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Basics

Distinguishing between the effects of external influences
and internal climate variability 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 quantified 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 in 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. 



• 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

Other changes in Extreme Events



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

Proportion of heavy rainfalls: increasing in most land areas



Human and natural drivers of climate 
change

• Annual fossil CO2 emissions increased 
from an average of 6.4 GtCper year in the 
1990s, to 7.2 GtC per year in 2000-2005

• CO2 radiative forcing increased by 
20%from 1995 to 2005, the largest in any 
decade in at least the last 200 years 

• Changes in solar irradiance since 1750 
are exstimated to have caused a radiative 
forcing of +0.12 [+0.06 to +0.30] Wm-2



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. 



• extremely unlikely 
without external forcing

• very unlikely due to 
known natural causes 
alone

Observed widespread warming

Global ocean

1955 20051980

Annual Trend 1979 to 2005

Surface Troposphere



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 to 2003 (red).

Cold nights decreasing; Warm nights are 
increasing

⇐fewer more⇒ ⇐fewer more⇒



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 to 2003 (red).

1979-2003

1951-1978

1901-1950

Cold nights decreasing; Warm nights are 
increasing

⇐fewer more⇒ ⇐fewer more⇒



Likelihood

Confidence



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 
Climate

Best estimate for 
low scenario (B1) 
is 1.8°C (likely 
range is 1.1°C to 
2.9°C), and for 
high scenario 
(A1FI) is 4.0°C 
(likely range is 
2.4°C to 6.4°C).

Broadly 
consistent with 
span quoted for 
SRES in TAR, 
but not directly 
comparable 



Projected warming
in 21st century 
expected to be

greatest over land 
and at most high 
northern latitudes

and least over the 
Southern Ocean 
and parts of the 
North Atlantic 
Ocean

Projections of Future Changes in 
Climate



Projections of Future Changes in 
Climate

Near term  
projections 
insensitive to 
choice of 
scenario 

Longer term  
projections 
depend  on 
scenario and  
climate model 
sensitivities



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



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.



Attribution
Changes are 

observed 
consistent with 
expected 
responses to 
forcings
inconsistent with 
alternative 
explanations 
(natural climate 
variability alone)

Observations

All forcing (Solar+volcanic+human)

Natural: Solar+volcanic

Observations



Understanding and Attributing 
Climate Change (XX Century)

Continental 
warming 
likely shows 
a significant 
anthropogeni 
c contribution 
over the past 
50 years



Decadal
 

mean
 continental surface

 temperature
 anomalies

 

(°C) in 
observations and

 simulations
 

for the
 period

 

1906 to 2005
and

 

in projections
 for 2001 to 2050. 

The
 

yellow
 

shading
 represents

 

the
 

5th 
to 95th percentile
range of

 

projected
 changes

 

according
 to the

 

SRES A1B 
emissions

 scenario. The
 

green
 bar denotes the

 

5th 
to 95th percentile

 range of
decadal

 

mean
 anomalies

 

from
 

the
 20th-century

 simulations
 

with
 only

 

natural 
forcings

Understanding and Attributing 
Climate Change (XX-XXI Century)



Projections of Future Changes in 
Climate

There is now higher confidence in 
projected patterns of warming and 
other regional-scale features, 
including changes in  wind patterns, 
precipitation, and some aspects of 
extremes and of ice.



Zonal mean atmospheric temperature change from 1890 to 1999 (°C per 
century) as simulated by the PCM model from, Plot is from 1,000 hPa to 10 
hPa (shown on left scale) and from 0 km to 30 km (Santer et al. 2003a).

(a) solar forcing, (b) volcanoes

(c) Well mixed greenhouse gases, (d) tropospheric and stratospheric
ozone changes,

(e) direct sulphate aerosol forcing (f) the sum of all forcings.



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 
is 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 (σ) and the 2003 anomaly
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Amazonia
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Present

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)



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)

“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-

 TS).



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.



•It 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.

•Surface 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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