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 surface temperature change per 1000 GtC emitted to the atmosphere. TCRE is likely in the range of 0.8°C to 2.5°C per 
1000 GtC and applies for cumulative emissions up to about 2000 GtC until the time temperatures peak (see Figure 
SPM.10). {12.5, Box 12.2}

• Various metrics can be used to compare the contributions to climate change of emissions of different substances. The 
most appropriate metric and time horizon will depend on which aspects of climate change are considered most important 
to a particular application. No single metric can accurately compare all consequences of different emissions, and all have 
limitations and uncertainties. The Global Warming Potential is based on the cumulative radiative forcing over a particular 
time horizon, and the Global Temperature Change Potential is based on the change in global mean surface temperature 
at a chosen point in time. Updated values are provided in the underlying Report. {8.7} 

D.3 Detection and Attribution of Climate Change

Human influence has been detected in warming of the atmosphere and the ocean, in changes 
in the global water cycle, in reductions in snow and ice, in global mean sea level rise, and 
in changes in some climate extremes (see Figure SPM.6 and Table SPM.1). This evidence for 
human influence has grown since AR4. It is extremely likely that human influence has been 
the dominant cause of the observed warming since the mid-20th century. {10.3–10.6, 10.9}

• It is extremely likely that more than half of the observed increase in global average surface temperature from 1951 to 
2010 was caused by the anthropogenic increase in greenhouse gas concentrations and other anthropogenic forcings 
together. The best estimate of the human-induced contribution to warming is similar to the observed warming over this 
period. {10.3}

• Greenhouse gases contributed a global mean surface warming likely to be in the range of 0.5°C to 1.3°C over the period 
1951 to 2010, with the contributions from other anthropogenic forcings, including the cooling effect of aerosols, likely to 
be in the range of −0.6°C to 0.1°C. The contribution from natural forcings is likely to be in the range of −0.1°C to 0.1°C, 
and from natural internal variability is likely to be in the range of −0.1°C to 0.1°C. Together these assessed contributions 
are consistent with the observed warming of approximately 0.6°C to 0.7°C over this period. {10.3}

• Over every continental region except Antarctica, anthropogenic forcings have likely made a substantial contribution to 
surface temperature increases since the mid-20th century (see Figure SPM.6). For Antarctica, large observational uncer-
tainties result in low confidence that anthropogenic forcings have contributed to the observed warming averaged over 
available stations. It is likely that there has been an anthropogenic contribution to the very substantial Arctic warming 
since the mid-20th century. {2.4, 10.3}

• It is very likely that anthropogenic influence, particularly greenhouse gases and stratospheric ozone depletion, has led 
to a detectable observed pattern of tropospheric warming and a corresponding cooling in the lower stratosphere since 
1961. {2.4, 9.4, 10.3}

• It is very likely that anthropogenic forcings have made a substantial contribution to increases in global upper ocean heat 
content (0–700 m) observed since the 1970s (see Figure SPM.6). There is evidence for human influence in some individual 
ocean basins. {3.2, 10.4}

• It is likely that anthropogenic influences have affected the global water cycle since 1960. Anthropogenic influences have 
contributed to observed increases in atmospheric moisture content in the atmosphere (medium confidence), to global-
scale changes in precipitation patterns over land (medium confidence), to intensification of heavy precipitation over land 
regions where data are sufficient (medium confidence), and to changes in surface and sub-surface ocean salinity (very 
likely). {2.5, 2.6, 3.3, 7.6, 10.3, 10.4}
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• Projected climate change based on RCPs is similar to AR4 in both patterns and magnitude, after accounting for scenario 
differences. The overall spread of projections for the high RCPs is narrower than for comparable scenarios used in AR4 
because in contrast to the SRES emission scenarios used in AR4, the RCPs used in AR5 are defined as concentration 
pathways and thus carbon cycle uncertainties affecting atmospheric CO2 concentrations are not considered in the 
concentration-driven CMIP5 simulations. Projections of sea level rise are larger than in the AR4, primarily because of 
improved modelling of land-ice contributions.{11.3, 12.3, 12.4, 13.4, 13.5}

E.1 Atmosphere:  Temperature

Global surface temperature change for the end of the 21st century is likely to exceed 
1.5°C relative to 1850 to 1900 for all RCP scenarios except RCP2.6. It is likely to exceed 2°C 
for RCP6.0 and RCP8.5, and more likely than not to exceed 2°C for RCP4.5. Warming will 
continue beyond 2100 under all RCP scenarios except RCP2.6. Warming will continue to 
exhibit interannual-to-decadal variability and will not be regionally uniform (see Figures 
SPM.7 and SPM.8). {11.3, 12.3, 12.4, 14.8}

• The global mean surface temperature change for the period 2016–2035 relative to 1986–2005 will likely be in the range 
of 0.3°C to 0.7°C (medium confidence). This assessment is based on multiple lines of evidence and assumes there will be 
no major volcanic eruptions or secular changes in total solar irradiance.  Relative to natural internal variability, near-term 
increases in seasonal mean and annual mean temperatures are expected to be larger in the tropics and subtropics than 
in mid-latitudes (high confidence). {11.3}

• Increase of global mean surface temperatures for 2081–2100 relative to 1986–2005 is projected to likely be in the 
ranges derived from the concentration-driven CMIP5 model simulations, that is, 0.3°C to 1.7°C (RCP2.6), 1.1°C to 2.6°C 
(RCP4.5), 1.4°C to 3.1°C (RCP6.0), 2.6°C to 4.8°C (RCP8.5). The Arctic region will warm more rapidly than the global 
mean, and mean warming over land will be larger than over the ocean (very high confidence) (see Figures SPM.7 and 
SPM.8, and Table SPM.2). {12.4, 14.8}

• Relative to the average from year 1850 to 1900, global surface temperature change by the end of the 21st century is 
projected to likely exceed 1.5°C for RCP4.5, RCP6.0 and RCP8.5 (high confidence). Warming is likely to exceed 2°C for 
RCP6.0 and RCP8.5 (high confidence), more likely than not to exceed 2°C for RCP4.5 (high confidence), but unlikely to 
exceed 2°C for RCP2.6 (medium confidence). Warming is unlikely to exceed 4°C for RCP2.6, RCP4.5 and RCP6.0 (high 
confidence) and is about as likely as not to exceed 4°C for RCP8.5 (medium confidence). {12.4}

• It is virtually certain that there will be more frequent hot and fewer cold temperature extremes over most land areas on 
daily and seasonal timescales as global mean temperatures increase. It is very likely that heat waves will occur with a 
higher frequency and duration. Occasional cold winter extremes will continue to occur (see Table SPM.1). {12.4}

E.2 Atmosphere:  Water Cycle

Changes in the global water cycle in response to the warming over the 21st century will not 
be uniform. The contrast in precipitation between wet and dry regions and between wet 
and dry seasons will increase, although there may be regional exceptions (see Figure SPM.8). 
{12.4, 14.3}

• Projected changes in the water cycle over the next few decades show similar large-scale patterns to those towards the 
end of the century, but with smaller magnitude. Changes in the near-term, and at the regional scale will be strongly 
influenced by natural internal variability and may be affected by anthropogenic aerosol emissions. {11.3}


