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Topic FAR SPM Statement SAR SPM Statement TAR SPM Statement AR4 SPM Statement

Human and Natural 
Drivers of Climate Change

There is a natural greenhouse effect which already keeps 
the Earth warmer than it would otherwise be. Emissions 
resulting from human activities are substantially increasing 
the atmospheric concentrations of the greenhouse gases 
carbon dioxide, methane, chlorofluorocarbons and nitrous 
oxide. These increases will enhance the greenhouse effect, 
resulting on average in an additional warming of the Earth’s 
surface.

Continued emissions of these gases at present rates would 
commit us to increased concentrations for centuries ahead.

Greenhouse gas concentrations have 
continued to increase. These trends 
can be attributed largely to human 
activities, mostly fossil fuel use, land 
use change and agriculture.

Anthropogenic aerosols are short-
lived and tend to produce negative 
radiative forcing.

Emissions of greenhouse gases and aerosols 
due to human activities continue to alter the 
atmosphere in ways that are expected to affect 
the climate. The atmospheric concentration of 
CO2 has increased by 31% since 1750 and that 
of methane by 151%.

Anthropogenic aerosols are short-lived and 
mostly produce negative radiative forcing by 
their direct effect. There is more evidence for 
their indirect effect, which is negative, although 
of very uncertain magnitude.

Natural factors have made small contributions 
to radiative forcing over the past century.

Global atmospheric concentrations of carbon dioxide, methane 
and nitrous oxide have increased markedly as a result of human 
activities since 1750 and now far exceed pre-industrial values 
determined from ice cores spanning many thousands of years. 
The global increases in carbon dioxide concentration are due 
primarily to fossil fuel use and land use change, while those of 
methane and nitrous oxide are primarily due to agriculture.

Very high confidence that the global average 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.

Direct  
Observations  
of Recent  
Climate 
Change

Temperature 

Global mean surface air temperature has increased by 0.3°C 
to 0.6°C over the last 100 years, with the five global-aver-
age warmest years being in the 1980s. 

Climate has changed over the past 
century. Global mean surface tem-
perature has increased by between 
about 0.3 and 0.6°C since the late 
19th century. Recent years have been 
among the warmest since 1860, de-
spite the cooling effect of the 1991 
Mt. Pinatubo volcanic eruption.

An increasing body of observations gives a col-
lective picture of a warming world and other 
changes in the climate system.

The global average temperature has increased 
since 1861. Over the 20th century the increase 
has been 0.6°C.

Some important aspects of climate appear not 
to have changed.

Warming of the climate system is unequivocal, as is now evident 
from observations of increases in global average air and ocean 
temperatures, widespread melting of snow and ice, and rising 
global average sea level.

Eleven of the last twelve years (1995–2006) rank among the 12 
warmest years in the instrumental record of global surface tem-
perature (since 1850). The updated 100-year linear trend (1906 
to 2005) of 0.74°C [0.56°C to 0.92°C] is therefore larger than the 
corresponding trend for 1901 to 2000 given in the TAR of 0.6°C 
[0.4°C to 0.8°C].

Some aspects of climate have not been observed to change.

Sea Level

Over the same period global sea level has increased by 10 
to 20 cm These increases have not been smooth with time, 
nor uniform over the globe.

Global sea level has risen by between 
10 and 25 cm over the past 100 years 
and much of the rise may be related 
to the increase in global mean tem-
perature.

Tide gauge data show that global average sea 
level rose between 0.1 and 0.2 m during the 
20th century.

Global average sea level rose at an average rate of 1.8 [1.3 to 
2.3] mm per year over 1961 to 2003. The rate was faster over 
1993 to 2003: about 3.1 [2.4 to 3.8] mm per year. The total 20th 
century rise is estimated to be 0.17 [0.12 to 0.22] m.

A Palaeoclimatic  
Perspective

Climate varies naturally on all timescales from hundreds 
of millions of years down to the year-to-year. Prominent in 
the Earth’s history have been the 100,000 year glacial–in-
terglacial cycles when climate was mostly cooler than at 
present. Global surface temperatures have typically varied 
by 5°C to 7°C through these cycles, with large changes in 
ice volume and sea level, and temperature changes as great 
as 10°C to 15°C in some middle and high latitude regions 
of the Northern Hemisphere. Since the end of the last ice 
age, about 10,000 years ago, global surface temperatures 
have probably fluctuated by little more than 1°C. Some fluc-
tuations have lasted several centuries, including the Little 
Ice Age which ended in the nineteenth century and which 
appears to have been global in extent.

The limited available evidence from 
proxy climate indicators suggests 
that the 20th century global mean 
temperature is at least as warm as 
any other century since at least 1400 
AD. Data prior to 1400 are too sparse 
to allow the reliable estimation of 
global mean temperature.

New analyses of proxy data for the Northern 
Hemisphere indicate that the increase in tem-
perature in the 20th century is likely to have 
been the largest of any century during the past 
1,000 years. It is also likely that, in the Northern 
Hemisphere, the 1990s was the warmest decade 
and 1998 the warmest year. Because less data 
are available, less is known about annual aver-
ages prior to 1,000 years before present and for 
conditions prevailing in most of the Southern 
Hemisphere prior to 1861.

Palaeoclimatic information supports the interpretation that the 
warmth of the last half century is unusual in at least the previous 
1,300 years.

The last time the polar regions were significantly warmer than 
present for an extended period (about 125,000 years ago), re-
ductions in polar ice volume led to 4 to 6 m of sea level rise.

Table 1.1 |  Historical overview of major conclusions of previous IPCC assessment reports. The table provides a non-comprehensive selection of key statements from previous assessment reports—IPCC First Assessment Report (FAR; IPCC, 
1990), IPCC Second Assessment Report (SAR; IPCC, 1996), IPCC Third Assessment Report (TAR; IPCC, 2001) and IPCC Fourth Assessment Report (AR4; IPCC, 2007)—with a focus on global mean surface air temperature and sea level change 
as two policy relevant quantities that have been covered in IPCC since the first assessment report.

(continued on next page)
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(Table 1.1 continued)

Topic FAR SPM Statement SAR SPM Statement TAR SPM Statement AR4 SPM Statement

Understanding and  
Attributing Climate  
Change

The size of this warming is broadly consistent with predic-
tions of climate models, but it is also of the same magnitude 
as natural climate variability. Thus the observed increase 
could be largely due to this natural variability; alternatively 
this variability and other human factors could have offset 
a still larger human-induced greenhouse warming. The un-
equivocal detection of the enhanced greenhouse effect from 
observations is not likely for a decade or more.

