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Figure 2.14: Global annual average Land-Surface Air Temperature (LSAT) anomalies relative to a 1961-1990
climatology from the latest versions of four different datasets (Berkeley, CRUTEM, GHCN and GISS).
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Figure 2.18: Global annual average Sea Surface Temperature (SST) and Night Marine Air Temperature (NMAT)
relative to a 1961-1990 climatology from state of the art datasets. Spatially interpolated products are shown by
solid lines; non-interpolated products by dashed lines.
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Figure 2.20: Annual Global Mean Surface Temperature (GMST) anomalies relative to a 1961-1990 climatology from
the latest version of the three combined Land-Surface Air Temperature (LSAT) and Sea Surface Temperature (SST)

datasets (HadCRUT4, GISS and NCDC MLOST). Published dataset uncertainties are not included for reasons discussed
in Box 2.1.
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Figure 2.19: Decadal Global Mean Surface
Temperature (GMST) anomalies (white vertical
lines in grey blocks) and their uncertainties
(90% confidence intervals as grey blocks) based
upon the Land-Surface Air Temperature (LSAT)
and Sea Surface Temperature (SST) combined
HadCRUT4 (v4.1.1.0) ensemble (Morice et al.,
2012). Anomalies are relative to a 1961-1990
climatology.1850s indicates the period 1850-
1859, and so on. NCDC MLOST and GISS dataset
best-estimates are also shown.
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Figure 2.21: Trends in Global Mean Surface Temperature
(GMST) from the three datasets of Figure 2.20 for 1901-2012.
White areas indicate incomplete or missing data. Trends
have been calculated only for those grid boxes with greater
than 70% complete records and more than 20% data
availability in first and last decile of the period. Black plus
signs (+) indicate grid boxes where trends are significant (i.e.,
a trend of zero lies outside the 90% confidence interval).
Differences in coverage primarily reflect the degree of
interpolation to account for data void regions undertaken by
the dataset providers ranging from none beyond grid box
averaging (HadCRUT4) to substantial (GISS).
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Figure 2.26: Trends in upper air temperature
for all available radiosonde data products that
contain records for 1958-2012 for the globe
(top) and tropics (20°'N-20°S) and extra-tropics
(bottom). The bottom panel trace in each case
is for trends on distinct pressure levels. Note
that the pressure axis is not linear. The top
panel points show MSU layer equivalent
measure trends. MSU layer equivalents have
been processed using the method of Thorne et
al. (2005). No attempts have been made to
sub-sample to a common data mask.
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Figure 2.28: Annual precipitation
anomalies averaged over land areas for
four latitudinal bands and the globe
from five global precipitation datasets
relative to a 1981-2000 climatology.
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Figure 2.29: Trends in
precipitation over land from
the CRU, GHCN and GPCC
datasets for 1901-2010 (left
hand panels) and 1979-2010
(right hand panels). Trends
have been calculated only for
those grid boxes with greater
than 70% complete records
and more than 20% data
availability in first and last
decile of the period. White
areas indicate incomplete or
missing data. Black plus signs
(+) indicate grid boxes where
trends are significant (i.e., a
trend of zero lies outside the
90% confidence interval).
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(@) 1973-2012

Figure 2.30: a) Trends in surface specific
humidity from HadISDH and NOCS over
1973-2012. Trends have been calculated
only for those grid boxes with greater than
70% complete records and more than 20%
data availability in first and last decile of
the period. White areas indicate
incomplete or missing data. Black plus
signs (+) indicate grid boxes where trends
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Trend (g/kg/decade) outside the 90% confidence interval). b)
(b) Global annual average anomalies in land

surface specific humidity from Dai (2006;
red), HadCRUH (Willett et al.,, 2013;
orange), HadISDH (Willett et al.,, 2013;
black), and ERA-Interim (Simmons et al,,
2010; blue). Anomalies are relative to the
1979-2003 climatology.
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Figure 2.31: a) Trends in column
integrated water vapour over ocean
surfaces from Special Sensor Microwave
Imager, (Wentz et al., 2007) for the
period 1988-2010. Trends have been
calculated only for those grid boxes
with greater than 70% complete records
and more than 20% data availability in

