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Based on coupled carbon cycle - climate models it is very likely that the feedback between climate and the 1 

carbon cycle is positive in the 21st century and beyond. These models indicate a loss of carbon of 59 [20 to 2 

98] PgC and 17 [13 to 21] PgC per °C warming from the land and the ocean, respectively. {6.4.2.1, Figure 3 

6.20} 4 

 5 

• For RCP2.6, large reductions in CO2 emissions relative to present day are projected. It is about as likely 6 

as not that sustained globally negative emissions will be required for this scenario. {6.4, Figure 6.25, 7 

Figure 6.26} 8 

 9 

• Anthropogenic ocean acidification, evidenced by a decrease in pH, is projected to continue worldwide 10 

over the 21st century in all RCPs (see Figure SPM.5). The largest decrease in pH is projected to occur 11 

in the warmer low and mid-latitudes. It is likely that surface waters in the Southern Ocean become 12 

corrosive for a less stable form of calcium carbonate by 2100, and even before in the Arctic Ocean (see 13 

Figure SPM.6). {6.4, Box 6.5, Figure 6.28} 14 

 15 

• There is medium confidence on the magnitude of carbon losses through CO2 or CH4 emissions to the 16 

atmosphere from thawing permafrost. Projections for 2100 range from 33 to over 400 PgC for RCP8.5. 17 

{6.4.3} 18 

 19 

 20 

Long-Term Projections: Climate Stabilization, Commitment and Irreversibility 21 

 22 

Many aspects of climate change will persist for centuries even if concentrations of greenhouse gases are 23 

stabilised. This represents a substantial multi-century commitment created by human activities today. 24 

{12.5.4} 25 

 26 

• Emission pathways that likely limit warming below 2°C above pre-industrial by 2100 indicate that CO2-27 

equivalent emissions cannot exceed 8.5–12.6 PgC yr–1 by 2020, and 4.6–6.3 PgC yr–1 by 2050. Median 28 

2010 emissions are 13.1 PgC yr–1. The 2°C temperature target implies cumulative carbon emissions by 29 

2100 to be below about 1000–1300 PgC in the set of scenarios considered, of which about 545 [460 to 30 

630] PgC were already emitted by 2011. {12.5.4}  31 

 32 

• Continuing greenhouse gas emissions beyond 2100 as in the RCP8.5 extension induces a total radiative 33 

forcing above 12 W m–2 by 2300 that leads to a warming of 8.7 [5.0–11.6] °C by 2300 relative to 1986–34 

2005. Substantial sustained reductions of emissions beyond 2100 could keep the total radiative forcing 35 

below 2 W m–2 by 2300, as for example in the RCP2.6 extension, which reduces the warming to 0.6 36 

[0.3–1.0] °C by 2300. {12.3.1, 12.5.1} 37 

 38 

• For scenarios driven by carbon dioxide alone, global average temperature is projected to remain 39 

approximately constant for many centuries following a complete cessation of emissions. Thus a large 40 

fraction of climate change is largely irreversible on human time scales, except if net anthropogenic 41 

greenhouse gas emissions were strongly negative over a sustained period. {12.5.5} 42 

 43 

• Surface melting of the Greenland ice sheet is projected to exceed accumulation for global mean surface 44 

air temperature over 3.1 [1.9–4.6] °C above preindustrial, leading to ongoing decay of the ice sheet. The 45 

loss of the Greenland ice sheet is not inevitable, because surface melting has long time scales and it 46 

might re-grow to most of its original volume if global temperatures decline. However, a significant 47 

decay of the ice sheet may be irreversible. {13.3.3, 13.4.3, 13.4.4, Figure 13.11} 48 

49 
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Tables 1 
 2 
Table SPM.1: Recent trends, assessment of human influence on the trend, and projections for extreme weather and 3 
climate events for which there is an observed late-20th century trend. Bold indicates a revised assessment since AR4 4 
(2007), (*) indicates a revised assessment from the SREX (2012) and (#) indicates that an assessment was not provided 5 
by either AR4 or SREX. {TS TFE9.1, 2.6, 11.3.2, 12.4.3, 12.4.4, 12.4.5} 6 
 7 

Phenomenon and 
direction of trend 

Likelihood that trend 
occurred in late 20th 
century (typically 
post 1950)  

Likelihood of a 
human contribution 
to observed trend  

Likelihood of future 
trends based on 
projections for the 
next few decades#  

Likelihood of future 
trends based on 
projections for 21st 
century using RCP 
scenarios  

Warmer and fewer cold 
days and nights over 
most land areas  

Very likely  Very likely*a  Very likely Virtually certain  

Warmer and more 
frequent hot days and 
nights over most land 
areas 

Very likely  Very likely*a  Very likely Virtually certain  

Warm spells/heat waves. 
Frequency increases over 
most land areas 

Medium confidence Likelyb Likely Very likely  

Heavy precipitation 
events. Frequency (or 
proportion of total 
rainfall from heavy falls) 
increases over more 
areas than decreases 