The balance of evidence suggests a 
discernible human influence on glob-
al climate. Simulations with coupled 
atmosphere–ocean models have pro-
vided important information about 
decade to century timescale natural 
internal climate variability. 

There is new and stronger evidence that most 
of the warming observed over the last 50 years 
is attributable to human activities. There is a 
longer and more scrutinized temperature record 
and new model estimates of variability. Recon-
structions of climate data for the past 1,000 
years indicate this warming was unusual and is 
unlikely to be entirely natural in origin.

Most of the observed increase in global average temperatures 
since the mid-20th century is very likely due to the observed 
increase in anthropogenic greenhouse gas concentrations. 
Discernible human influences now extend to other aspects of 
climate, including ocean warming, continental-average tempera-
tures, temperature extremes and wind patterns.

Projections 
of Future 
Changes in 
Climate

Temperature

Under the IPCC Business-as-Usual emissions of greenhouse 
gases, a rate of increase of global mean temperature during 
the next century of about 0.3°C per decade (with an uncer-
tainty range of 0.2°C to 0.5°C per decade); this is greater 
than that seen over the past 10,000 years. 

Climate is expected to continue to 
change in the future. For the mid-
range IPCC emission scenario, IS92a, 
assuming the ‘best estimate’ value of 
climate sensitivity and including the 
effects of future increases in aerosols, 
models project an increase in global 
mean surface air temperature rela-
tive to 1990 of about 2°C by 2100. 

Global average temperature and sea level are 
projected to rise under all IPCC SRES scenarios. 
The globally averaged surface temperature is 
projected to increase by 1.4°C to 5.8°C over the 
period 1990 to 2100.

Confidence in the ability of models to project 
future climate has increased.

Anthropogenic climate change will persist for 
many centuries.

For the next two decades, a warming of about 0.2°C per decade 
is projected for a range of SRES emission 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.

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

Anthropogenic warming and sea level rise would continue for 
centuries, even if greenhouse gas concentrations were to be 
stabilised.

Sea Level
An average rate of global mean sea level rise of about 6 cm 
per decade over the next century (with an uncertainty range 
of 3 to 10 cm per decade) is projected.

Models project a sea level rise of 50 
cm from the present to 2100.

Global mean sea level is projected to rise by 
0.09 to 0.88 m between 1990 and 2100. 

Global sea level rise for the range of scenarios is projected as 
0.18 to 0.59 m by the end of the 21st century.
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Figure 1.1 |  Main drivers of climate change. The radiative balance between incoming solar shortwave radiation (SWR) and outgoing longwave radiation (OLR) is influenced by 
global climate ‘drivers’. Natural fluctuations in solar output (solar cycles) can cause changes in the energy balance (through fluctuations in the amount of incoming SWR) (Section 
2.3). Human activity changes the emissions of gases and aerosols, which are involved in atmospheric chemical reactions, resulting in modified O3 and aerosol amounts (Section 2.2). 
O3 and aerosol particles absorb, scatter and reflect SWR, changing the energy balance. Some aerosols act as cloud condensation nuclei modifying the properties of cloud droplets 
and possibly affecting precipitation (Section 7.4). Because cloud interactions with SWR and LWR are large, small changes in the properties of clouds have important implications 
for the radiative budget (Section 7.4). Anthropogenic changes in GHGs (e.g., CO2, CH4, N2O, O3, CFCs) and large aerosols (>2.5 μm in size) modify the amount of outgoing LWR 
by absorbing outgoing LWR and re-emitting less energy at a lower temperature (Section 2.2). Surface albedo is changed by changes in vegetation or land surface properties, snow 
or ice cover and ocean colour (Section 2.3). These changes are driven by natural seasonal and diurnal changes (e.g., snow cover), as well as human influence (e.g., changes in 
vegetation types) (Forster et al., 2007).

 presence of clouds, precipitation; and the occurrence of special phe-
nomena, such as thunderstorms, dust storms, tornados and others. 
Climate in a narrow sense is usually defined as the average weather, 
or more rigorously, as the statistical description in terms of the mean 
and variability of relevant quantities over a period of time ranging from 
months to thousands or millions of years. The relevant quantities are 
most often surface variables such as temperature, precipitation and 
wind. Classically the period for averaging these variables is 30 years, 
as defined by the World Meteorological Organization. Climate in a 
wider sense also includes not just the mean conditions, but also the 
associated statistics (frequency, magnitude, persistence, trends, etc.), 
often combining parameters to describe phenomena such as droughts. 
Climate change refers to a change in the state of the climate that can 
be identified (e.g., by using statistical tests) by changes in the mean 
and/or the variability of its properties, and that persists for an extended 
period, typically decades or longer.

The Earth’s climate system is powered by solar radiation (Figure 1.1). 
Approximately half of the energy from the Sun is supplied in the vis-
ible part of the electromagnetic spectrum. As the Earth’s tempera-

ture has been relatively constant over many centuries, the incoming 
solar energy must be nearly in balance with outgoing radiation. Of 
the incoming solar shortwave radiation (SWR), about half is absorbed 
by the Earth’s surface. The fraction of SWR reflected back to space 
by gases and aerosols, clouds and by the Earth’s surface (albedo) is 
approximately 30%, and about 20% is absorbed in the atmosphere. 
Based on the temperature of the Earth’s surface the majority of the 
outgoing energy flux from the Earth is in the infrared part of the spec-
trum. The longwave radiation (LWR, also referred to as infrared radi-
ation) emitted from the Earth’s surface is largely absorbed by certain 
atmospheric constituents—water vapour, carbon dioxide (CO2), meth-
ane (CH4), nitrous oxide (N2O) and other greenhouse gases (GHGs); 
see Annex III for Glossary—and clouds, which themselves emit LWR 
into all directions. The downward directed component of this LWR adds 
heat to the lower layers of the atmosphere and to the Earth’s surface 
(greenhouse effect). The dominant energy loss of the infrared radiation 
from the Earth is from higher layers of the troposphere. The Sun pro-
vides its energy to the Earth primarily in the tropics and the subtropics; 
this energy is then partially redistributed to middle and high latitudes 
by atmospheric and oceanic transport processes.
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An equilibrium climate experiment is an experiment in which a cli-
mate model is allowed to adjust fully to a specified change in RF. Such 
experiments provide information on the difference between the initial 
and final states of the model simulated climate, but not on the time-de-
pendent response. The equilibrium response in global mean surface air 
temperature to a doubling of atmospheric concentration of CO2 above 
pre-industrial levels (e.g., Arrhenius, 1896; see Le Treut et al., 2007 for 
a comprehensive list) has often been used as the basis for the concept 
of equilibrium climate sensitivity (e.g., Hansen et al., 1981; see Meehl 
et al., 2007 for a comprehensive list). For more realistic simulations of 
climate, changes in RF are applied gradually over time, for example, 
using historical reconstructions of the CO2, and these simulations are 
called transient simulations. The temperature response in these tran-
sient simulations is different than in an equilibrium simulation. The 
transient climate response is defined as the change in global surface 
temperature at the time of atmospheric CO2 doubling in a global cou-
pled ocean–atmosphere climate model simulation where concentra-
tions of CO2 were increased by 1% yr–1. The transient climate response 

