from graenhousa gas fordng
varies betwaen modkks (Saction 9.4.1.4; Figura 8.9,

Anthropogenic change has been estimated using detection and attribution methods on evary
incliviclual continert (ecept Antarctica). Greater vaiability compared to other continartal
regions makes detaction mara marginal in Erope. No climate madel that usad natural farcing
only repraducad the obsanved continental maan warming trend ovar the sscond haff of the
Ath century. Uncartainties anze becauze sampling effects rasut in lower signal-to-noisa ratio
at continantal than at global scales. Saparation of the responsa to different forcings is mare
dfficul at these spatial scales (Saction 8.42; FAQE.2, Figure 1),

continent axcept Antarcticasinca themiddle ofthe  Nerth Americaand it
20thcantury South Ameriza
Early 20th-cartury warming is da in part to axtamal dcbd ry Ll

forcing.

Anumber of studies detect the influsnce of exdemal farcings on early 20th-century warming,
Including awarming frem anthrepogaric forcing. Both natural forcing and responss ara
uncartain, and diffarent stuclies find diffarent forcings dominant. Soma stuclies inclcata that
internd variability could have made a large contribution to early 20th-century warming. Some
cearvatoral incertantyin early 20h-century trend (Sections 8.3.3.2,8.4.14; Hures 04,
a3,




Pre-industrid temperatures were influenced by ratural - NH (mostly

axtamal foring (period studied & past 7 centuries)

Termperatura exframes hava changed due to
anthropogenic forcing

Anthropogenic forcing contributed to sea levd rise
during the latter half 20th century

axtratmpics)

NH land areas and
Australia combinad.

Globd

Vary Likaly

Very likely

Detaction studies indicate that extarnal forsing explains asubetantial fraction of intar-cecadal
variability in NH temperature reconstructions. Simulations inresponseto estimates of pre-
industrid forcing reproduce broad features of reconstructions. Substantid uncetainties

in reconstructions and past forcings are unlikely to lead to aspurious agreamant batwaan
temperatura reconstructions and forcing reconstructions as they are derived from
independant proxies iSection 9.3.3; Figurez 9.4, 613,

Arange of cbearvationd evidence indicates that temperature arames are changing. An
anthropogenic influancs on the temparatures of the 1, 5, 10 and 30 wamest nights, coldest
days and coldest nights annually has been formally detectad and attributed in one study,
but chsarvad change in the tamparaturs of the wamest day annualy isinconsistent with
simulated change. The detection of changes in temperature extremes & supporad by
other comparisons between models and observations. Model uncertainties in changes

in temperature extrames are greater than for mean temperatures and there is limited
obsarvational coverage and substantial obsavational uncertainty (Section 8.4.3)

Natvral factors alone do not satisfactonily explain sither the obsemed thermal expangion of
the ocean or the obsarved s2a level rize. Maodelz induding anthropoganic and natural forcing
simulate the cbearved therma axpansion since 1961 reasonably well, Anthropaogenic farcing
dominates the surface tempearature change simulated by modals, and has likely contributed
to the obsarved warming ofthe upper ocean and widespread glacier retreat. It is very
unlikely that the warming during the past half cantury is due anly to known natural causes,

It i therefora very likely that arthropogenic forcing cortributed to sea levd rise associated
with o.cean thermal expansion and glacier retreat. However, it remains difficut to etimate
the anthropogenic contribution to ssa level riss becauss suitable studies quantifing the
anthropogenic contribution to sea level rise and olacier retreat are not available, and because
the obzerved =2a lavel rize budget iz not closed Table 82, Section8.5.2),



Anthmpageni; forsing contributed to the increasa in
fraquancy of the most intensetrapical oydones since  Tropical ragions
the 1070z

Mare likaly
than nat
(+50%]

Racent obsarvational evidence suggests an incraass in fraquency of intanss stoms, Increass
in intanstty & consistent with theoretical expectations. Lare uncartainties dua t modkks and
obsarvations. Moddling studies generally indicate a reduced frequency of tropical oy clones

In responsa o enhancad graenhouse gas foreing, bt an incraasa in the intansity of tha mest
intansa cychones. Obsawational avidence, which & affectad by substantial inhomagenaties in
tropical cyclone data sets for which corections have been attampted, suggests that increases
In cyclona intensity sinca e 10705 are associated with 55T and atmospharic water vapour

increases (Saction 3.8.3, Bax 3.5 and Saction 8.5.2.6),

Velcaric forcing infliencas total rainfal Globd land areas

Increasesin heavy rainfall are conaistent with Global land areas
anthrepogenic foreing during latter half 20th century— (limited sampling)

More [ikaly
than nat
(»50%)