I [ [ [ I [ [
-10 -5 -25 -1 -05-0250. 02505 1 25 5 10 first and last decile of the period. Black
Trend (g/kg/decade) plus signs (+) indicate grid boxes where
(b) trends are significant (i.e., a trend of
< 06 zero lies outside the 90% confidence

interval). b) Global annual average
anomalies in column integrated water
vapour averaged over ocean surfaces.
Anomalies are relative to the 1988-
2007 average.
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FAQ 2.2, Figure 1: Distribution of (a) daily
minimum  and (b) daily maximum
temperature anomalies relative to a
1961-1990 climatology for two periods:
1951-1980 (blue) and 1981-2010 (red) using
the HadGHCND dataset. The shaded blue and
red areas represent the coldest 10% and
warmest 10% respectively of (a) nights and (b)
days during the 1951-1980 period. The darker
shading indicates by how much the number of
the coldest days and nights has reduced (dark
blue) and by how much the number of the
warmest days and nights has increased (dark
red) during the 1981-2010 period compared
to the 1951-1980 period.
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Figure 2.32: Trends in annual frequency of extreme
temperatures over the period 1951-2010, for: (a)
cold nights (TN10p), (b) cold days (TX10p), (c) warm
nights (TN90p) and (d) warm days (TX90p) (Box 2.4,
Table 1). Trends were calculated only for grid boxes
that had at least 40 years of data during this period
and where data ended no earlier than 2003. Grey
areas indicate incomplete or missing data. Black plus
sighs (+) indicate grid boxes where trends are
significant (i.e., a trend of zero lies outside the 90%
confidence interval). The data source for trend maps
is HadEX2 (Donat et al., 2013c) updated to include
the latest version of the European Climate
Assessment dataset (Klok and Tank, 2009). Beside
each map are the near-global time series of annual
anomalies of these indices with respect to 1961-
1990 for three global indices datasets: HadEX2 (red);
HadGHCND (Caesar et al., 2006; blue) and updated
to 2010 and GHCNDEX (Donat et al., 2013a; green).
Global averages are only calculated using grid boxes
where all three datasets have at least 90% of data
over the time period. Trends are significant (i.e., a
trend of zero lies outside the 90% confidence
interval) for all the global indices shown.
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Box 2.4, Figure 1: Trends in the warmest day of the
year using different datasets for the period 1951-2010.
The datasets are (a) HadEX2 (Donat et al., 2013c)
updated to include the latest version of the European
Climate Assessment dataset (Klok and Tank, 2009), (b)
HadGHCND (Caesar et al., 2006) using data updated to
2010 (Donat et al., 2013a), and (c) Globally averaged
annual warmest day anomalies for each dataset. Trends
were calculated only for grid boxes that had at least 40
years of data during this period and where data ended
no earlier than 2003. Grey areas indicate incomplete or

L ”-irgﬁ%%,gmﬁijge} RN missing data. Black plus signs (+) indicate grid boxes
(c) Global Land Average where trends are significant (i.e., a trend of zero lies
20 r outside the 90% confidence interval). Anomalies are
1.5 E-ZEEEE’.?CND only calculated using grid boxes where both datasets
1.0 have data and where 90% of data are available.
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Figure 2.33: Trends in (a) annual amount of

precipitation from days >95th percentile

(R95p) (b) daily precipitation intensity (SDII)

(a) R95p 1951 2010 (b) SDII 1951-2010 and (c) frequency of the annual maximum
S iy ) _ number of consecutive dry days (CDD) (Box

2.4, Table 1). Trends are shown as relative
values for better comparison across
different climatic regions. Trends were
calculated only for grid boxes that had at
least 40 years of data during this period
and where data ended no earlier than
2003. Grey areas indicate incomplete or
missing data. Black plus signs (+) indicate
grid boxes where trends are significant (i.e.,

20 1510 5 0 5 10 15 20 20 1510 5 0 5 10 15 20 \ \
Trend (%/decade) Trend (%/decade) a trend of zero lies outside the 90%
confidence interval). The data source for