is a measure of the strength and rapidity of the surface temperature 
response to GHG forcing. It can be more meaningful for some problems 
as well as easier to derive from observations (see Figure 10.20; Sec-
tion 10.8; Chapter 12; Knutti et al., 2005; Frame et al., 2006; Forest et 
al., 2008), but such experiments are not intended to replace the more 
realistic scenario evaluations.

Climate change commitment is defined as the future change to which 
the climate system is committed by virtue of past or current forcings. 
The components of the climate system respond on a large range of 
timescales, from the essentially rapid responses that characterise some 
radiative feedbacks to millennial scale responses such as those associ-
ated with the behaviour of the carbon cycle (Section 6.1) and ice sheets 
(see Figure 1.2 and Box 5.1). Even if anthropogenic emissions were 
immediately ceased (Matthews and Weaver, 2010) or if climate forcings 
were fixed at current values (Wigley, 2005), the climate system would 
continue to change until it came into equilibrium with those forcings 
(Section 12.5). Because of the slow response time of some components 
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Figure 1.2 | Climate feedbacks and timescales. The climate feedbacks related to increasing CO2 and rising temperature include negative feedbacks (–) such as LWR, lapse 
rate (see Glossary in Annex III), and air–sea carbon exchange and positive feedbacks (+) such as water vapour and snow/ice albedo feedbacks. Some feedbacks may be 
positive or negative (±): clouds, ocean circulation changes, air–land CO2 exchange, and emissions of non-GHGs and aerosols from natural systems. In the smaller box, the 
large difference in timescales for the various feedbacks is highlighted.
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2008). Paleoclimatic reconstructions thus offer a means for placing 
the current changes in climate in the perspective of natural climate 
variability (Section 5.1). AR5 includes new information on external RFs 
caused by variations in volcanic and solar activity (e.g., Steinhilber 
et al., 2009; see Section 8.4). Extended data sets on past changes 
in atmospheric concentrations and distributions of atmospheric GHG 
concentrations (e.g., Lüthi et al., 2008; Beerling and Royer, 2011) and 
mineral aerosols (Lambert et al., 2008) have also been used to attrib-
ute reconstructed paleoclimate temperatures to past variations in 
external forcings (Section 5.2).

1.3 Indicators of Climate Change

There are many indicators of climate change. These include physical 
responses such as changes in the following: surface temperature, 
atmospheric water vapour, precipitation,  severe events, glaciers, ocean 
and land ice, and sea level. Some key examples of such changes in 

important climate parameters are discussed in this section and all are 
assessed in much more detail in other chapters.

As was done to a more limited extent in AR4 (Le Treut et al., 2007), this 
section provides a test of the planetary-scale hypotheses of climate 
change against observations. In other words, how well do the projec-
tions used in the past assessments compare with observations to date? 
Seven additional years of observations are now available to evaluate 
earlier model projections. The projected range that was given in each 
assessment is compared to observations. The largest possible range 
of scenarios available for a specific variable for each of the previous 
assessment reports is shown in the figures.

Based on the assessment of AR4, a number of the key climate and 
associated environmental parameters are presented in Figure 1.3, 
which updates the similar figure in the Technical Summary (TS) of IPCC 
(2001). This section discusses the recent changes in several indicators, 
while more thorough assessments for each of these indicators are 

     Ocean                              Land                                         Ice

Troposphere

Near Surface

Stratosphere Cooling Stratospheric temperature (Chapter 2.4).

Changes in winter polar vortex strength (Chapter 2.7).
 

Increasing concentration of CO2 and other greenhouse
gases from human activities (Chapter 2.2).
Changes in cloud cover (Chapter 2.5).
Increasing tropospheric water vapour (Chapter 2.5). 
Changes in aerosole burden and ozone concentrations 
(Chapter 2.2)

Rising global average near surface
temperature (Chapter 2.4). 

Increasing surface humidity (Chapter 2.5).

Warming throughout much of the
worlds ocean (Chapter 3.2).

Increasing rates of global mean 
sea level rise (Chapter 3.7). 

Changes in ocean 
salinity (Chapter 3.3).

Acidification of the oceans 
(Chapter 3.8).

More frequent warm days and nights. Fewer
 cold days and nights (Chapter 2.6).

Reductions in the number of frost days 
(Chapter 2.6).

Decreasing snow cover in most regions 
(Chapter 4.5).

Degrading permafrost in areal 
extent and thickness (Chapter 4.6).

Large scale precipitation changes (Chapter 2.5).

Increase in the number of heavy precipitation 
events (Chapter 2.6).

Shrinking annual average 
Arctic  sea ice extent 
 (Chapter 4.2).

Widespread glacier 
retreat (Chapter 4.3).

Changes in ice sheets in 
Greenland and Antarctica 
(Chapter 4.4).

                                          

Warming from the surface through much of the 
troposphere (Chapter 2.4).

Long-term changes in the large-scale atmospheric 
circulation, including a poleward shift of jet 
streams (Chapter 2.7).

Atmosphere

Warming of sea surface 
temperatures (Chapter 2.4). 

