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Figure 9.24: Time-series of CMIP5 modelled (coloured lines) and NSIDC (Fetterer et al., 2002) observed (thick red
line) Arctic September (upper panel) and Antarctic March (lower panel) sea-ice extent from 1900 to 2012. The CMIP5
multi-model ensemble mean (black) is based on 34 CMIP5 models, with £1 standard deviation shown as dashed black
lines. The dashed thick red line for the Arctic (upper panel) relates to the pre-satellite period of observationally based
time series. The upper and lower panel insets are based on the corresponding multi-model ensembles from CMIP5 and
CMIP3, £1 standard deviation. Note that these are monthly means, not yearly minima. Adapted from Stroeve et al.
(2012).
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Figure 9.25: Terrestrial snow-cover distribution in the Northern Hemisphere simulated by 24 CMIP5 AOGCMs for
February, updated for CMIP5 from (Pavlova et al., 2007). For each 1° x 1° longitude-latitude grid cell, the figure
indicates the number of models that simulate at least 5 kg m 2 of snow water equivalent. The observationally based
boundaries (red line) mark the territory with at least 20% of the days per month with snow cover (Robinson and Frei,
2000a) over the period 1986—2005. The annual mean 0°C isotherm at 3.3 m depth averaged across the 24 AOGCMs
(yellow line) is a proxy for the permafrost boundary. Observed permafrost extent in the Northern hemisphere (magenta
dashed line) is based on Brown et al. (1997, 1998).
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Figure 9.26: Ensemble mean of annual global land carbon uptake (top) and annual global ocean carbon uptake (bottom
panel) in the CMIP5 ESMs for the historical period 1900-2005. For comparison, the observation-based estimates
provided by the Global Carbon Project (“GCP”, Le Quere et al., 2009) are also shown (black line). The confidence
limits on the ensemble mean are derived by assuming that the CMIP5 models come from a t-distribution. The grey areas
show the range of annual fluxes simulated across the model ensemble.
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Figure 9.27: Simulation of net (a) atmosphere-land CO, fluxes (“NBP”, top) and (b) atmosphere-ocean CO, fluxes
(“fgCO2”, bottom) in the CMIP5 ESMs, for the period 1986-2005. The error bars represent the interannual variability
in the fluxes calculated as the standard deviation of the annual fluxes. . For comparison, the observation-based estimates
provided by the Global Carbon Project (“GCP”, Le Quere et al., 2009), the “JMA” atmospheric inversion (Gurney et
al., 2003), and the Takahashi ocean pCO, dataset (Takahashi et al., 2009) are also shown as the red symbols, with the
horizontal red line representing the estimate from JMA.

Do Not Cite, Quote or Distribute 9-194 Total pages: 218



© 00 N O U~ WN

e e
w N P O

Second Order Draft Chapter 9 IPCC WGI Fifth Assessment Report

Figure 9.28: The relative error in visible aerosol optical thickness (AOT) from the median of a subset of CMIP5
models’ historical simulations, relative to satellite retrievals of AOT. Units are such that +1 is equivalent to satellite
AOT exceeding model AOT by 100%. The figure is constructed following (Kinne et al., 2006). The satellite AOT is
from the MODIS instrument on the NASA Terra satellite from 2001 through 2005. The data version is MODIS 4; the
model outputs are from ACCESS1-0, ACCESS1-3, BNU-ESM, CESM1-CAMS5, CSIRO-Mk3-6-0, GFDL-CM3,
GFDL-ESM2G, GFDL-ESM2M, GISS-E2-H, GISS-E2-R, HadGEM2-CC, HadGEM2-ES, IPSL-CM5A-LR IPSL-
CM5A-MR, IPSL-CM5B-LR, MIROC-ESM, MIROC-ESM-CHEM, MIROCS5, MRI-CGCM3, NorESM1-M, and
NorESM1-ME.
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Figure 9.29: Time series of global oceanic-mean AOT from individual CMIP5 models’ historical (1850-2005) and
RCP4.5 (2006-2010) simulations, corrected MODIS satellite observations by Shi et al. (2011) and Zhang et al. (2008a),
and the Atmospheric Chemistry and Climate Model Intercomparison Project (ACCMIP) simulations for the 1850s by
Shindell et al. (2012b). ACCMIP model output is from CICERO-OsloCTM2, GISS-E2-R, HadGEM2, LMDzORINCA,