(c) CDD 1951-2010 (d) HY-INT 1975 2000 trend maps is HadEX2 (Donat et al., 2013a)
e e ) : i : updated to include the latest version of the
European Climate Assessment dataset
(Klok and Tank, 2009). (d) Trends
(normalized units) in hydroclimatic
intensity (HY-INT: a multiplicative measure
of length of dry spell and precipitation
intensity) over the period 1976-2000
(adapted from Giorgi et al. (2011). An
increase (decrease) in HY-INT reflects an
20 1510 5 0 5 10 15 20 08 -04 02 0 02 04 08 increase (decrease) in the length of
Trend (%/decade) Trend (Normalised Units) drought and /or extreme precipitation

events
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Figure 2.34: Normalized 5-year running
means of the number of (a) adjusted land
 Landfalling Tropical Cyclones, Eastern Australia falling eastern Australian tropical cyclones

' t ' (adapted from Callaghan and Power (2011)
(b) and updated to include 2010/2011 season)
and (b) unadjusted land falling U.S. hurricanes
(adapted from Vecchi and Knutson (2011) and
(c) land-falling typhoons in China (adapted
from CMA, 2011). Vertical axis ticks represent
one standard deviation, with all series

Landfalling Hurricanes, United States normalized to unit standard deviation after a
: : ' 5-year running mean was applied.
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Figure 3.1:

a) Depth-averaged 0-700 m temperature trend
for 1971-2010 (longitude vs. latitude, colors
and grey contours in C per decade).

b) Zonally-averaged temperature trends (latitude
versus depth, colors and grey contours in C
per decade) for 1971-2010, with zonally
averaged mean temperature over-plotted
(black contours in °C).

c) Globally-averaged temperature anomaly (time
versus depth, colors and grey contours in C)
relative to the 1971-2010 mean.

d) Globally-averaged temperature difference
between the ocean surface and 200 m depth
(black: annual values, red: 5-year running
mean). All panels are constructed from an
update of the annual analysis of Levitus et al.
(2009).
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I Atmosphere X Box 3.1, Figure 1: Plot of energy accumulation
- — - — Uncertainty / in ZJ (1 Z) = 1021 J) within distinct components
200 1 - of Earth’s climate system relative to 1971 and

from 1971-2010 unless otherwise indicated.
See text for data sources. Ocean warming (heat
content change) dominates, with the upper
ocean (light blue, above 700 m) contributing
more than the deep ocean (dark blue, below
700 m; including below 2000 m estimates
starting from 1992). Ice melt (light grey; for
glaciers and ice caps, Greenland and Antarctic
ice sheet estimates starting from 1992, and
Arctic sea ice estimate from 1979-2008);
continental (land) warming (orange); and
atmospheric warming (purple; estimate starting

NSTNRIN from 1979) make smaller contributions.
7 Uncertainty in the ocean estimate also
=50 - 4 3 dominates the total uncertainty (dot-dashed
PR lines about the error from all five components
at 90% confidence intervals).
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Figure 3.6: Time series of annual mean global
e (b}' ' UGN ocean average evaporation (red line panel a),
N0 | —— ——— 1 sensible heat flux (green ine panel b) and
. Sensible | latent heat flux (blue line panel b) from 1958
to 2012 determined by Yu from a revised and
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; a1 " Satelite ;- dataset Yu and Weller (2007). Shaded bands
= show uncertainty estimates and the black
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FAQ 3.3, Figure 1: Changes in sea
surface salinity are related to the
atmospheric patterns of Evaporation
NN ToadiR minus Precipitation (E-P) and trends in

o5 total precipitable  total precipitable water: a) Linear trend
water vapour

°0 (1988-2010) (1988-2010) in total precipitable water
;ji (water vapor integrated from Earth’s
(kg m* perdasHER) surface up through the entire

atmosphere) (kg m=2 per decade) from
satellite observations (Special Sensor

100 (D) Mean \

evaporation Microwave Imager) (after Wentz et al.,
: g’g;;itation 2007) (blues wetter; yellows drier). b)
-100 The 1979-2005 climatological mean net
(cmyr?) E-P (cm yr') from meteorological
reanalysis  (National Centers for
. Environmental Prediction/National

08 (c) Trend in ,
04 surface salinity Center for Atmospheric Research;
zj UREEAR Kalnay et al, 1996) (reds: net
08 evaporation; blues: net precipitation). c)
(PSS78 per decade) Trend (1950-2000) in surface salinity