Observations of Climate Changes from AR4 (points to AR5)

Figure 1.3 |  Overview of observed climate change indicators as listed in AR4. Chapter numbers indicate where detailed discussions for these indicators are found in AR5 
(temperature: red; hydrological: blue; others: black).
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Figure 1.4 |  Estimated changes in the observed globally and annually averaged surface temperature anomaly relative to 1961–1990 (in °C) since 1950 compared with the range 
of projections from the previous IPCC assessments. Values are harmonized to start from the same value in 1990. Observed global annual mean surface air temperature anomaly, 
relative to 1961–1990, is shown as squares and smoothed time series as solid lines (NASA (dark blue), NOAA (warm mustard), and the UK Hadley Centre (bright green) reanalyses). 
The coloured shading shows the projected range of global annual mean surface air temperature change from 1990 to 2035 for models used in FAR (Figure 6.11 in Bretherton et al., 
1990), SAR (Figure 19 in the TS of IPCC, 1996), TAR (full range of TAR Figure 9.13(b) in Cubasch et al., 2001). TAR results are based on the simple climate model analyses presented 
and not on the individual full three-dimensional climate model simulations. For the AR4 results are presented as single model runs of the CMIP3 ensemble for the historical period 
from 1950 to 2000 (light grey lines) and for three scenarios (A2, A1B and B1) from 2001 to 2035. The bars at the right-hand side of the graph show the full range given for 2035 
for each assessment report. For the three SRES scenarios the bars show the CMIP3 ensemble mean and the likely range given by –40% to +60% of the mean as assessed in Meehl 
et al. (2007). The publication years of the assessment reports are shown. See Appendix 1.A for details on the data and calculations used to create this figure.

 provided in other chapters. Also shown in parentheses in Figure 1.3 are 
the chapter and section where those indicators of change are assessed 
in AR5.

Note that projections presented in the IPCC assessments are not pre-
dictions (see the Glossary in Annex III); the analyses in the discussion 
below only examine the short-term plausibility of the projections up to 
AR4, including the scenarios for future emissions and the models used 
to simulate these scenarios in the earlier assessments. Model results 
from the Coupled Model Intercomparison Project Phase 5 (CMIP5) 
(Taylor et al., 2012) used in AR5 are therefore not included in this sec-
tion; Chapters 11 and 12 describe the projections from the new mod-
elling studies. Note that none of the scenarios examined in the IPCC 
assessments were ever intended to be short-term predictors of change.

1.3.1 Global and Regional Surface Temperatures

Observed changes in global mean surface air temperature since 1950 
(from three major databases, as anomalies relative to 1961–1990) 
are shown in Figure 1.4. As in the prior assessments, global climate 

models generally simulate global temperatures that compare well with 
o bservations over climate timescales (Section 9.4). Even though the 
projections from the models were never intended to be predictions 
over such a short timescale, the observations through 2012 generally 
fall within the projections made in all past assessments. The 1990–
2012 data have been shown to be consistent with the FAR projections 
(IPCC, 1990), and not consistent with zero trend from 1990, even in 
the presence of substantial natural variability (Frame and Stone, 2013).

The scenarios were designed to span a broad range of plausible 
futures, but are not aimed at predicting the most likely outcome. The 
scenarios considered for the projections from the earlier reports (FAR, 
SAR) had a much simpler basis than those of the Special Report on 
Emission Scenarios (SRES) (IPCC, 2000) used in the later assessments. 
For example, the FAR scenarios did not specify future aerosol distribu-
tions.  AR4 presented a multiple set of projections that were simulated 
using comprehensive ocean–atmosphere models provided by CMIP3 
and these projections are continuations of transient simulations of the 
20th century climate. These projections of temperature provide in addi-
tion a measure of the natural variability that could not be obtained 
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from the earlier projections based on models of intermediate complex-
ity (Cubasch et al., 2001).

Note that before TAR the climate models did not include natural forc-
ing (such as volcanic activity and solar variability). Even in AR4 not all 
models included natural forcing and some also did not include aero-
sols. Those models that allowed for aerosol effects presented in the 
AR4 simulated, for example, the cooling effects of the 1991 Mt Pinatu-
bo eruption and agree better with the observed temperatures than the 
previous assessments that did not include those effects.

The bars on the side for FAR, SAR and TAR represent the range of 
results for the scenarios at the end of the time period and are not error 
bars. In contrast to the previous reports, the AR4 gave an assessment 
of the individual scenarios with a mean estimate (cross bar; ensemble 
mean of the CMIP3 simulations) and a likely range (full bar; –40% to 
+60% of the mean estimate) (Meehl et al., 2007).

In summary, the trend in globally averaged surface temperatures falls 
within the range of the previous IPCC projections. During the last 
decade the trend in the observations is smaller than the mean of the 
projections of AR4 (see Section 9.4.1, Box 9.2 for a detailed assessment 
of the hiatus in global mean surface warming in the last 15 years). 
As shown by Hawkins and Sutton (2009), trends in the observations 
during short-timescale periods (decades) can be dominated by natural 
variability in the Earth’s climate system. Similar episodes are also seen 
in climate model experiments (Easterling and Wehner, 2009). Due to 

their experimental design these episodes cannot be duplicated with 
the same timing as the observed episodes in most of the model simu-
lations; this affects the interpretation of recent trends in the scenario 
evaluations (Section 11.2). Notwithstanding these points, there is evi-
dence that early forecasts that carried formal estimates of uncertainty 
have proved highly consistent with subsequent observations (Allen et 
al., 2013). If the contributions of solar variability, volcanic activity and 
ENSO are removed from the observations the remaining trend of sur-
face air temperature agree better with the modelling studies (Rahm-
storf et al., 2012).

1.3.2 Greenhouse Gas Concentrations

Key indicators of global climate change also include the changing con-
centrations of the radiatively important GHGs that are significant driv-
ers for this change (e.g., Denman et al., 2007; Forster et al., 2007). Fig-
ures 1.5 through 1.7 show the recent globally and annually averaged 
observed concentrations for the gases of most concern, CO2, CH4, and 
N2O (see Sections 2.2, 6.3 and 8.3 for more detailed discussion of these 
and other key gases). As discussed in the later chapters, accurate meas-
urements of these long-lived gases come from a number of monitoring 
stations throughout the world. The observations in these figures are 
compared with the projections from the previous IPCC assessments.