Likely   Medium confidence Likely Very likely*c  

Increases in frequency 
and/or intensity of 
droughtd 

Low confidence*d Low confidence*d Not assessed Likely in some 
regions*d  

Intense tropical cyclone 
activity increases 

Low confidencee Low confidencee  Low confidence Medium confidence  

Notes: 8 
(a) SREX assessed likely anthropogenic influence on trends at the global scale. 9 
(b) SREX did not provide an explicit attribution of warm spells/heat waves to human contributions. 10 
(c) SREX assessed a likely increase in the frequency of heavy precipitation events or increase in the proportion of total 11 
rainfall from heavy falls over many areas of the globe, in particular in high latitudes and tropical regions. 12 
(d) AR4 assessed the overall area affected by drought. SREX assessed with medium confidence that some regions of the 13 
world had experienced more intense and longer droughts, and medium confidence that anthropogenic influence had 14 
contributed to some observed changes in drought pattern. There was also medium confidence in a projected increase in 15 
duration and intensity of droughts in some regions of the world. 16 
(e) Assessments of 50-year global trends limited by data uncertainties. Higher confidence of increased activity in some 17 
regions linked to anthropogenic aerosol forcing. 18 
 19 

20 
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Table SPM.2: Projected change in global average surface air temperature (SAT) and sea level rise (SLR) for three time 1 

horizons during the 21st century. {Table 12.2, Table 13.5, 12.4.1, 11.3.2} 2 

 3 

Variable Scenario 2016–2035** 
Level of 
Confidence*

2046–2065 
Level of 
Confidence*

2081–2100 
Level of 
Confidence*

∆SATa 
 [°C] 

RCP2.6 0.7 [n/a] n/a 1.0 [n/a] n/a 1.0 [0.2–1.8] high 

RCP4.5 0.7 [n/a] n/a 1.4 [n/a] n/a 1.8 [1.0–2.6] high 

RCP6.0 0.7 [n/a] n/a 1.3 [n/a] n/a 2.3 [1.3–3.2] high 

RCP8.5 0.8 [n/a] n/a 2.0 [n/a] n/a 3.7 [2.6–4.8] high 

Total 
SLRb 
[m] 

RCP2.6 0.11 [0.08–0.14] medium 0.25 [0.19–0.33] medium 0.42 [0.29–0.55] medium 

RCP4.5 0.11 [0.08–0.14] medium 0.27 [0.20–0.35] medium 0.49 [0.36–0.63] medium 

RCP6.0 0.11 [0.07–0.14] medium 0.26 [0.19–0.34] medium 0.50 [0.37–0.64] medium 

RCP8.5 0.12 [0.08–0.15] medium 0.31 [0.23–0.39] medium 0.64 [0.48–0.82] medium 

Notes: 4 

(a) CMIP5 ensemble; anomalies calculated with respect to 1986–2005; Numbers are in the format: mean [likely range] 5 

(b) 21 CMIP5 models; anomalies calculated with respect to 1986–2005. Where CMIP5 results were not available for a 6 

particular AOGCM and scenario, they were estimated as explained in Chapter 13, Table 13.5. The contributions from 7 

ice sheet dynamical change and anthropogenic land water storage are treated as independent of scenario, since scenario 8 

dependence cannot be evaluated on the basis of existing literature, and as having uniform probability distributions, 9 

uncorrelated with the magnitude of global climate change. Numbers are in the format: mean [likely range] 10 

* [PLACEHOLDER FOR SECOND ORDER DRAFT: Level of confidence to be updated] 11 

** [PLACEHOLDER FOR SECOND ORDER DRAFT: Near-term values and ranges to be updated] 12 

 13 

14 
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Figures 1 

 2 

 3 
 4 

Figure SPM.1: Multiple observed indicators of a changing global climate. Each line represents an independently 5 

derived estimate of change in various large-scale quantities from the atmosphere, the cryosphere, the land, and the 6 

ocean. In panels where individual datasets overlap, the datasets have been normalized to a common period of record. 7 

Anomalies are relative to the mean of 1981–2000 (panels a and b), 1971–2000 (panel c), 1961–1990 (panels e and f), 8 

and the year 1971 (panel h). Panel c provides the 13-year running mean of the March-April Snow Cover Extent (SCE) 9 

anomaly for the full observational record, and June SCE (x’s) for the satellite period only. Full details of the datasets 10 

shown here are provided in the Supplementary Material to Chapters 2 and Chapter 4. Where available, uncertainties in 11 

the observations are indicated by a shaded range. {Figure 2.15, Figure 2.19, Figure 2.24, Figure 3.2, Figure 3.13, Figure 12 

4.3, Figure 4.19}. 13 

 14 

15 
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 1 
 2 

Figure SPM.2: Multiple observed indicators of a changing global carbon cycle. Measurements of atmospheric 3 

concentrations of carbon dioxide (CO2) are from Mauna Loa and South Pole since 1958. Measurements of partial 4 

pressure of CO2 at the ocean surface are shown from three stations from the Atlantic and the Pacific Oceans, along with 5 

the measurement of in situ pH, a measure of the acidity of ocean water. These stations are the Hawaii Ocean Time-6 

series (HOT) from the station ALOHA, the Bermuda Atlantic Time-series Study (BATS), and the European Station for 7 