Mora likaly
than not
(»50%i

Modk| response detactable in obsarvations for some modak and rsult supportad by
theoretical understanding. However uncertairties inmaodel, forcings and obssrvations,
Limited cbservational sampling, partcularly in e SH (Saction 8.5.4.2; Figura 8.18),

Obsarvad increasss in heavy pracipitation appaar to be consistent with expactations of
response to anthropagenic forcing. Models may nt represent heavy rairfall well, bservatiors
aiffer from eampling inadequacies (Section 8.5.4.2)

B gy o

Increased sk of drought dus to anthropagenic forcing
during ater el 20th centuy Glokal lend ercas

More likely
than not

(»40%)

One detection study has identfiied an anthropogenic fingerprint in a global Palmer Drougft
Severty Indax data setwih high signifizance, but the simulded resporesto anthropogenic
and natural fording combined i wagker than chsarved, and the maodel appears to have less
Inter-decadal variabilty than observed. Studies of some regions indicate that droughts in
thosa regiore are inked ether to 53T changes tha, in some instances, may be inked to
anthropagenic aarceol fordng e.q., Sahd) or to acirculation responss to anthropogenic
forcing (e.q,, southwest Australia). Modds, observations and forcing all contribute uncertainty
(Section 8.5.3.2)




1. Simulations of the effects of land use changes in eastern
Amazonia (Sampaio et al. 2007)

PROJECTED Amazonia - Pasture : ‘
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Natural vegetation projected by the CPTEC PVM in South America for 2100, using
the A2 IPCC AR4 global climate change projections from 15 AGCMs (Salazar et al.

2007)
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“The impacts
of land use
change on
climate are
expected to
be locally
significant in
some
regions, but
are small at
the global
scale in
comparison
with
greenhouse
gas warming”
(IPCC WG1-

1>

006 0.1 014 018 022 026 03 034 0.38

Ratio of the magnitude of the near surface temperature response to land cover
change over the magnitude of the response to GHGs (Land use/GHG)
concentrations increase, for the B2 scenarios (Voldoire 2006)




There are numerous sources of uncertainty on global and regional climate
change projections in any other region of the planet.

Land use/cover change is an important forcing that is inherently regional in
scope.

The other major component of uncertainty is the responses and feedbacks of
the climate system to emissions as represented in climate models.

These uncertainties are related to the model representation of the conversion of
the emissions into concentrations of radiatively active species (i.e., via
atmospheric chemistry and carbon-cycle models) and the subsequent response
of the physical climate system.

In turn, the latter uncertainties result from the representation of resolved
processes (e.g., moisture advection), the parameterizations of sub-grid-scale
processes (e.g., clouds, precipitation), feedback mechanisms on the global and
regional scale (e.g., changes in land-use/cover affecting the atmosphere, the
role of aerosols on the rainy season in Amazonia) and so on.

The long-term variations of models” skill represent an additional source of
uncertainty, and indicate that the regional reliability of long climate model runs
may depend on the time slice in which the output of the model is analyzed.



Summary:

Human-induced warming of the climate system
widespread.

Anthropogenic warming of the climate system can be
detected in temperature observations taken at the
surface, in the troposphere and in the oceans.

It is extremely unlikely (<5%) that the global pattern of
warming during the past half century can be explained
without external forcing, and very unlikely that it is due to
known natural external causes alone.

Greenhouse gas forcing has very likely caused most of
the observed global warming over the last 50 years.



oIt is likely that there has been a substantial anthropogenic
contribution to surface temperature increases in every continent
except Antarctica since the middle of the 20th century.

eSurface temperature extremes have likely been affected by
anthropogenic forcing.

*There is evidence of anthropogenic influence in other parts of
the climate system.

*Analyses of palaeoclimate data have increased confidence In
the role of external influences on climate.

*Overall consistency of evidence.

Remaining uncertainties



Remaining uncertainties

Further improvements in models and analysis techniques have led to
Increased confidence in the understanding of the influence of external
forcing on climate since the TAR. However, estimates of some radiative
forcings remain uncertain, including aerosol forcing and inter-decadal
variations in solar forcing.

Better understanding of instrumental and proxy climate records, and
climate model improvements, have increased confidence in climate
model-simulated internal variability. However, uncertainties remain. For
example, there are apparent discrepancies between estimates of ocean
heat content variability from models and observations. Uncertainties in
the radiosonde and satellite records still affect confidence in estimates
of the anthropogenic contribution to tropospheric temperature change.

Incomplete global data sets and remaining model uncertainties
still restrict understanding of changes in extremes and attribution
of changes to causes, although understanding of changes in the
Intensity, frequency and risk of extremes has improved.
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