The model simulations begin with historical emissions up to 1990. The 
further evolution of these gases was described by scenario projections. 
TAR and AR4 model concentrations after 1990 are based on the SRES 

Figure 1.5 |  Observed globally and annually averaged CO2 concentrations in parts per million (ppm) since 1950 compared with projections from the previous IPCC assessments. 
Observed global annual CO2 concentrations are shown in dark blue. The shading shows the largest model projected range of global annual CO2 concentrations from 1950 to 2035 
from FAR (Figure A.3 in the Summary for Policymakers of IPCC, 1990); SAR (Figure 5b in the Technical Summary of IPCC, 1996); TAR (Appendix II of IPCC, 2001); and from the A2, 
A1B and B1 scenarios presented in the AR4 (Figure 10.26 in Meehl et al., 2007). The bars at the right-hand side of the graph show the full range given for 2035 for each assessment 
report. The publication years of the assessment reports are shown. See Appendix 1.A for details on the data and calculations used to create this figure.
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Figure 1.7 | Observed globally and annually averaged N2O concentrations in parts per billion (ppb) since 1950 compared with projections from the previous IPCC assessments. 
Observed global annual N2O concentrations are shown in dark blue. The shading shows the largest model projected range of global annual N2O concentrations from 1950 to 2035 
from FAR (Figure A3 in the Annex of IPCC, 1990), SAR (Table 2.5b in Schimel et al., 1996), TAR (Appendix II of IPCC, 2001), and from the A2, A1B and B1 scenarios presented in 
the AR4 (Figure 10.26 in Meehl et al., 2007). The bars at the right hand side of the graph show the full range given for 2035 for each assessment report. The publication years of 
the assessment reports are shown. See Appendix 1.A for details on the data and calculations used to create this figure.

Figure 1.6 |  Observed globally and annually averaged CH4 concentrations in parts per billion (ppb) since 1950 compared with projections from the previous IPCC assessments. 
Estimated observed global annual CH4 concentrations are shown in dark blue. The shading shows the largest model projected range of global annual CH4 concentrations from 1950 
to 2035 from FAR (Figure A.3 of the Annex of IPCC, 1990); SAR (Table 2.5a in Schimel et al., 1996); TAR (Appendix II of IPCC, 2001); and from the A2, A1B and B1 scenarios pre-
sented in the AR4 (Figure 10.26 in Meehl et al., 2007). The bars at the right-hand side of the graph show the full range given for 2035 for each assessment report. The publication 
years of the assessment reports are shown. See Appendix 1.A for details on the data and calculations used to create this figure.
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scenarios but those model results may also account for historical emis-
sions analyses. The recent observed trends in CO2 concentrations tend 
to be in the middle of the scenarios used for the projections (Figure 
1.5).

As discussed in Dlugokencky et al. (2009), trends in CH4 showed a 
stabilization from 1999 to 2006, but CH4 concentrations have been 
increasing again starting in 2007 (see Sections 2.2 and 6.3 for more 
discussion on the budget and changing concentration trends for CH4). 
Because at the time the scenarios were developed (e.g., the SRES 
scenarios were developed in 2000), it was thought that past trends 
would continue, the scenarios used and the resulting model projec-
tions assumed in FAR through AR4 all show larger increases than those 
observed (Figure 1.6).

Concentrations of N2O have continued to increase at a nearly constant 
rate (Elkins and Dutton, 2010) since about 1970 as shown in Figure 
1.7. The observed trends tend to be in the lower part of the projections 
for the previous assessments.

1.3.3 Extreme Events

Climate change, whether driven by natural or human forcings, can lead 
to changes in the likelihood of the occurrence or strength of extreme 
weather and climate events such as extreme precipitation events or 
warm spells (see Chapter 3 of the IPCC Special Report on Managing 
the Risks of Extreme Events and Disasters to Advance Climate Change 
Adaptation (SREX); Seneviratne et al., 2012). An extreme weather 
event is one that is rare at a particular place and/or time of year. Defi-
nitions of ‘rare’ vary, but an extreme weather event would normally 
be as rare as or rarer than the 10th or 90th percentile of a probabili-
ty density function estimated from observations (see also Glossary in 
Annex III and FAQ 2.2). By definition, the characteristics of what is 
called extreme weather may vary from place to place in an absolute 
sense. At present, single extreme events cannot generally be directly 
attributed to anthropogenic influence, although the change in likeli-
hood for the event to occur has been determined for some events by 
accounting for observed changes in climate (see Section 10.6). When 
a pattern of extreme weather persists for some time, such as a season, 
it may be classified as an extreme climate event, especially if it yields 
an average or total that is itself extreme (e.g., drought or heavy rainfall 
over a season). For some climate extremes such as drought, floods and 
heat waves, several factors such as duration and intensity need to be 
combined to produce an extreme event (Seneviratne et al., 2012).

The probability of occurrence of values of a climate or weather variable 
can be described by a probability density function (PDF) that for some 
variables (e.g., temperature) is shaped similar to a Gaussian curve. A 
PDF is a function that indicates the relative chances of occurrence of 
different outcomes of a variable. Simple statistical reasoning indicates 
that substantial changes in the frequency of extreme events (e.g., the 
maximum possible 24-hour rainfall at a specific location) can result 
from a relatively small shift in the distribution of a weather or climate 
variable. Figure 1.8a shows a schematic of such a PDF and illustrates 
the effect of a small shift in the mean of a variable on the frequency of 
extremes at either end of the distribution. An increase in the frequency 
of one extreme (e.g., the number of hot days) can be accompanied by 

Figure 1.8 |  Schematic representations of the probability density function of daily tem-
perature, which tends to be approximately Gaussian, and daily precipitation, which has 
a skewed distribution. Dashed lines represent a previous distribution and solid lines a 
changed distribution. The probability of occurrence, or frequency, of extremes is denoted 
by the shaded areas. In the case of temperature, changes in the frequencies of extremes 
are affected by changes (a) in the mean, (b) in the variance or shape, and (c) in both 
the mean and the variance. (d) In a skewed distribution such as that of precipitation, a 
change in the mean of the distribution generally affects its variability or spread, and thus 
an increase in mean precipitation would also imply an increase in heavy precipitation 
extremes, and vice-versa. In addition, the shape of the right-hand tail could also change, 
affecting extremes. Furthermore, climate change may alter the frequency of precipita-
tion and the duration of dry spells between precipitation events. (Parts a–c modified 
from Folland et al., 2001, and d modified from Peterson et al., 2008, as in Zhang and 
Zwiers, 2012.)
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Figure 1.9 |  Change in the confidence levels for extreme events based on prior IPCC assessments: TAR, AR4 and SREX. Types of extreme events discussed in all three reports are 
highlighted in green. Confidence levels are defined in Section 1.4. Similar analyses for AR5 are discussed in later chapters. Please note that the nomenclature for confidence level 
changed from AR4 to SREX and AR5.

a decline in the opposite extreme (in this case the number of cold days 
such as frost days). Changes in the variability, skewness or the shape 
of the distribution can complicate this simple picture (Figure 1.8b, c 
and d).

