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Figure 2.7: Annually averaged surface ozone mixing ratios from regionally representative monitoring sites around the
world. Top: Europe with trend lines fit through the data prior to 2000 when ozone was generally increasing. Middle:
East Asia and western North America. Bottom: Remote sites in the NH and SH. Time series include data from all times
of day and trend lines are linear regressions described in Parrish et al. (2012).
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Figure 2.8: Relative changes in tropospheric NO, column amounts, normalized for 1996, derived from two
instruments, the Global Ozone Monitoring Experiment (GOME) from 1996 to 2002 and the Scanning Imaging
Spectrometer for Atmospheric Cartography (SCIAMACHY) from 2003 to 2010. Updated from (Richter et al., 2005).

Do Not Cite, Quote or Distribute 2-149 Total pages: 191



© 00 N O U~ wWwN

Second Order Draft Chapter 2 IPCC WGI Fifth Assessment Report

-1.2 . 0.0 0.4 0.8 1.2 1.6

Trend 100xA0D/year (0.55 um)

Figure 2.9: Trends in aerosol optical depth (AOD) for the ten-year period 2000-2009, based on de-seasonalized,
conservatively cloud-screened MODIS aerosol data over oceans (Zhang and Reid, 2010). Negative AOD trends off
Mexico are due to enhanced volcanic activity at the beginning of the record. Most non-zero trends are significant at
95% confidence levels (Zhang and Reid, 2010).
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Figure 2.10: Trends in aerosol optical depth (AOD) using SeaWiFS data from 1998 to 2010 (Hsu et al., 2012).
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Figure 2.11: Trends in particulate matter (PM) and sulphate in Europe and USA. The trends are based on
measurements from the EMEP (Torseth et al., 2012) and IMPROVE (Hand et al., 2011) networks in Europe and USA,
respectively. Sites with significant trends to p = 0.05 or better are shown in colour codes, the black dots are sites with

non-significant trends.
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Box 2.2, Figure 1: Top: Global mean surface temperature anomalies relative to a 1961-1990 climatology based on
HadCRUT4 annual data (dots). The straight black lines are Least Squares trends for 1901-2011, 1901-1950 and 1951
2011. Bottom: Same data as top, with Smoothing Spline (solid curve) and the 90% confidence interval on the smooth

curve (shading).
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Figure 2.12: Global mean energy budget under present day climate conditions. Numbers state magnitudes of the
individual energy flows in Wm ™, adjusted within their uncertainty ranges to close the energy budgets. Numbers in
parentheses attached to the radiative fluxes cover the range of values in line with observational constraints (based on
Loeb et al., 2009; Stephens et al., in press; Trenberth and Fasullo, 2012; Wild et al., submitted).
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Figure 2.13: Comparison of net TOA flux and upper ocean heating rates. Global annual average net TOA flux from (a)
CERES observations (based upon the EBAFTOA _Ed2.6 product) and (b) ERA Interim reanalysis are anchored to an
estimate of Earth’s heating rate for 2006—2010. The Pacific Marine Environmental Laboratory/Jet Propulsion
Laboratory/Joint Institute for Marine and Atmospheric Research (PMEL/JPL/JIMAR) ocean heating rate estimates (a)
use data from Argo and World Ocean Database 2009; The gray bar (b) corresponds to one standard deviation about the
2001-2010 average net TOA flux of 15 CMIP3 models. From Loeb et al.(2012).
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Figure 2.14: Annual mean surface solar radiation (in W m?) as observed at Potsdam, Germany, from 1937 to 2010.
Five year moving average in blue. Updated from Wild (2009) and Ohmura (2009).
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Figure 2.15: Global annually averaged LSAT anomalies relative to a 1961-1990 climatology from the latest versions
of four different data sets.
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Global Sea Surface Temperature and Night Marine Air Temperature
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Figure 2.16: Global annually averaged SST and NMAT relative to a 1961-1990 climatology from gridded data sets of
SST observations (HadSST2 and its successor HadSST3), the raw SST measurement archive (ICOADS, v2.5) and night
marine air temperatures data set H)dNMAT?2 (Kent et al., Submitted). Both HadSST2 and HadSST3 are based on SST
observations from versions of the ICOADS data set, where some measurement biases were corrected. Largest
corrections are applied to the period before 1941 and are informed, in particular, by night marine air temperature data.
In HadSST3 biases are adjusted for the entire period (Kennedy et al., 2011).
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Figure 2.17: Temporal changes in the prevalence of different measurement methods in the ICOADS. Top: fractional
contributions of observations made by different measurement methods: bucket observations (blue), ERI and hull contact
sensor observations (green), moored and drifting buoys (red), and unknown (yellow). Bottom: Global annual average
SST anomalies based on different kinds of data: engine room intake (ERI) and hull contact sensor (green), bucket
(blue), buoy (red), and all (black). Averages are computed over all times and locations where both ERI and hull
measurements, (but not necessarily buoy data) were simultaneously available. Adapted from Kennedy et al. (2011).
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Figure 2.18: Global monthly mean SST anomaly from satellites (ATSRs) and in situ records (HadSST3). Black lines:
the 100 member HadSST3 ensemble. Red lines: ATSR night-time SST », estimates from the ATSR Reprocessing for
Climate (ARC) project. Retrievals based on three spectral channels (D3, solid line) are more accurate than retrievals
based on only two (D2, dotted line). Contributions of the three different ATSR missions to the curve shown are
indicated at the bottom. The in situ and satellite records were co-located within 5° x 5° monthly grid boxes: only those
where both data sets had data in the same month were used in the comparison. Adapted from Merchant et al.

