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1 In this Summary for Policymakers, the following summary terms are used to describe the available evidence: limited, medium, or robust; and for the degree of agreement: 
low, medium, or high. A level of confidence is expressed using five qualifiers: very low, low, medium, high, and very high, and typeset in italics, e.g., medium confidence. 
For a given evidence and agreement statement, different confidence levels can be assigned, but increasing levels of evidence and degrees of agreement are correlated with 
increasing confidence (see Chapter 1 and Box TS.1 for more details).

2 In this Summary for Policymakers, the following terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, 
very likely 90–100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely likely: 
95–100%, more likely than not >50–100%, and extremely unlikely 0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics, e.g., very likely (see 
Chapter 1 and Box TS.1 for more details).

Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to millennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, sea level has risen, and the 
concentrations of greenhouse gases have increased (see Figures SPM.1, SPM.2, SPM.3 and 
SPM.4). {2.2, 2.4, 3.2, 3.7, 4.2–4.7, 5.2, 5.3, 5.5–5.6, 6.2, 13.2}

A. Introduction

The Working Group I contribution to the IPCC’s Fifth Assessment Report (AR5) considers new evidence of climate change 
based on many independent scientific analyses from observations of the climate system, paleoclimate archives, theoretical 
studies of climate processes and simulations using climate models. It builds upon the Working Group I contribution to the 
IPCC’s Fourth Assessment Report (AR4), and incorporates subsequent new findings of research. As a component of the 
fifth assessment cycle, the IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation (SREX) is an important basis for information on changing weather and climate extremes.

This Summary for Policymakers (SPM) follows the structure of the Working Group I report. The narrative is supported by a 
series of overarching highlighted conclusions which, taken together, provide a concise summary. Main sections are introduced 
with a brief paragraph in italics which outlines the methodological basis of the assessment.

The degree of certainty in key findings in this assessment is based on the author teams’ evaluations of underlying scientific 
understanding and is expressed as a qualitative level of confidence (from very low to very high) and, when possible, 
probabilistically with a quantified likelihood (from exceptionally unlikely to virtually certain). Confidence in the validity of 
a finding is based on the type, amount, quality, and consistency of evidence (e.g., data, mechanistic understanding, theory, 
models, expert judgment) and the degree of agreement1. Probabilistic estimates of quantified measures of uncertainty in a 
finding are based on statistical analysis of observations or model results, or both, and expert judgment2. Where appropriate, 
findings are also formulated as statements of fact without using uncertainty qualifiers. (See Chapter 1 and Box TS.1 for more 
details about the specific language the IPCC uses to communicate uncertainty).

The basis for substantive paragraphs in this Summary for Policymakers can be found in the chapter sections of the underlying 
report and in the Technical Summary. These references are given in curly brackets. 

B. Observed Changes in the Climate System

Observations of the climate system are based on direct measurements and remote sensing from satellites and other platforms. 
Global-scale observations from the instrumental era began in the mid-19th century for temperature and other variables, with 
more comprehensive and diverse sets of observations available for the period 1950 onwards. Paleoclimate reconstructions 
extend some records back hundreds to millions of years. Together, they provide a comprehensive view of the variability and 
long-term changes in the atmosphere, the ocean, the cryosphere, and the land surface.
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• The basis for higher projections of global mean sea level rise in the 21st century has been considered and it has been 
concluded that there is currently insufficient evidence to evaluate the probability of specific levels above the assessed 
likely range. Many semi-empirical model projections of global mean sea level rise are higher than process-based model 
projections (up to about twice as large), but there is no consensus in the scientific community about their reliability and 
there is thus low confidence in their projections. {13.5}

• Sea level rise will not be uniform. By the end of the 21st century, it is very likely that sea level will rise in more than about 
95% of the ocean area.  About 70% of the coastlines worldwide are projected to experience sea level change within 20% 
of the global mean sea level change. {13.1, 13.6}

E.7 Carbon and Other Biogeochemical Cycles

Climate change will affect carbon cycle processes in a way that will exacerbate the increase 
of CO2 in the atmosphere (high confidence). Further uptake of carbon by the ocean will 
increase ocean acidification. {6.4}