NCAR-CAM3.5, and NCAR-CAMb.1.
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Figure 9.30: Composite diurnal cycle precipitation from observations (black) and a subset of CMIP3 models (coloured
lines) averaged over land (left) and ocean (right) areas for three different zones at each local time and seasons (JJA,
DJF). Black solid line: surface-observed precipitation frequency; black dashed line: TRMM 3B42 dataset, 1998-2003
mean]. Each colored curve is for one model: CCSM2 (red solid), GFDL-CM2.0 (green solid), GISS-ER (blue),
MIROCS3.2 (red dashed), and MRI-CGCM2.3.2a (green dashed). Adapted from (Dai, 2006).
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Figure 9.31: Two leading Empirical Orthogonal Functions (EOF’s) of Outgoing Longwave Radiation (OLR) from
years of strong MJO variability (Sperber, 2003). The 20-100 day filtered OLR from observations and each of the
CMIPS5 historical simulations and the CMIP3 simulations of 20th century climate is projected on these two leading
EOF’s to obtain MJO Principal Component time series. The scatter plot shows the maximum positive correlation
between the resulting MJO Principal Components and the time lag at which it occurred for all winters (November-
March). The maximum positive correlation is an indication of the coherence with which the MJO convection
propagates from the Indian Ocean to the Maritime Continent/western Pacific, and the time lag is approximately 1/4 of
the period of the MJO. Most models have weaker coherence in the MJO propagation (smaller maximum positive
correlation), and some have periods that are too short compared to observations. One CMIP3 model has its maximum
positive correlation at Day —16, indicating that this model is incorrectly dominated by westward propagation.