(PSS78 per 50years) (after Durack and

Wijffels, 2010) (blues freshening;
X (Si)rgﬁjga,my yellows-reds saltier). d) The
R climatological-mean surface salinity
(PSS78) (blugs <35; yellows-reds >35).
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Figure 3.13: Global mean sea level anomalies (in mm) from the different measuring systems as they have
evolved in time, plotted relative to 5-year mean values that start at a) 1900, b) 1993, c) 1970, and d) 2005. a)
Yearly average GMSL reconstructed from tide gauges (1900-2010) by three different approaches (Jevrejeva et
al., 2008; Church and White, 2011; Ray and Douglas, 2011), b) GMSL (1993-2010) from tide gauges and
altimetry (Nerem et al., 2010) with seasonal variations removed and smoothed with a 60-day running mean c)
GMSL (1970-2010) from tide gauges along with the thermosteric component to 700 m, (3-year running mean)
estimated from in situ temperature profiles (updated from Domingues et al., 2008), d) the GMSL (nonseasonal)
from altimetry and that computed from the mass component (GRACE) and steric component (Argo) from 2005—
2010 (Leuliette and Willis, 2011), all with a 3-month running mean filter. All uncertainty bars are one standa

rror,as reported by the authors. The thermosteric component is just a portion offtotal sea level i
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FAQ 5.2, Figure 1: (a) Estimates of the average rate of global mean sea level change (in mm yr-1) for five selected time
intervals: last glacial-to-interglacial transition; Meltwater Pulse 1a; last 2 millennia; 20th century; satellite altimetry era
(1993—-2012). Blue columns denote time intervals of transition from a glacial to an interglacial period, whereas orange
columns denote the current interglacial period. Black bars indicate the range of likely values of the average rate of
global mean sea level change. Note the overall higher rates of global mean sea level change characteristic of times of
transition between glacial and interglacial periods. (b) Expanded view of the rate of global mean sea level chahge
d e time intervals of the present interglacial.
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CO,Time Series in the North Pacific
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FAQ 3.2, Figure 1: A smoothed time series of atmospheric CO, mole fraction (in ppm) at the atmospheric Mauna Loa
Observatory (top red line), surface ocean partial pressure of CO, (pCO,; middle blue line), and surface ocean pH
(bottom green line) at Station ALOHA in the subtropical North Pacific north of Hawaii for the period from1990-2011
(after Doney et al., 2009; data from Dore et al., 2009). The results indicate that thegsurface ocean pCO, tre |s
g ally. consistent with the atmospheric increase but is more variable due to large-seale interannual_variabili
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Figure 4.1: The cryosphere in the Northern and Southern
Hemispheres in polar projection. The map of the Northern
Hemisphere shows the sea ice cover during minimum
summer extent (13th September 2012). The yellow line is
the average location of the ice edge (15% ice concentration)
for the yearly minima from 1979 to 2012. Areas of
continuous permafrost (see Glossary) are shown in dark
pink, discontinuous permafrost in light pink. The green line
along the southern border of the map shows the maximum
snow extent while the black line across North America,
Europe and Asia shows the contour for the 50% snow extent.
The Greenland ice sheet (blue/grey) and locations of
glaciers (small golden dots) are also shown. The map of the
Southern Hemisphere shows approximately the maximum
sea ice cover during an austral winter (13th September
2012). The yellow line shows the average ice edge (15% ice
concentration) during maximum extent of the sea ice cover
from 1979 to 2012. Some of the elements (e.g., some
glaciers and snow) located at low latitudes are not visible in
this projection (see Figure 4.8). The source of the data for
sea ice, permafrost, snow and ice sheet are datasets held at
the National Snow and Ice Data Center (NSIDC), University
: of Colorado, on behalf of the North American Atlas, Instituto
i A Nacional de Estadistica, Geografia e Informatica (Mexico),
I DREoRHIROUs Permatront - Natural Resources Canada, U.S. Geological Survey,
O VS YPAV RO Government of Canada, Canada Centre for Remote Sensing