(Submitted).
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Global Sea Surface Temperature Timeseries
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Figure 2.19: Global annually averaged SST and NMAT relative to a 1961-1990 climatology from state of the art
datasets. Interpolated products are shown by solid lines; non-interpolated products by dashed lines.
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Figure 2.20: Decadal mean temperature anomalies (white vertical lines) and their uncertainties (5-95 percentile ranges
as coloured blocks) based upon the LSAT and SST combined HadCRUT4 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: Global mean surface temperature anomalies relative to a 1961-1990 climatology from the latest version of
the three combined LSAT and SST data sets.
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Figure 2.22: Trends in surface temperature from the three global datasets for 1901-2011 (left hand panels) and 1979—
2011 (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. Grid boxes where the trend is significant at the
10% level are indicated by a +. Differences in coverage primarily reflect the degree of interpolation undertaken by the
dataset providers ranging from none (HadCRUT4) to substantial (GISS).
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Figure 2.23: Vertical weighting functions for those satellite temperature retrievals discussed in this chapter (modified
from Seidel et al. (2011)). The dashed line indicates the typical maximum altitude achieved in the historical radiosonde
record. The three SSU channels are denoted by the designated names 25, 26 and 27. LS (Lower Stratosphere) and MT
(Mid Troposphere) are two direct MSU measures and LT (Lower Troposphere) and *G (Global Troposphere) are
derived quantities from one or more of these that attempt to remove the stratospheric component from MT.
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Figure 2.24: Global average lower stratospheric (top) and lower tropospheric (bottom) temperature anomalies relative
to a 1981-2010 climatology from different data sets. STAR does not produce a lower tropospheric temperature product.
Note that the y-axis resolution differs between the two panels.
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Figure 2.25: Trends in MSU upper air temperature over 1979 to 2011 from UAH (left hand panels) and RSS (right
hand panels) and for LS (top row) and LT (bottom row). Data are temporally complete within the sampled domains for
each dataset. Grid boxes where the trend is significant at the 10% level are highlighted by a +.
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Figure 2.26: Linear temperature trend estimates for all available radiosonde data products that contain records for
1958-2010 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 2.27: As Figure 2.26 except for the satellite era 1979-2010 period and including MSU products.