Constructed following Sperber and Kim (2012).
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Figure 9.32: Monsoon precipitation intensity (shading, mm/day) and monsoon precipitation domain (lines) are shown
for (a) observations from GPCP, (b) the CMIP3 multi-model mean, (c) the best model, and (d) the worst model in terms
of the threat score for this diagnostic. The threat scores indicate how well the models represent the monsoon
precipitation domain compared to the GPCP data. The threat score in panel (2) is between GPCP and CMAP rainfall to
indicate observational uncertainty. A threat score of 1.0 would indicate perfect agreement between the two datasets. See
Wang and Ding (2008); Wang et al. (2011a); and Kim et al. (2011) for details of the calculations.
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Figure 9.33: Global climate variability represented as (top): Standard deviation of zonal-mean surface temperature of
the CMIP5 pre-industrial control simulations (after Jones et al., 2012). (Middle): Power spectral density for 1901-2010
global-mean surface temperature for both historical CMIP5 simulations and the observations (after Jones et al., 2012).
(Bottom): Power spectral density for Northern-Hemisphere surface temperature from the CMIP5-PMIP3 last-
millennium simulations using common external forcing configurations (colour, (Schmidt et al., 2012), together with the
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corresponding pre-industrial simulations (colour, dashed), previous last-millennium AOGCM simulations (black,
(Fernandez-Donado et al., 2012), and temperature reconstructions from different proxy records (see Section 5.3.5). The
small panel included in the bottom panel shows for the different models and reconstructions the percentage of spectral
density cumulated for periods above 50 year, so as to better highlight the differences between unforced (pre-industrial
control) and forced (PMIP3 and pre-PMIP3) simulations, compared to temperature reconstruction for the longer time
scales.
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Figure 9.34: From top to bottom: SST composites using AMOC time series; precipitation composites using cross-
equatorial SST difference time series; equatorial salinity composites using ITCZ-strength time series; subpolar-gyre
depth-averaged salinity (top 800-1,000 m) using equatorial salinity time series; subpolar gyre depth averaged density
using subpolar gyre depth averaged salinity time series. From left to right: HadCM3, MPI-ESM, and KCM. Black
outlining signifies areas statistically significant at the 5% level for a two-tailed t test using the moving-blocks
bootstrapping technique (Wilks, 1995). Figure 3 from Menary et al. (2011).
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to the European Centre for Medium Range Weather Forecasts (ECMWF) 15-year reanalysis (ERA15). The vertical
lines correspond to periods of two and seven years. The power spectra from the reanalyses and for SST from the Hadley
Centre Sea Ice and Sea Surface Temperature (HadISST) version 1.1, HadCRU 4, ERA40 and NCEP/NCAR data set are
given by the series of solid, dashed and/or dotted black curves. Adapted from (AchutaRao and Sperber, 2006).
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Figure 9.36: ENSO and mean tropical Pacific metrics for pre-industrial control simulations in CMIP3 (blue) and
CMIPS5 (red). (a) and (b): SST anomaly standard deviation in Nifio 3 and Nifio 4 (°C), (c) SST annual cycle amplitude
in Nifio3, (°C), (d) precipitation response (standard deviation) in Nifio4 (mm/day), (g) ENSO power spectrum (Nifio3)
RMS error, (°C). Reference datasets, shown as black solid circles and dashed lines: HadISST1.1 for (a), (b), (c), and (g);
CMAP for (d). The CMIP3 and CMIP5 multi-model mean are shown as squares on the left of each panel with the
whiskers representing the model standard deviation.
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Figure 9.37: (a) Portrait plot display of relative error metrics for the CMIP5 temperature and precipitation extreme
indices based on Sillmann et al. (2012). Reddish and bluish colours indicate, respectively, larger and smaller RMS
errors for an individual model relative to the median model. The gray-shaded columns on the right side indicate the
RMS error for the multi-model median standardized by the spatial standard deviation of the index climatology in the
reanalysis, representing absolute errors for CMIP3 and CMIP5 ensembles. Results for four different reference datasets,
ERA-interim (top), ERA40 (left), NCEP/NCAR (right) and NCEP-DOE (bottom) reanalyses, are shown in each box.
The analysis period is 1981-2000 and only land areas are considered. The indices shown are simple daily precipitation
intensity index (SDII), consecutive dry days (CDD), annual maximum 5-day/1-day precipitation (RX5day/RX1day),
tropical nights (TR), frost days (FD), annual minimum/maximum daily maximum surface air temperature (TXn/TXXx)
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and annual minimum/maximum daily minimum surface air temperature (TNn/TNXx). Note that only a small selection of
the indices analysed in Sillmann et al. (2012) is shown, preferentially those that appear in other Chapters (2, 10, 11, 12,
14). (b)-(e) Time series of global mean temperature extreme indices over land from 1948 to 2010 for CMIP3 (green)
and CMIP5 (black) models, ERA40 (blue) and NCEP/NCAR (cyan) reanalyses and HadEX station-based observational
dataset (red) based on Sillmann et al. (2012). Shading for model results indicates the 25th to 75th quantile range of
inter-model spread. Grey shading along the horizontal axis indicates the evolution of globally averaged volcanic forcing
according to Sato et al. (1993). The indices shown are the frequency of daily minimum/maximum surface air
temperature below 10th percentile (b: Cold nights/c: Cold days) and that above 90th percentile (d: Warm nights/e:
Warm days) of 1961-1990 base period. Note that, as these indices essentially represent changes relative to the base
period, they are particularly suitable for being shown in time series and not straightforward for being shown in (a).
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4 Figure 9.38: Mean annual cycle of (a) temperature (°C) and (b) precipitation (mm day ™). The average is taken over
5 land areas within the indicated rectangles, and over the period 1980-1999. The red thick line is the average over 37
6  CMIP5 models (red thin lines), the green thick line is the average over 22 CMIP3 models (green thin lines) and the
7 black thick line is the CRU TS3.10 observational data for temperature and CRU TS3.10.1 for precipitation. Note that
8  some of the sub-plots have different axis-ranges.
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Figure 9.39: Seasonal and annual mean biases of (left) temperature (in °C) and (right) precipitation (in %) in the SREX
land regions (cf. Seneviratne et al., 2012, page 12. The region’s coordinates can be found from their online Appendix
3.A). The 5th, 25th, 50th, 75th and 95th percentiles of the biases in 34 CMIP5 models are given in box-whisker format,
and the corresponding values for 23 CMIP3 models with crosses, as indicated in the legend in the top-right panel. The
CMIP3 models’ 20C3M simulations are complemented with the corresponding A1B runs for the 2001-2005 period.
The biases are calculated over the period 1986-2005, using CRU T3.10 as the reference for temperature and CRU TS
3.10.01 for precipitation. The regions are: Alaska/NW Canada (ALA), Eastern Canada/Greenland/Iceland (CGl),
Western North America (WNA), Central North America (CNA), Eastern North America (ENA), Central
America/Mexico (CAM), Amazon (AMZ), NE Brazil (NEB), West Coast South America (WSA), South-Eastern South
America (SSA), Northern Europe (NEU), Central Europe (CEU), Southern Europe/the Mediterranean (MED), Sahara
(SAH), Western Africa (WAF), Eastern Africa (EAF), Southern Africa (SAF), Northern Asia (NAS), Western Asia
(WAS), Central Asia (CAS), Tibetan Plateau (TIB), Eastern Asia (EAS), Southern Asia (SAS), South-Eastern Asia
(SEA), Northern Australia (NAS) and Southern Australia/New Zealand (SAU). Note that the region WSA is poorly
resolved in the models.
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; Southern Tropical Pacific: 5°S5-25°S, 155°E-130°W; Antarctic: 50°S-90°S.
9-210

Caribbean: 10°N-25°N, 85°W-60°W, West Indian Ocean: 25°S-5°N, 52°E—
60°E-95°E; Northern Tropical Pacific: 5°N-25°N, 155°E-150°W; Equatorial

‘W

Figure 9.40: As Figure 9.39, but for various polar and ocean regions, and using ERA Interim reanalysis as the reference
N

for temperature and GPCPCMAP for precipitation. Global land, ocean and overall means are also shown. The regions

shown are defined as; Arctic: 67.5-90°
As an indicator of observational uncertainty, the normalised difference between CMAP and GPCP precipitation is

Tropical Pacific: 5°S-5°N, 155°E-130
shown with dotted lines.

