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Figure 11.16: CMIP5 multi-model ensemble mean of projected changes in precipitation for the period 2016–2035 4 

relative to 1986–2005 under RCP4.5 in % for October to March (top left-hand panel) and April to September (bottom 5 

left-hand panel). The right-hand panels show the corresponding estimates of the natural internal variability in the 6 

quantity plotted in the left-hand panels (see Annex I Atlas for details of method). Hatching and stippling in left-hand 7 

panels as in Figure11.13. 8 
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Figure 11.17: CMIP5 multi-model projections of changes in annual mean zonal mean precipitation (mm/day) for the 4 

period 2016–2035 relative to 1986–2005 under RCP4.5. The box plots indicate projected changes (median, interquartile 5 

range, and 5–95% range of model changes). Shading indicates 1 standard deviation of the estimated natural internal 6 

variability (see Annex I Atlas for details of method). 7 
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Figure 11.18: CMIP5 multi-model mean projected changes in annual mean evaporation (%), surface runoff (%), soil 4 

moisture (%) and near-surface specific humidity (%) for the period 2016–2035 relative to 1986–2005 under RCP4.5 5 

(left panels). All changes are listed as relative changes with respect to control conditions. Right-hand panels and 6 

stippling/hatching are defined as in Figure11.13. 7 
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Figure 11.19: [PLACEHOLDER FOR FINAL DRAFT: to make final] Projected changes in annual-averaged zonal 4 

(west-to-east) wind at 850hPa based on the average of 23 AOGCMs from the CMIP3 (Meehl et al., 2007b) multi-model 5 

ensemble, under 21st century Emissions Scenario SRESA1B. Gray shading indicates where the multi-model average 6 

AOGCM anomalies are smaller than two standard deviations of the multi-AOGCM estimate of internal variability from 7 

the control climate integrations. Values referenced to the 1986–2005 climatology. 8 
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Figure 11.20: Projected changes in the annual-averaged poleward edge of the Hadley Circulation (horizontal axis) and 4 

sub-tropical dry zones (vertical axis) based on 15 AOGCMs from the CMIP5 (Taylor et al., 2012) multi-model 5 

ensemble, under 21st century Representative Concentratio Pathway 4.5. Orange symbols show the change in the 6 

northern edge of the Hadley Circulation/dry zones, while blue symbols show the change in the southern edge of the 7 

Hadley Circulation/dry zones. Open circles indicate the multi-model average, while horizontal and vertical colored lines 8 

indicate the ±1-standard deviation range for internal climate variability estimated from each model. Values referenced 9 

to the 1986–2005 climatology. Figure based on the methodology of Lu et al. (2007). 10 
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Figure 11.21: Projected changes in the strength of the Pacific Walker Circulation, as estimated using the east-west sea 4 

level pressure gradient across the equatorial Pacific (Vecchi and Soden, 2007; Vecchi and Soden, 2007), based on 24 5 

AOGCMs from the CMIP3 (Meehl et al., 2007b) multi-model ensemble, under 21st century Emissions Scenario 6 

SRESA1B. Thin gray lines indicate the five-year running average for each model, red line indicates the multi-model 7 

five-year running average. Blue horizontal lines indicate the 2016–2035 values for each model, with the orange line 8 

indicating the multi-model averaged projection for 2016–2035. Values referenced to the 1986–2005 climatology. 9 
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Figure 11.22: Global mean projections for the occurrence of (a) warm days, (b) cold days, and (c) wet days from 4 

CMIP5 for the RCP2.6, RCP4.5 and RCP8.5 scenarios relative to 1986–2005. Panel (a) shows percentage of warm days 5 

(tx90p: Tmax exceeds the 90th percentile), panel (b) shows percentage of cold days (tx10p: Tmax below the 10th 6 

percentile), and panel (c) shows relative change of simple precipitation intensity (sdii: average daily precipitation 7 

amount for wet days). Results for CMIP3 are also indicated. From Sillmann J. et al. (2012). 8 
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Figure 11.23: European-scale projections from the ENSEMBLES regional climate modelling project for 2016–2035 4 

relative to 1986–2005, with top and bottom panels applicable to JJA and DJF, respectively. For temperature, projected 5 

changes (°C) are displayed in terms of ensemble mean changes of (a, c) mean seasonal surface temperature, and (b, d) 6 

the 90th percentile of daily maximum temperatures. For precipitation, projected changes (%) are displayed in terms of 7 

ensemble mean changes of (e, g) mean seasonal precipitation and (f, h) the 95th percentile of daily precipitation. The 8 

stippling in (e-h) highlights regions where 80% of the models agree in the sign of the change (for temperature all 9 

models agree on the sign of the change). The analysis includes the following 10 RCM-GCM simulation chains for the 10 