• Ocean uptake of anthropogenic CO2 will continue under all four RCPs through to 2100, with higher uptake for higher 
concentration pathways (very high confidence). The future evolution of the land carbon uptake is less certain. A majority 
of models projects a continued land carbon uptake under all RCPs, but some models simulate a land carbon loss due to 
the combined effect of climate change and land use change. {6.4}

• Based on Earth System Models, there is high confidence that the feedback between climate and the carbon cycle is 
positive in the 21st century; that is, climate change will partially offset increases in land and ocean carbon sinks caused 
by rising atmospheric CO2. As a result more of the emitted anthropogenic CO2 will remain in the atmosphere. A positive 
feedback between climate and the carbon cycle on century to millennial time scales is supported by paleoclimate 
observations and modelling. {6.2, 6.4}
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Figure SPM.9 | Projections of global mean sea level rise over the 21st century relative to 1986–2005 from the combination of the CMIP5 ensemble 
with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed likely ranges for the mean 
over the period 2081–2100 for all RCP scenarios are given as coloured vertical bars, with the corresponding median value given as a horizontal 
line. For further technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures TS.21 and TS.22}
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• Earth System Models project a global increase in ocean acidification for all RCP scenarios. The corresponding decrease in 
surface ocean pH by the end of 21st century is in the range18 of 0.06 to 0.07 for RCP2.6, 0.14 to 0.15 for RCP4.5, 0.20 to 
0.21 for RCP6.0, and 0.30 to 0.32 for RCP8.5 (see Figures SPM.7 and SPM.8). {6.4}

• Cumulative CO2 emissions20 for the 2012 to 2100 period compatible with the RCP atmospheric CO2 concentrations, as 
derived from 15 Earth System Models, range18 from 140 to 410 GtC for RCP2.6, 595 to 1005 GtC for RCP4.5, 840 to 1250 
GtC for RCP6.0, and 1415 to 1910 GtC for RCP8.5 (see Table SPM.3). {6.4}

• By 2050, annual CO2 emissions derived from Earth System Models following RCP2.6 are smaller than 1990 emissions (by 
14 to 96%). By the end of the 21st century, about half of the models infer emissions slightly above zero, while the other 
half infer a net removal of CO2 from the atmosphere. {6.4, Figure TS.19} 

• The release of CO2 or CH4 to the atmosphere from thawing permafrost carbon stocks over the 21st century is assessed to 
be in the range of 50 to 250 GtC for RCP8.5 (low confidence). {6.4}

E.8 Climate Stabilization, Climate Change Commitment and Irreversibility

Cumulative emissions of CO2 largely determine global mean surface warming by the late 21st 
century and beyond (see Figure SPM.10). Most aspects of climate change will persist for many 
centuries even if emissions of CO2 are stopped. This represents a substantial multi-century 
climate change commitment created by past, present and future emissions of CO2. {12.5}

• Cumulative total emissions of CO2 and global mean surface temperature response are approximately linearly related (see 
Figure SPM.10). Any given level of warming is associated with a range of cumulative CO2 emissions21, and therefore, e.g., 
higher emissions in earlier decades imply lower emissions later. {12.5}

• Limiting the warming caused by anthropogenic CO2 emissions alone with a probability of >33%, >50%, and >66% to 
less than 2°C since the period 1861–188022, will require cumulative CO2 emissions from all anthropogenic sources to stay 
between 0 and about 1570 GtC (5760 GtCO2), 0 and about 1210 GtC (4440 GtCO2), and 0 and about 1000 GtC (3670 
GtCO2) since that period, respectively23. These upper amounts are reduced to about 900 GtC (3300 GtCO2), 820 GtC (3010 
GtCO2), and 790 GtC (2900 GtCO2), respectively, when accounting for non-CO2 forcings as in RCP2.6. An amount of 515 
[445 to 585] GtC (1890 [1630 to 2150] GtCO2), was already emitted by 2011. {12.5}

20 From fossil fuel, cement, industry, and waste sectors.
21 Quantification of this range of CO2 emissions requires taking into account non-CO2 drivers.
22  The first 20-year period available from the models.
23  This is based on the assessment of the transient climate response to cumulative carbon emissions (TCRE, see Section D.2).