Time series in the Ocean (ESTOC). Full details of the datasets shown here are provided in the underlying report. 8 

{Figure 2.1, Figure 3.17}.  9 

 10 

11 
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 1 
 2 

Figure SPM.3: Global average radiative forcing (RF) estimates and ranges for various drivers and three successive 3 

time periods; 1750–1950, 1750–1980, 1750–2011. The anthropogenic drivers are carbon dioxide (CO2), other well-4 

mixed greenhouse gases (CH4, N2O, and others), ozone, land use change, statospheric water vapour, and aerosols, with 5 

the sum of all contributions indicated. Assessed uncertainty ranges are given by black intervals. The RF of solar 6 

irradiance, a natural driver, is also estimated for the three time periods. {Figure 8.17} 7 
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 2 

Figure SPM.4: Comparison of observed and simulated climate change based on four large-scale indicators in the atmosphere, cryosphere and the ocean. Indicators are time series of 3 

continental land surface air temperatures (1850–2010, yellow padded panels), zonal mean precipitation in latitude bands (1950–2010, green padded panels), Arctic and Antarctic sea 4 

ice (1950–2010, white padded panels), and ocean heat uptake in the major ocean basins (1950–2010, blue padded panels). Global mean changes are also given. In all panels, 5 

black/grey curves indicate observation-based estimates, blue curves and bands are multi-model mean and ensemble ranges based on simulations forced by natural drivers only, and 6 

red curves and bands are for simulations forced by natural and anthropogenic drivers. The bands indicate the 5 to 95% for temperature, and one standard deviation for precipitation, 7 

sea ice, and ocean heat content. Model results are based on the ensemble of CMIP5. For sea ice extent the seven CMIP5 models are considered that matched the mean minimum and 8 

seasonality with less than 20% error compared with observations. Full details are provided in the Appendix of Chapter 10. {Figure 10.15, 10.20}9 
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 1 
 2 

Figure SPM.5: CMIP5 multi-model simulated time series. Panel (a) provides the radiative forcing reconstructed for the 3 

historical time period and projected for the future. Other panels  provide mean changes (relative to 1986–2005) of (b), 4 

global annual mean surface air temperature, (c), global annual mean precipitation, (d), Northern Hemisphere sea-ice 5 

extent anomaly in September, and (e), global mean ocean surface pH from CMIP5 climate model simulations from 6 

1850 to 2100. Projections are shown for emissions scenarios RCP2.6 (blue) and RCP8.5 (red) for the multi-model mean 7 

(solid lines) and ±1 standard deviation across the distribution of individual model simulations (shading). Black (grey 8 

shading) is the modelled historical evolution using historical reconstructed forcings. For pH, a subset of the CMIP5 9 

models is chosen which simulate the global carbon cycle and which are driven by prescribed atmospheric CO2 10 

concentrations. The number of CMIP5 models to calculate the multi-model mean is indicated for each time 11 

period/scenario. {Figure 12.5, Figure 12.28, Figure 6.28} 12 

13 
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Figure SPM.6: Maps of multi-model results in 2081–2100 (relative to 1986–2005) of (a), surface air temperature 3 

change, (b), average percent change in mean precipitation, (c), Northern Hemisphere sea ice concentration, and (d) 4 

change in global ocean surface pH. The two emissions scenarios RCP2.6, and RCP8.5 are considered. The number of 5 

CMIP5 models to calculate the multi-model mean is indicated in the upper right corner of each panel. The pink lines in 6 

panels (c) show the observed 15% sea ice concentration limits averaged over 1986–2005 for comparison. {Figure 7 

12.11, Figure 12.22, Figure 12.29, Figure 6.28}. [PLACEDHOLDER FOR SECOND ORDER DRAFT: Information on 8 

robustness and model agreement to be considered.] 9 

10 
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Figure SPM.7: Projections of total global mean (top) and regional mean (bottom) sea level change from 2000 to 2100 3 

for the two emissions scenarios RCP2.6, and RCP8.5. The total sea level change results from various contributions 4 

whose estimated ranges are given over the period 2081–2100. The scenario-dependent contributions of thermal 5 

expansion are derived from CMIP5 model simulations, glaciers and surface mass balances from the Greenland and 6 

Antarctic ice sheets are estimated from CMIP5 results using parametrised schemes based on recent studies. 7 

Contributions from ice-sheet dynamical changes and anthropogenic land water storage are also included; they are 8 

independent of scenario, and are treated as having uniform probability distributions. The maps of projected regional 9 

mean sea level change include a correction for glacial isostatic adjustment for the period 2081–2100 compared to 1986–10 

2005. See Appendix 13.A for methods. {Figure 13.8, Figure 13.9, Figure 13.15} [PLACEHOLDER FOR SECOND 11 

ORDER DRAFT: Information on robustness and model agreement to be considered.] 12 

 13 