SRES A1B scenario (naming includes RCM group and GCM simulation): HadRM3Q0-HadCM3Q0, ETHZ-11 

HadCM3Q0, HadRM3Q3-HadCM3Q3, SMHI-HadCM3Q3, HadRM3Q16-HadCM3Q16, SMHI-BCM, DMI-ARPEGE, 12 

KNMI-ECHAM5, MPI-ECHAM5, DMI-ECHAM5 (Rajczak et al., 2012; courtesy of Jan Rajczak). 13 
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Figure 11.24: Projected changes in annual-averaged, globally-averaged, depth-averaged ocean temperature based on 4 

twelve AOGCMs from the CMIP3 (Meehl et al., 2007b) multi-model ensemble, under 21st century Emissions Scenario 5 

SRESA1B. Top panel shows changes of sea surface temperature, middle panel ocean temperature changes averaged 6 

over the upper 700 meters of the ocean, bottom panel shows changes averaged over the full ocean depth. Thin black 7 

lines show the evolution for each of the twelve AOGCMs, red line shows the average of all twelve projections, the blue 8 

line indicates an estimate of the average magnitude of internal variability of all twelve AOGCMs (2sigma).Gray 9 

horizontal lines indicate the 2016–2035 average anomaly for each of the twelve AOGCMs, while the orange horizontal 10 

line indicates the multi-model average 2016–2035 anomaly. The fifty-year running average from each model’s control 11 

climate integration was removed from each line. Values referenced to the 1986–2005 climatology of each AOGCM. 12 
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Figure 11.25: Projected changes, as a function of depth, in annual-averaged, globally-averaged ocean temperature 4 

based on the average of twelve AOGCMs from the CMIP3 (Meehl et al., 2007b) multi-model ensemble, under 21st 5 

century Emissions Scenario SRESA1B. Gray shading indicates where the multi-model average AOGCM anomalies are 6 

smaller than two standard deviations of the multi-AOGCM estimate of internal variability from the control climate 7 

integrations. The fifty-year running average from each model’s control climate integration was removed from each line. 8 

Values referenced to the 1986–2005 climatology of each AOGCM. 9 
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Figure 11.26: Upper panels show the projected changes averaged 2016–2035 relative to 1986–2005 in sea surface 4 

temperature (left panels) and temperature averaged over the upper 700 meters of the ocean (right panels), as a function 5 

of latitude and longitude. Lower panels show the standard deviation of twenty-year averages of sea surface temperature 6 

(left panels) and temperature averaged over the upper 700 meters of the ocean (right panels) arising from internal 7 

climate variability in these models. Figures based on the average of twelve AOGCMs from the CMIP3 (Meehl et al., 8 

2007b) multi-model ensemble, under 21st century Emissions Scenario SRESA1B. Gray shading indicates where the 9 

multi-model average AOGCM anomalies are smaller than two standard deviations of the multi-AOGCM estimate of 10 

internal variability from the control climate integrations, black stippling indicates where at least four (1/3) of the models 11 

disagree on the sign of the change. The fifty-year running average from each model’s control climate integration was 12 

removed from each line. 13 
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Figure 11.27: [PLACEHOLDER FOR FINAL DRAFT: Currently shaded at 1 sigma. Same as Figure 11.25, but for 4 

regional averages.] 5 
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Figure 11.28: February and September CMIP5 multi-model mean sea ice concentrations (%) in the Northern and 4 

Southern Hemispheres for the periods (a) 1986–2005, (b) 2016–2035 under RCP4.5. Only one member per model is 5 

taken into account in the analysis. The number of models is given in parentheses. The pink lines show the observed 6 

15% sea ice concentration limits averaged over 1986–2005 (Comiso et al., 2008). 7 
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Figure 11.29: Projected CH4 (a) anthropogenic emissions (Tg–CH4 yr
–1