Table SPM.3 | Cumulative CO2 emissions for the 2012 to 2100 period compatible with the RCP atmospheric concentrations simulated by the CMIP5 
Earth System Models. {6.4, Table 6.12, Figure TS.19}

Scenario

Cumulative CO2 Emissions 2012 to 2100a

GtC GtCO2

Mean Range Mean Range

RCP2.6 270 140 to 410 990 510 to 1505

RCP4.5 780 595 to 1005 2860 2180 to 3690

RCP6.0 1060 840 to 1250 3885 3080 to 4585

RCP8.5 1685 1415 to 1910 6180 5185 to 7005

Notes:
a 1 Gigatonne of carbon = 1 GtC = 1015 grams of carbon. This corresponds to 3.667 GtCO2. 



SPM

Summary for Policymakers

28

• A lower warming target, or a higher likelihood of remaining below a specific warming target, will require lower cumulative 
CO2  emissions. Accounting for warming effects of increases in non-CO2 greenhouse gases, reductions in aerosols, or the 
release of greenhouse gases from permafrost will also lower the cumulative CO2 emissions for a specific warming target 
(see Figure SPM.10). {12.5}

• A large fraction of anthropogenic climate change resulting from CO2 emissions is irreversible on a multi-century to 
millennial time scale, except in the case of a large net removal of CO2 from the atmosphere over a sustained period. 
Surface temperatures will remain approximately constant at elevated levels for many centuries after a complete cessation 
of net anthropogenic CO2 emissions. Due to the long time scales of heat transfer from the ocean surface to depth, ocean 
warming will continue for centuries. Depending on the scenario, about 15 to 40% of emitted CO2 will remain in the 
atmosphere longer than 1,000 years. {Box 6.1, 12.4, 12.5} 

• It is virtually certain that global mean sea level rise will continue beyond 2100, with sea level rise due to thermal 
expansion to continue for many centuries. The few available model results that go beyond 2100 indicate global mean 
sea level rise above the pre-industrial level by 2300 to be less than 1 m for a radiative forcing that corresponds to CO2 
concentrations that peak and decline and remain below 500 ppm, as in the scenario RCP2.6. For a radiative forcing that 
corresponds to a CO2 concentration that is above 700 ppm but below 1500 ppm, as in the scenario RCP8.5, the projected 
rise is 1 m to more than 3 m (medium confidence). {13.5}

Figure SPM.10 |  Global mean surface temperature increase as a function of cumulative total global CO2 emissions from various lines of evidence. Multi-
model results from a hierarchy of climate-carbon cycle models for each RCP until 2100 are shown with coloured lines and decadal means (dots). Some 
decadal means are labeled for clarity (e.g., 2050 indicating the decade 2040−2049). Model results over the historical period (1860 to 2010) are indicated 
in black. The coloured plume illustrates the multi-model spread over the four RCP scenarios and fades with the decreasing number of available models 
in RCP8.5. The multi-model mean and range simulated by CMIP5 models, forced by a CO2 increase of 1% per year (1% yr–1 CO2 simulations), is given by 
the thin black line and grey area. For a specific amount of cumulative CO2 emissions, the 1% per year CO2 simulations exhibit lower warming than those 
driven by RCPs, which include additional non-CO2 forcings.  Temperature values are given relative to the 1861−1880 base period, emissions relative to 
1870. Decadal averages are connected by straight lines. For further technical details see the Technical Summary Supplementary Material. {Figure 12.45; 
TS TFE.8, Figure 1}
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• Sustained mass loss by ice sheets would cause larger sea level rise, and some part of the mass loss might be irreversible. 
There is high confidence that sustained warming greater than some threshold would lead to the near-complete loss of 
the Greenland ice sheet over a millennium or more, causing a global mean sea level rise of up to 7 m. Current estimates 
indicate that the threshold is greater than about 1°C (low confidence) but less than about 4°C (medium confidence) 
global mean warming with respect to pre-industrial. Abrupt and irreversible ice loss from a potential instability of marine-
based sectors of the Antarctic ice sheet in response to climate forcing is possible, but current evidence and understanding 
is insufficient to make a quantitative assessment. {5.8, 13.4, 13.5}