75°E; North Indian Ocean: 5°N-30°N,
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Figure 9.41: Summer seasonal mean (JJA, 1987-2008) in southern-Norway gridded observational precipitation with 1
km resolution from Met.no (Mohr, 2008), and RCM-simulated precipitation with boundary conditions from the ERA40
reanalysis and ECMWF operational analysis (top row). The RCM was run at four different resolutions ranging from 50
to 6 km. Differences between the simulated precipitation and the gridded observations aggregated from 1 km to
respectively 50, 25, 12 and 6 km grids are shown in the bottom row. After Giittler et al. (2012).
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Figure 9.42: Ranked modelled versus observed monthly mean temperature for a Mediterranean region for the 1961—
2000 period. The RCM data (panel a) are from Christensen et al. (2008) and are adjusted to get a zero mean in model
temperature with respect to the diagonal. The smaller insert shows uncentred data. The GCM data in panel b are from
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7 CMIP3 and adjusted to get a zero mean in model temperature with respect to the diagonal. Figure after Boberg and
8 Christensen (2012).
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Figure 9.43: A) Equilibrium climate sensitivity (ECS) against the global mean surface air temperature of CMIP5

models for the period of 1961 to 1990. B) Equilibrium climate sensitivity against transient climate response (TCR). The

ECS and TCR information is taken from Andrews et al. (2012b).
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Figure 9.44: a) Feedback parameters for CMIP3 and CMIP5 models (left and right columns of symbols) for water
vapour (WV), clouds (C), albedo (A), lapse rate (LR), combination of water vapour and lapse rate (WV+LR), and sum
of all feedbacks (ALL) updated from Soden and Held (2006). CMIP5 feedbacks are derived from CMIP5 simulations
for abrupt four-fold increases in CO, concentrations (4 x CO,). b) ECS obtained using fixed-SST and regression
techniques by Andrews et al. (2012b) against ECS estimated from the ratio of CO, radiative forcing to the sum of all
feedbacks. The CO, radiative forcing is one-half the 4 x CO, forcings from Andrews et al. (2012b), and the sum of
feedbacks (ALL + Planck) is updated from Soden and Held (2006).
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Figure 9.45: Summary of the findings of Chapter 9 with respect to how well the CMIP5 models simulate important
features of the climate of the 20th century. Confidence in the assessment increases towards the right as suggested by the
increasing strength of shading. Model quality increases from bottom to top. The color coding indicates improvements
from CMIP3 (or models of that generation) to CMIP5. The assessment is mostly based on the multi-model mean, not
excluding that deviations for individual models could exist. Note that assessed model quality is simplified for
representation in the figure and it is referred to the text for details of each assessment. The figure highlights the
following key features, with the sections that back up the assessment added in brackets:

PANEL a:

AMOC Atlantic Meridional Overtuning Circulation mean (Section 9.4.2.3)
AntSIE Annual cycle Antarctic sea ice extent (Section 9.4.3)

ArctSIE Annual cycle Arctic sea ice extent (Section 9.4.3)

Blocking Blocking events (Section 9.5.2.2)

CLD Clouds (Section 9.4.1.1.2)

fgCO2 Global ocean carbon sink (Section 9.4.5.3)

fgCO2-sp Spatial pattern of ocean-atmosphere CO, fluxes (Section 9.4.5.3)
MHT Meridional heat transport (Section 9.4.2.4)

Monsoon Global monsoon (Section 9.5.2.3)

NBP Global land carbon sink (Section 9.4.5.3)

NBP-sp Spatial pattern of land-atmosphere CO, fluxes
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Large scale precipitation (Section 9.4.1)

Diurnal cycle precipitation (Section 9.5.2.2)

Regional scale precipitation (Section 9.6.1.1)

Snow albedo feedbacks (Section 9.8.3)

Sea surface salinity (Section 9.4.2.1)