While the SAR found that data and analyses of extremes related to cli-
mate change were sparse, improved monitoring and data for changes 
in extremes were available for the TAR, and climate models were being 
analysed to provide projections of extremes. In AR4, the observation-
al basis of analyses of extremes had increased substantially, so that 
some extremes were now examined over most land areas (e.g., rainfall 
extremes). More models with higher resolution, and a larger number 

of regional models have been used in the simulation and projection of 
extremes, and ensemble integrations now provide information about 
PDFs and extremes.

Since the TAR, climate change studies have especially focused on 
changes in the global statistics of extremes, and observed and pro-
jected changes in extremes have been compiled in the so-called 
‘Extremes’-Table (Figure 1.9). This table has been modified further to 
account for the SREX assessment. For some extremes (‘higher maximum 
temperature’, ‘higher minimum temperature’, ‘precipitation extremes’, 
‘droughts or dryness’), all of these assessments found an increasing 
trend in the observations and in the projections. In the observations for 

1 More intense precipitation events
² Heavy precipitation events. Frequency (or proportion of total rainfall from heavy falls) increases
³ Statistically significant trends in the number of heavy precipitation events in some regions. It is likely that more of these regions have experienced increases than decreases. 
4 See SREX Table 3-3 for details on precipitation extremes for the different regions.
5 Increased summer continental drying and associated risk of drought
6 Area affected by droughts increases
7 Some areas include southern Europe and the Mediterranean region, central Europe, central North America and Mexico, northeast Brazil and southern Africa
8 Increase in tropical cyclone peak wind intensities
9 Increase in intense tropical cyclone activity 
10 In any observed long-term (i.e., 40 years or more) after accounting for past changes in observing capabilities (see SREX, section 3.4.4) 
11 Increase in average tropical cyclone maximum wind speed is, although not in all ocean basins; either decrease or no change in the global frequency of tropical cyclones
12 Increase in extreme coastal high water worldwide related to increases in mean sea level in the late 20th century
13 Mean sea level rise will contribute to upward trends in extreme coastal high water levels

1

Introduction Chapter 1

137

AR4TARSARFAR

1950 1960 1970 1980 1990 2000 2010 2020 2030

−5

0

5

10

15

20

25

30

35

Year

Gl
ob

al 
me

an
 se

a l
ev

el 
ris

e (
cm

)

FAR

SAR

TAR

A1BA2B1

Church et al.
(2011)

Estimates derived from sea-surface altimetry

Estimates derived from tide-gauge data}

Figure 1.10 |  Estimated changes in the observed global annual mean sea level (GMSL) since 1950 relative to 1961–1990. Estimated changes in global annual sea level anomalies 
are presented based on tide gauge data (warm mustard: Jevrejeva et al., 2008; dark blue: Church and White, 2011; dark green: Ray and Douglas, 2011) and based on sea surface 
altimetry (light blue). The altimetry data start in 1993 and are harmonized to start from the mean 1993 value of the tide gauge data. Squares indicate annual mean values and 
solid lines smoothed values. The shading shows the largest model projected range of global annual sea level rise from 1950 to 2035 for FAR (Figures 9.6 and 9.7 in Warrick and 
Oerlemans, 1990), SAR (Figure 21 in TS of IPCC, 1996), TAR (Appendix II of IPCC, 2001) and for Church et al. (2011) based on the Coupled Model Intercomparison Project Phase 
3 (CMIP3) model results not assessed at the time of AR4 using the SRES B1, A1B and A2 scenarios. Note that in the AR4 no full range was given for the sea level projections for 
this period. Therefore, the figure shows results that have been published subsequent to the AR4. The bars at the right-hand side of the graph show the full range given for 2035 for 
each assessment report. For Church et al. (2011) the mean sea level rise is indicated in addition to the full range. See Appendix 1.A for details on the data and calculations used 
to create this figure.

Sea ice extent has been diminishing significantly faster than projected 
by most of the AR4 climate models (SWIPA, 2011). While AR4 found no 
consistent trends in Antarctica sea ice, more recent studies indicate a 
small increase (Section 4.2). Various studies since AR4 suggest that this 
has resulted in a deepening of the low-pressure systems in West Ant-
arctica that in turn caused stronger winds and enhanced ice production 
in the Ross Sea (Goosse et al., 2009; Turner and Overland, 2009).

AR4 concluded that taken together, the ice sheets in Greenland and 
Antarctica have very likely been contributing to sea level rise. The 
Greenland Ice Sheet has lost mass since the early 1990s and the rate 
of loss has increased (see Section 4.4). The interior, high-altitude areas 
are thickening due to increased snow accumulation, but this is more 
than counterbalanced by the ice loss due to melt and ice discharge 
(AMAP, 2009; Ettema et al., 2009). Since 1979, the area experiencing 
surface melting has increased significantly (Tedesco, 2007; Mernild et 
al., 2009), with 2010 breaking the record for surface melt area, runoff, 
and mass loss, and the unprecedented areal extent of surface melt of 
the Greenland Ice Sheet in 2012 (Nghiem et al., 2012). Overall, the 
Antarctic continent now experiences a net loss of ice (Section 4.4). 
Significant mass loss has been occurring in the Amundsen Sea sector 

of West Antarctica and the northern Antarctic Peninsula. The ice sheet 
on the rest of the continent is relatively stable or thickening slightly 
(Lemke et al., 2007; Scott et al., 2009; Turner et al., 2009). Since AR4, 
there have been improvements in techniques of measurement, such as 
gravity, altimetry and mass balance, and understanding of the change 
(Section 4.4).

As discussed in the earlier assessments, most glaciers around the globe 
have been shrinking since the end of the Little Ice Age, with increasing 
rates of ice loss since the early 1980s (Section 4.3). The vertical profiles 
of temperature measured through the entire thickness of mountain 
glaciers, or through ice sheets, provide clear evidence of a warming 
climate over recent decades (e.g., Lüthi and Funk, 2001; Hoelzle et al., 
2011). As noted in AR4, the greatest mass losses per unit area in the 
last four decades have been observed in Patagonia, Alaska, northwest 
USA, southwest Canada, the European Alps, and the Arctic. Alaska and 
the Arctic are especially important regions as contributors to sea level 
rise (Zemp et al., 2008, 2009).
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FAQ 1.1 (continued)

Projections for the next few years and decades are sensitive to emissions of short-lived compounds such as aerosols 
and methane. More distant projections, however, are more sensitive to alternative scenarios around long-lived GHG 
emissions. These scenario-dependent uncertainties will not be reduced by improvements in climate science, and will 
become the dominant uncertainty in projections over longer timescales (e.g., 2100) (FAQ 1.1, Figure 1).