) and (b) atmospheric abundances (ppb) for the 4 

four RCP scenarios (2010–2100). The thick solid lines show the published RCP values: red plus, RCP8.5; orange 5 

square, RCP6.0; light blue circle, RCP4.5; dark blue asterisk, RCP2.6. Thin lines with markers show values from this 6 

assessment based on Holmes et al. (2012). The shaded region shows the ±1 standard deviation from the Monte Carlo 7 

calculations that consider uncertainties, including the current magnitude of the anthropogenic emissions. 8 
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Figure 11.30: Changes in surface O3 (ppb) between year 2000 and 2030 averaged globally and over four northern mid-4 

latitude source regions as used in the Hemispheric Transport of Air Pollution (HTAP) studies (HTAP, 2010c). Results 5 

are taken from the literature and include changes driven by climate alone (CLIMATE) as well as those driven by 6 

emissions alone, following emission scenarios (SRES A1, A2, B1, B2; RCP 2.6, 4.5, 6.0, 8.5; MFR, CLE). Results 7 

from individual studies are labeled by letters underneath the corresponding plot symbols. Solid vertical bars represent a 8 

combination of ranges as reported in the literature: (A) multi-model mean and standard deviations in annual mean, 9 

spatial averages from the ACCENT/Photocomp study (Dentener et al., 2006); (C) a parameterized model developed 10 

from the multi-model HTAP ensemble (Wild et al., 2012). Dotted vertical bars represent spatial ranges as estimated 11 

with one model: (S) globally (Stevenson et al., 2005), (V) within each of the HTAP regions (Dentener et al., 2005); (F, 12 

D) over Europe (Forkel and Knoche, 2006; Szopa et al., 2006). Filled squares represent: (Q, T, U) regional averages 13 

over the globe (Fiore et al., 2008; Unger et al., 2006b; West et al., 2006); and (W) over the United States (Fiore et al., 14 

2002). Regional definitions, methods, and reported metrics (e.g., 24-hour versus daily maximum values over a 1-hour 15 

or 8-hour averaging period, annual or seasonal averages) vary across studies, and are the major contributor to the 16 

apparent discrepancies between the blue (climate change only) solid and dashed lines (Section 11.3.5.2). Climate 17 

change scenarios vary across studies, but are combined into ranges denoted by blue bars because there is little 18 

detectable cross-scenario difference in the climate response by 2030 and it would not be detectable with the simulations 19 

here (Sections 11.3.5.2.1 and 11.3.6). Adapted from Figure 3 of Fiore et al. (2012). 20 
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Figure 11.31a: Projected changes in annual mean surface O3 (ppb mole fraction) from 2000 to 2100 following the RCP 4 

scenarios (8.5 red, 6.0 orange, 4.5 light blue, 2.6 dark blue). Results in each box are averaged over the shaded land 5 

regions with continuous colored lines denoting the average of 4 CMIP5 chemistry-climate models (GFDL-CM3, GISS-6 

E2-R, LMDz-ORINCA, NCAR-CAM3.5) and colored dots denoting the average of 3, 9, 2, and 11 (or fewer) ACCMIP 7 

models contributing results for the decadal time slices centered on 2010, 2030, 2050 and 2100, respectively. The 8 

shading about the lines and the vertical bars on the dots represent the full range across models. Changes are relative to 9 

the 1986–2005 reference period for the CMIP5 transient simulations, and relative to the average of the 1980 and 2000 10 

decadal time slices for the ACCMIP ensemble. The average value and model standard deviation for the reference period 11 

is shown in each panel with CMIP5 models on the upper left and ACCMIP models on the upper right. In cases where 12 

multiple ensemble members are available from a single model, they are averaged prior to inclusion in the multi-model 13 

mean. Adapted from Fiore et al. (2012). 14 
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Figure 11.31b: Projected changes in annual-mean surface PM2.5 (ng per g air) from 2000 to 2100 following the RCP 4 

scenarios (8.5 red, 6.0 orange, 4.5 light blue, 2.6 dark blue). PM2.5 values are calculated as the sum of individual 5 

aerosol components (black carbon + organic carbon + sulfate + secondary organic aerosol + 0.1*dust + 0.25*sea salt). 6 

Nitrate was not reported for most models and is not included here. See Figure 11.31a, but note that fewer models 7 

contribute: GFDL-E2-R and GFDL-CM3 from CMIP5; CICERO-OsloCTM2, GFDL-AM3, MIROC-CHEM, and 8 