Sea surface temperature (Section 9.4.2.1

Large scale surface air temperature (Section 9.4.1)
Diurnal cycle surface air temperature (Section 9.5.2.1)
Regional scale surface air temperature (Section 9.6.1.1)
Tropospheric column ozone climatology (Section 9.4.1.3.5)
Tropical Atlantic / Pacific mean state (Section 9.4.2.5)
Tropical Indian Ocean mean state (Section 9.4.2.2.5)
Tropical Pacific mean state (Section 9.4.2.5)

Western boundary current (Section 9.4.2.3)

Zonal mean zonal wind stress (Section 9.4.2.4)

Trend in Antarctic sea ice extent (Section 9.4.3)

Trend in Arctic sea ice extent (Section 9.4.3)

Lower stratospheric temperature trends (Section 9.4.1.3.5)
Global ocean heat content trends (Section 9.4.2.2)

Total column ozone trends (Section 9.4.1.3.5)

Surface air temperature trends (Section 9.4.1)

Upper tropospheric temperature trends (Section 9.4.1.3.2)

Atlantic Meridional Mode (Section 9.5.3.3)

Atlantic Meridional Overtuning Circulation (Section 9.5.3.3)
Atlantic Multi-decadal Variability (Section 9.5.3.3)
Atlantic Nifio (Section 9.5.3.3)

Interannual variability of atmospheric CO2 (Section 9.4.5)
El Nifio Southern Oscillation (Section 9.5.3.4)

Tropical ENSO teleconnections (Section 9.5.3.5)

Indian ocean dipole (Section 9.5.3.4)

Indian ocean dipole (Section 9.5.3.4)

Madden Julian Oscillation (Section 9.5.2.2)

North Atlantic Oscillation (Section 9.5.3.2)

Global ocean heat content variability (Section 9.4.2.2)
Pacific Decadal Oscillation (Section 9.5.3.4)

Pacific North American (Section 9.5.3.5)

Quasi-Biennal Oscillation (Section 9.5.3.5)

Southern Annual Mode (Section 9.5.3.2)

Global sea surface temperature variability (Section 9.5.3.1)

Year-to-year counts of Atlantic hurricanes in high-resolution AGCMs (Section 9.5.4.3)
Global distributions of precipitation extremes (Section 9.5.4.2)

Global distribution of precipitation extremes in high-resolution AGCMs (Section 9.5.4.2)
Global trends in precipitation extremes (Section 9.5.4.2)

Global distributions of surface air temperature extremes (Section 9.5.4.1)

Global trends in surface air temperature extremes (Section 9.5.4.1)

Tropical cyclone tracks and intensity in high-resolution AGCMs (Section 9.5.4.3)
Droughts (Section 9.5.4.3)
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Figure 9.46: Left: Scatter plot of simulated springtime snow albedo feedback (Aos/ATs) values in climate change (y-
axis) versus simulated springtime Aag/AT; values in the seasonal cycle (x-axis) in transient climate change experiments
from 17 CMIP3 (blue) and 25 CMIP5 models (o and T are surface albedo and surface air temperature, respectively).
Adapted from Hall and Qu (2006) and Qu and Hall (2012). Right: Constraint on the climate sensitivity of land carbon in
the tropics (30°N-30°S) from interannual variability in the growth-rate of global atmospheric CO, (Cox et al., 2012).
This is based on results from ESMs with free-running CO,; C*MIP GCMs (black labels, (Friedlingstein et al., 2006)),
and three land carbon “physics ensembles” with HadCM3 (red labels, (Booth et al., 2012)). The y-axis is calculated
over the period 1960-2099 inclusive, and the y-axis is calculated over the period 1960-2010 inclusive. In both cases the
temperature used is the mean (land+ocean) temperature over 30°N-30°S. The vertical grey band shows the estimated
sensitivity of the observed global CO, growth-rate to the observed tropical mean temperature.
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Preliminary DRAFT — will be redrawn when
more complete results are available

FAQ 9.1, Figure 1: Model error in simulating annual mean temperature and precipitation as produceed in the three
recent phases of the Coupled Model Intercomparison Project (CMIP2, CMIP3 and CMIP5). The upper portion of the
figure shows the root mean squared error (a measure of local discrepancies between model and observation) that has
been normalized by the observational standard deviation to allow comparison across variables. Each symbol represents
the result from a particular model. Larger values indicate larger errors; smaller errors going from left to right indicate
model improvement. Across the bottom of the figure, the sketches indicate evolution in model complexity and model
resolution, both of which have improved from CMIP2 to CMIP5. [PLACEHOLDER FOR FINAL DRAFT: to be
updated as more results from CMIP5 simulations are analyzed and a consistent observational reference is used in the
error calculation.] Redrafted from Gleckler et al. (2008) and updated with CMIP5 results.
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