50% Snow Extent Line and The Atlas of Canada. Glacier locations were derived
~ Max Snow Extent Line from the multiple datasets compiled in the Randolph Glacier
Inventory (Arendt et al., 2012).
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Figure 4.13: Key variable related to the
determination of the Greenland ice sheet mass
changes. (a) mean surface mass balance for
1989-2004 from regional atmospheric climate
modelling (Ettema et al.,, 2009); (b) ice sheet
velocity for 2007-2009 determined from satellite
data, showing fastest flow in red, fast flow in
blue, and slower flow in green and yellow
(Rignot and Mouginot, 2012); (c) changes in ice
sheet surface elevation for 2003-2008 _ - _ B 2006-2012
determined from ICESat altimetry, with elevation ‘ (-
decrease in red to increase in blue (Pritchard et
al., 2009). (d-e) Temporal evolution of ice loss
determined from GRACE time-variable gravity,
shown in centimetres of water per year for the
periods (a) 2003-2012, (b) 2003-2006 and (c)
2006—2012, colour coded red (loss) to blue (gain)
(Velicogna, 2009). Fields shown in (a) and (b) are
used together with ice thickness (see Figure 4.18)
in the mass budget method.
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Figure 4.14: Key fields relating to the determination of Antarctica ice sheet mass changes. (a) mean surface mass
balance for 1989—-2004 from regional atmospheric climate modelling (van den Broeke et al., 2006); (b) ice sheet velocity
for 2007-2009 determined from satellite data, showing fastest flow in red, fast flow in blue, and slower flow in green
and yellow (Rignot et al., 2011a); (c) changes in ice sheet surface elevation for 2003—2008 determined from ICESat
altimetry, with elevation decrease in red to increase in blue (Pritchard et al., 2009). (d-e) Temporal evolution of ice loss
determined from GRACE time-variable gravity, shown in centimetres of water per year for the periods (a) 2003-2012, (b)
2003-2006 and (c) 2006—2012, colour coded red (loss) to blue (gain) (Velicogna, 2009). Fields shown

in(a) and (b) are used together with ice thickness (see Figure 4.18) in the mass budget method
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Figure 4.17: Rate of ice sheet loss in sea level equivalent averaged over 5-year periods between 1992
and 2011. These estimates are derived from the data in Figure 4.15 and Figure 4.16.
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FAQ 4.2, Figure 1: The mean circulation pattern of sea ice and the decadal trends (%) in annual anomalies in

ice extent (i.e., after removal of the seasonal cycle), in different sectors of the Arctic and Antarctic. Arrows

show the average direction and magnitude of ice drift. The average sea ice cover for the period 1979
rough 2012, from satellite observations, at maximum (minimum) extent is showh asorange (grey) shadin
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Figure 4.12:
Global cumulative (top graphs) and annual (lower graphs) glacier mass change for (a) 1801-2010 and (b) 1961-2010.
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Figure 4.19: March-April NH snow cover extent (SCE, circles) over the period of available data, filtered with a
13-term smoother and with shading indicating the 95% confidence interval; and June SCE (red crosses, from
satellite data alone), also filtered with a 13-term smoother. The width of the smoothed 95% confidence
interval is influenced by the interannual variability in SCE. Updated, from Brown and Robinson (2011). For both
time series the anomalies are calculated relative to the 1971-2000 mean.
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Figure 4.22: Time series of mean annual ground
temperatures at depths between 10 and 20 m for
boreholes throughout the circumpolar northern
permafrost regions (Romanovsky et al., 2010a).
Data sources are from Romanovsky et al. (2010b)
and Christiansen et al. (2010). Measurement
depth is 10m for Russian boreholes, 15 m for
Gulkana and Oldman, and 20 m for all other
boreholes. Borehole locations are: Z7ZS-124 -

67.48'N 063.48°E; 85-8A — 61.68'N 121.18'W;
Gulkana —62.28°N 145.58°W; YA-1 — 67.58°N 648E;

’

Oldman - 66.48'N 150.68°'W; Happy Valley —
69.18°'N 148.88°W; Svalbard — 78.28°'N 016.58°E;
Deadhorse —70.28°'N 148.58°'W,; and West Dock —
70.48°N 148.58°W. The rate of change ("C/decade)
in permafrost temperature over the period of
each site record is: ZS-124: 0.53 £ 0.07; YA-1: 0.21
1 0.02; West Dock: 0.64 + 0.08; Deadhorse: 0.82 £
0.07; Happy Valley: 0.34 £ 0.05; Gaibrath Lake:
0.35 1 0.07; Gulkana: 0.15 + 0.03; Old Man: 0.40
0.04; and Svalvard: 0.63 * 0.09. (The trends are
very likely range, 90%)