NCAR-CAM3.5 from ACCMIP. Adapted from Fiore et al. (2012). 9 
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Figure 11.32a: Near-term increase in global mean surface air temperatures across scenarios. Increases in 10-year mean 4 

(2016–2025, 2026–2035, 2036–2045 and 2046–2055) relative to the reference period (1986–2005) of the globally 5 

averaged surface air temperatures (K). Results are shown for the CMIP5 model ensembles (see Annex I for listing of 6 

models included) for RCP2.6 (dark blue), RCP4.5 (light blue), RCP6.0 (orange), and RCP8.5 (red), respectively) and 7 

the CMIP3 model ensemble (22 models for SRES A1b (black). The multi-model median (square), 17–83% (likely) 8 

range (wide boxes), 5–95% (very likely) range (whiskers) across all models are shown for each decade and scenario. 9 

Also shown are estimates for scenarios that implement technological controls on methane emissions (UNEP CH4) and 10 

on emissions of methane and black carbon as well as co-emitted species such as carbon monoxide, organic carbon and 11 

nitrogen oxides (UNEP CH4 + BC). These changes are calculated relative to a reference scenario (UNEP Ref) but 12 

adjusted to reflect the 1986–2005 reference period shown here. UNEP results are based on two chemistry-climate 13 

models and shown only as a range (whiskers) derived from uncertainties in radiative forcing components and climate 14 

sensitivity (Shindell et al., 2012b; UNEP and WMO, 2011). The thick horizontal lines indicate increases in global mean 15 

surface air temperature relative to a reference period of 1850–1900 (rather than 1986–2005). 16 
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Figure 11.32b: Global maps of near-term differences in surface air temperature across the RCP scenarios. Differences 4 

between the high (RCP8.5) and low (RCP2.6) scenarios for the CMIP5 model ensemble (12 models) are shown for 5 

averages over 2026–2035 (left), 2036–2045 (middle) and 2046–2055 (right) in boreal winter (DJF; top row) and 6 

summer (JJA; bottom row). 7 
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Figure 11.33: Synthesis of near-term projections of global mean surface air temperature. a) Projections of global mean, 4 

annual mean surface air temperature (SAT) 1986–2050 (anomalies relative to 1986–2005) under all RCPs from CMIP5 5 

models (grey and coloured lines, one ensemble member per model), with four observational estimates (HadCRUT3: 6 

Brohan et al., 2006; ERA-Interim: Simmons et al., 2010; GISTEMP: Hansen et al., 2010; NOAA: Smith et al., 2008) 7 

for the period 1986–2011 (black lines); b) as a) but showing the 5–95% range for RCP4.5 (light grey shades, with the 8 

multi-model median in white) and all RCPs (dark grey shades) of decadal mean CMIP5 projections using one ensemble 9 

member per model, and decadal mean observational estimates (black lines). The maximum and minimum values from 10 

CMIP5 are shown by the grey lines. An assessed likely range for the mean of the period 2016–2035 is indicated by the 11 

black solid bar. The ‘2°C above pre-industrial’ level is indicated with a thin black line, assuming a warming of global 12 

mean SAT prior to 1986–2005 of 0.6°C. c) A synthesis of ranges for the mean SAT for 2016–2035 using SRES CMIP3, 13 

RCPs CMIP5, observationally constrained projections (Stott et al., 2012; Rowlands et al., 2012; updated to remove 14 
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simulations with large future volcanic eruptions), and an overall assessment. The box and whiskers represent the likely 1 

(66%) and very likely (90%) ranges. The dots for the CMIP3 and CMIP5 estimates show the maximum and minimum 2 

values in the ensemble. The median (or maximum likelihood estimate for Rowlands et al., 2012) are indicated by a grey 3 

band. 4 
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Figure 11.34: a) Observed linear December to February temperature trend 1950–2010 (CRUTEM3/HadSST2) 4 

[°C/century], b) the equivelant CMIP5 ensemble mean trend and c) quantile of the observed trend in the ensemble. 5 

d,e,f) Same for June to August. g,h,i) Same for October to March precipitation (CRU TS 3.10.01) [% per century]. j,k,l) 6 

Precipitation in April to September. Based on Räisänen (2007). 7 
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FAQ 11.2, Figure 1: Schematic of how large tropical or sub-tropical volcanoes impact upper atmospheric 4 

(stratospheric) and lower atmospheric (tropospheric) temperatures. 5 
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