• Methods that aim to deliberately alter the climate system to counter climate change, termed geoengineering, have been 
proposed. Limited evidence precludes a comprehensive quantitative assessment of both Solar Radiation Management 
(SRM) and Carbon D ioxide Removal (CDR) and their impact on the climate system. CDR methods have biogeochemical 
and technological limitations to their potential on a global scale. There is insufficient knowledge to quantify how 
much CO2 emissions could be partially offset by CDR on a century timescale. Modelling indicates that SRM methods, if 
realizable, have the potential to substantially offset a global temperature rise, but they would also modify the global 
water cycle, and would not reduce ocean acidification. If SRM were terminated for any reason, there is high confidence 
that global surface temperatures would rise very rapidly to values consistent with the greenhouse gas forcing. CDR and 
SRM methods carry side effects and long-term consequences on a global scale. {6.5, 7.7}

Box SPM.1: Representative Concentration Pathways (RCPs)

Climate change projections in IPCC Working Group I require information about future emissions or concentrations 
of greenhouse gases, aerosols and other climate drivers. This information is often expressed as a scenario of human 
activities, which are not assessed in this report. Scenarios used in Working Group I have focused on anthropogenic 
emissions and do not include changes in natural drivers such as solar or volcanic forcing or natural emissions, for 
example, of CH4 and N2O.

For the Fifth Assessment Report of IPCC, the scientific community has defined a set of four new scenarios, denoted 
Representative Concentration Pathways (RCPs, see Glossary). They are identified by their approximate total 
radiative forcing in year 2100 relative to 1750: 2.6 W m-2 for RCP2.6, 4.5 W m-2 for RCP4.5, 6.0 W m-2 for RCP6.0, 
and 8.5 W m-2 for RCP8.5. For the Coupled Model Intercomparison Project Phase 5 (CMIP5) results, these values 
should be understood as indicative only, as the climate forcing resulting from all drivers varies between models 
due to specific model characteristics and treatment of short-lived climate forcers. These four RCPs include one 
mitigation scenario leading to a very low forcing level (RCP2.6), two stabilization scenarios (RCP4.5 and RCP6), 
and one scenario with very high greenhouse gas emissions (RCP8.5). The RCPs can thus represent a range of 21st 
century climate policies, as compared with the no-climate policy of the Special Report on Emissions Scenarios 
(SRES) used in the Third Assessment Report and the Fourth Assessment Report. For RCP6.0 and RCP8.5, radiative 
forcing does not peak by year 2100; for RCP2.6 it peaks and declines; and for RCP4.5 it stabilizes by 2100. Each 
RCP provides spatially resolved data sets of land use change and sector-based emissions of air pollutants, and it 
specifies annual greenhouse gas concentrations and anthropogenic emissions up to 2100. RCPs are based on a 
combination of integrated assessment models, simple climate models, atmospheric chemistry and global carbon 
cycle models. While the RCPs span a wide range of total forcing values, they do not cover the full range of emissions 
in the literature, particularly for aerosols.

Most of the CMIP5 and Earth System Model simulations were performed with prescribed CO2 concentrations 
reaching 421 ppm (RCP2.6), 538 ppm (RCP4.5), 670 ppm (RCP6.0), and 936 ppm (RCP 8.5) by the year 2100. 
Including also the prescribed concentrations of CH4 and N2O, the combined CO2-equivalent concentrations are 475 
ppm (RCP2.6), 630 ppm (RCP4.5), 800 ppm (RCP6.0), and 1313 ppm (RCP8.5). For RCP8.5, additional CMIP5 Earth 
System Model simulations are performed with prescribed CO2 emissions as provided by the integrated assessment 
models. For all RCPs, additional calculations were made with updated atmospheric chemistry data and models 
(including the Atmospheric Chemistry and Climate component of CMIP5) using the RCP prescribed emissions 
of the chemically reactive gases (CH4, N2O, HFCs, NOx, CO, NMVOC). These simulations enable investigation of 
uncertainties related to carbon cycle feedbacks and atmospheric chemistry.