The final contribution to the uncertainty range comes from our imperfect knowledge of how the climate will 
respond to future anthropogenic emissions and land use change. Scientists principally use computer-based global 
climate models to estimate this response. A few dozen global climate models have been developed by different 
groups of scientists around the world. All models are built on the same physical principles, but some approximations 
are needed because the climate system is so complex. Different groups choose slightly different approximations 
to represent specific processes in the atmosphere, such as clouds. These choices produce differences in climate 
projections from different models. This contribution to the uncertainty range is described as ‘response uncertainty’ 
or ‘model uncertainty’.

The complexity of the Earth system means that future climate could follow many different scenarios, yet still 
be consistent with current understanding and models. As observational records lengthen and models improve, 
researchers should be able, within the limitations of the range of natural variability, to narrow that range in 
probable temperature in the next few decades (FAQ 1.1, Figure 1). It is also possible to use information about the 
current state of the oceans and cryosphere to produce better projections up to a few years ahead.

As science improves, new geophysical processes can be added to climate models, and representations of those 
already included can be improved. These developments can appear to increase model-derived estimates of climate 
response uncertainty, but such increases merely reflect the quantification of previously unmeasured sources of 
uncertainty (FAQ1.1, Figure 1). As more and more important processes are added, the influence of unquantified 
processes lessens, and there can be more confidence in the projections.
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FAQ 1.1, Figure 1 | Schematic diagram showing the relative importance of different uncertainties, and their evolution in time. (a) Decadal mean surface temperature 
change (°C) from the historical record (black line), with climate model estimates of uncertainty for historical period (grey), along with future climate projections and 
uncertainty. Values are normalised by means from 1961 to 1980. Natural variability (orange) derives from model interannual variability, and is assumed constant with 
time. Emission uncertainty (green) is estimated as the model mean difference in projections from different scenarios. Climate response uncertainty (blue-solid) is based 
on climate model spread, along with added uncertainties from the carbon cycle, as well as rough estimates of additional uncertainty from poorly modelled processes. 
Based on Hawkins and Sutton (2011) and Huntingford et al. (2009). (b) Climate response uncertainty can appear to increase when a new process is discovered to be 
relevant, but such increases reflect a quantification of previously unmeasured uncertainty, or (c) can decrease with additional model improvements and observational 
constraints. The given uncertainty range of 90% means that the temperature is estimated to be in that range, with a probability of 90%.
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87.5 km x 87.5 km

30.0 km x 30.0 km

a)

b)

Figure 1.14 | Horizontal resolutions considered in today’s higher resolution models and in the very high resolution models now being tested: (a) Illustration of the European 
topography at a resolution of 87.5 × 87.5 km; (b) same as (a) but for a resolution of 30.0 × 30.0 km.

There has been a continuing increase in horizontal and vertical resolu-
tion. This is especially seen in how the ocean grids have been refined, 
and sophisticated grids are now used in the ocean and atmosphere 
models making optimal use of parallel computer architectures. More 
models with higher resolution are available for more regions. Figure 
1.14a and 1.14b show the large effect on surface representation from 
a horizontal grid spacing of 87.5 km (higher resolution than most cur-
rent global models and similar to that used in today’s highly resolved 
models) to a grid spacing of 30.0 km (similar to the current regional 
climate models).

Representations of Earth system processes are much more extensive 
and improved, particularly for the radiation and the aerosol cloud inter-
actions and for the treatment of the cryosphere. The representation of 
the carbon cycle was added to a larger number of models and has been 
improved since AR4. A high-resolution stratosphere is now included in 
many models. Other ongoing process development in climate models 
includes the enhanced representation of nitrogen effects on the carbon 
cycle. As new processes or treatments are added to the models, they 
are also evaluated and tested relative to available observations (see 
Chapter 9  for more detailed discussion).
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1.6 Overview and Road Map to the Rest  
of the Report

As this chapter has shown, understanding of the climate system and 
the changes occurring in it continue to advance. The notable scientific 
advances and associated peer-reviewed publications since AR4 provide 
the basis for the assessment of the science as found in Chapters 2 to 
14. Below a quick summary of these chapters and their objectives is 
provided.

Observations and Paleoclimate Information (Chapters 2, 3, 4 and 
5): These chapters assess information from all climate system compo-
nents on climate variability and change as obtained from instrumental 
records and climate archives. This group of chapters covers all relevant 
aspects of the atmosphere including the stratosphere, the land surface, 
the oceans and the cryosphere. Information on the water cycle, includ-
ing evaporation, precipitation, runoff, soil moisture, floods, drought, 
etc. is assessed. Timescales from daily to decades (Chapters 2, 3 and 
4) and from centuries to many millennia (Chapter 5) are considered.

Process Understanding (Chapters 6 and 7): These chapters cover 
all relevant aspects from observations and process understanding, to 
projections from global to regional scale. Chapter 6 covers the carbon 
cycle and its interactions with other biogeochemical cycles, in  particular 
the nitrogen cycle, as well as feedbacks on the climate system. Chapter 
7 treats in detail clouds and aerosols, their interactions and chemistry, 
the role of water vapour, as well as their role in feedbacks on the cli-
mate system.

From Forcing to Attribution of Climate Change (Chapters 8, 9 
and 10): In these chapters, all the information on the different drivers 
(natural and anthropogenic) of climate change is collected, expressed 
in terms of RF, and assessed (Chapter 8). As part of this, the science of 
metrics commonly used in the literature to compare radiative effects 
from a range of agents (Global Warming Potential, Global Temperature 
Change Potential and others) is covered. In Chapter 9, the hierarchy of 
climate models used in simulating past and present climate change is 
assessed. Information regarding detection and attribution of changes 
on global to regional scales is assessed in Chapter 10.

Future Climate Change and Predictability (Chapters 11 and 12): 
These chapters assess projections of future climate change derived from 
climate models on timescales from decades to centuries at both global 
and regional scales, including mean changes, variability and extremes. 
Fundamental questions related to the predictability of  climate as well 
as long-term climate change, climate change commitments and inertia 
in the climate system are addressed.

Integration (Chapters 13 and 14): These chapters integrate all rel-
evant information for two key topics in WGI AR5: sea level change 
(Chapter 13) and climate phenomena across the regions (Chapter 14). 
Chapter 13 assesses information on sea level change ranging from 
observations and process understanding to projections from global 
to regional scales. Chapter 14 assesses the most important modes of 
variability in the climate system and extreme events. Furthermore, this 
chapter deals with interconnections between the climate phenome-
na, their regional expressions, and their relevance for future regional 

climate change. Maps produced and assessed in Chapter 14, together 
with Chapters 11 and 12, form the basis of the Atlas of Global and 
Regional Climate Projections in Annex I. RFs and estimates of future 
atmospheric concentrations from Chapters 7, 8, 11 and 12 form the 
basis of the Climate System Scenario Tables in Annex II.

1.6.1 Topical Issues

A number of topical issues are discussed throughout the assessment. 
These issues include those of areas where there is contention in the 
peer-reviewed literature and where questions have been raised that 
are being addressed through ongoing research. Table 1.3 provides a 
non-comprehensive list of many of these and the chapters where they 
are discussed.

Topic Section
Abrupt change and irreversibility 5.7, 12.5, 13.4

Aerosols 6.4, 7.3, 7.4, 7.5, 7.6, 8.3, 11.3, 14.1

Antarctic climate change 5.8, 9.4, 10.3, 13.3

Arctic sea ice change 4.2, 5.5, 9.4, 10.3, 11.3, 12.4

Hydrological cycle changes 2.5, 2.6, 3.3, 3.4, 3.5, 7.6, 10.3, 12.4

Carbon-climate feedbacks 6.4, 12.4

Climate sensitivity 5.3, 9.7, 10.8, 12.5

Climate stabilization 6.3, 6.4, 12.5

Cloud feedbacks 5.3, 7.2, 9.7, 11.3, 12.4

Cosmic ray effects on clouds 7.4

Decadal climate variability 5.3, 9.5, 10.3

Earth’s Energy (trends, distribution and 
budget) 

2.3, 3.2, 13.3

El Niño-Southern Oscillation 2.7, 5.4, 9.4, 9.5, 14.4

Geo-engineering 6.4, 7.7

Glacier change 4.3, 5.5, 10.5, 13.3

Ice sheet dynamics and mass balance 
assessment 

4.4, 5.3, 5.6, 10.5, 13.3

Monsoons 2.7, 5.5, 9.5, 14.2

Ocean acidification 3.8, 6.4

Permafrost change 4.7, 6.3, 10.5

Solar effects on climate change 5.2, 8.4

Sea level change, including regional effects 3.7, 5.6, 13.1

Temperature trends since 1998 2.4, 3.2, 9.4

Tropical cyclones 2.6, 10.6, 14.6

Upper troposphere temperature trends 2.4, 9.4

Table 1.3 |  Key topical issues discussed in the assessment.
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13.1.3 Processes Affecting Sea Level 

This chapter focusses on processes within the ocean, atmosphere, land 
ice, and hydrological cycle that are climate sensitive and are expected 
to contribute to sea level change at regional to global scales in the 
coming decades to centuries (Figure 13.1). Figure 13.2 is a navigation 
aid for the different sections of this chapter and sections of other chap-
ters that are relevant to sea level change.

Changes in ocean currents, ocean density and sea level are all tightly 
coupled such that changes at one location impact local sea level and 
sea level far from the location of the initial change, including changes 
in sea level at the coast in response to changes in open-ocean tem-
perature (Landerer et al., 2007; Yin et al., 2010). Although both tem-
perature and salinity changes can contribute significantly to region-
al sea level change (Church et al., 2010), only temperature change 
produces a significant contribution to global average ocean volume 
change due to thermal expansion or contraction (Gregory and Lowe, 
2000). Regional atmospheric pressure anomalies also cause sea level 
to vary through atmospheric loading (Wunsch and Stammer, 1997). All 
of these climate-sensitive processes cause sea level to vary on a broad 
range of space and time scales from relatively short-lived events, such 
as waves and storm surges, to sustained changes over several decades 
or centuries that are associated with atmospheric and ocean modes of 
climate variability (White et al., 2005; Miller and Douglas, 2007; Zhang 
and Church, 2012).

Water and ice mass exchange between the land and the oceans leads 
to a change in GMSL. A signal of added mass to the ocean propagates 
rapidly around the globe such that all regions experience a sea level 
change within days of the mass being added (Lorbacher et al., 2012). 
In addition, an influx of freshwater changes ocean temperature and 
salinity and thus changes ocean currents and local sea level  (Stammer, 
2008; Yin et al., 2009), with signals taking decades to propagate around 

Figure 13.1 |  Climate-sensitive processes and components that can influence global and regional sea level and are considered in this chapter. Changes in any one of the com-
ponents or processes shown will result in a sea level change. The term ‘ocean properties’ refers to ocean temperature, salinity and density, which influence and are dependent on 
ocean circulation. Both relative and geocentric sea level vary with position. Note that the geocenter is not shown.

the global ocean. The coupled atmosphere–ocean system can also 
adjust to temperature anomalies associated with surface freshwater 
anomalies through air–sea feedbacks, resulting in dynamical adjust-
ments of sea level (Okumura et al., 2009; Stammer et al., 2011). Water 
mass exchange between land and the ocean also results in patterns 
of sea level change called ‘sea level fingerprints’ (Clark and Lingle, 
1977; Conrad and Hager, 1997; Mitrovica et al., 2001) due to change in 
the gravity field and vertical movement of the ocean floor associated 
with visco-elastic Earth deformation (Farrell and Clark, 1976). These 
changes in mass distribution also affect the Earth’s inertia tensor and 
therefore rotation, which produces an additional sea level response 
(Milne and Mitrovica, 1998). 

There are other processes that affect sea level but are not associated 
with contemporary climate change. Some of these result in changes 
that are large enough to influence the interpretation of observational 
records and sea level projections at regional and global scales. In par-
ticular, surface mass transfer from land ice to oceans during the last 
deglaciation contributes significantly to present-day sea level change 
due to the ongoing visco-elastic deformation of the Earth and the cor-
responding changes of the ocean floor height and gravity (referred to 
as glacial isostatic adjustment (GIA)) (Lambeck and Nakiboglu, 1984; 
Peltier and Tushingham, 1991). Ice sheets also have long response 
times and so continue to respond to past climate change (Section 
13.1.5).

Anthropogenic processes that influence the amount of water stored in 
the ground or on its surface in lakes and reservoirs, or cause changes in 
land surface characteristics that influence runoff or evapotranspiration 
rates, will perturb the hydrological cycle and cause sea level change 
(Sahagian, 2000; Wada et al., 2010). Such processes include water 
impoundment (dams, reservoirs), irrigation schemes, and groundwater 
depletion (Section 13.4.5). 
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