Do Not Cite, Quote or Distribute

2-169

Total pages: 191



Second Order Draft Chapter 2 IPCC WGI Fifth Assessment Report

1
. g, - d
e St il ‘,s;{b o~ =
" - i e v <l lacier Volume V‘e
.Air Temperature -
in the lowest few Km (troposphere) - d .
M ‘- 405 Y5
GRS ' empe;éturer
, Over Land
L N
ea Ice
olume & Area A i
4 arine Air Temperature & :
Sea Surface Temperature
?
,!:)cean Heat Content
2
3
4 FAQ 2.1, Figure 1: Repeated analyses of independently measured components of the climate system which would be
5  expected to change in a warming world, exhibit trends consistent with warming (arrow direction denotes the sign of the
6  change), as shown in FAQ 2.1, Figure 2.
7
8

Do Not Cite, Quote or Distribute 2-170 Total pages: 191



©O© 00 N O O~ WwN

=
o

Second Order Draft

Chapter 2

IPCC WGI Fifth Assessment Report

1.0F Land Surface Air Temperature: 5 Datasets 4 06 Tropospheric Temperature
] 04 [ 7 Datasets
g 10 P
5 32 02t
g 0.0 B —g 00F
= Il = P
< o5f = <8 0.2
H 1" 04f
-0.1 :_ —: 0.6k
- = 20F + + +
04F E Ocean Heat Content (0-700m):
T E - 7 Datasets
02F 1= 10}
8 = = =)
~ 00F - =
5 F 18 of
€ 021 =
o - —4 c
c & 1 <<
< 04F = -10f
06F =
: 1 03[ specific Humidity:
0.4 = pecific Humidity:
; J o2} 3 Datasets
~ 02F s
O L. - O
< = 1% o1t
> 00 42
g - J® oo}
§ 02F 35
< E is
04 3 < -0.1F
-06F - o2r
100 + + + - + + "
o E 10} September Arctic Sea-lce Extent:
50 v 3 Datasets
E E. = <
£ O 1E ¢
E; 50 £ 3 <
£-100 E— _; % 6k
-150 - =
= = 41
200 B . . R i i 3
1850 1900 1950 2000
6 — Northern Hemisphere (March-April) Snow Cover: 2 Datasets ] 0} Glacier Mass Balance: 4 Datasets
i 7] 2-200f
E 2 e
£t 4 £-400
A 718
 + 15 600}
g -2 n i @
4 —{ & -800}-
L 4=
il ; y . 7] -1000f : - -
1850 1900 1950 2000 1940 1960 1980 2000
FAQ 2.1, Figure 2: Multiple redundant indicators of a changing global climate. Each line represents an independently-
derived estimate of change in the climate element. All publicly-available, documented, datasets known to the authors
have been used in this latest version. In each panel all datasets have been normalized to a common period of record.
Further details are given in Arndt et al. (2010). A full detailing of which source datasets go into which panel is given in
Appendix 2.A.
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Figure 2.28: Annual precipitation anomalies averaged over land areas for four latitudinal bands and the globe from
GHCN (green bars) relative to a 19812000 climatology. Smoothed curves (see Appendix 3.A from (Trenberth et al.,
2007) for GHCN and other global precipitation data sets as listed.
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Figure 2.29: Trends in precipitation from the CRU, GHCN and GPCC data sets for 1901-2009 (left hand panels) and
1979-2009 (right hand panels). Grid boxes with statistically significant trends at the 10% level are indicated by a +.
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Figure 2.30: a) Trends in surface specific humidity from HadCRUH over 1973-2003. Grid boxes with statistically
significant trends at the 10% level are indicated by a +. b) Global anomalies in land surface specific humidity from
HadCRUH, HadCRUHEXt, (Dai, 2006), and ERA-interim (Simmons et al., 2010), c) As b) but for relative humidity.
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Figure 2.31: Top: Global anomalies in column integrated water vapour averaged over ocean surfaces. Bottom: Trends
(kg m2 per decade) in column integrated water vapour from Special Sensor Microwave Imager, (Wentz et al., 2007) for
the period 1988-2010. Grid boxes with statistically significant trends at the 10% level are indicated by a .
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Box 2.4, Figure 1: Trends (°C per decade) in the warmest day of the year using different datasets for the period 1951
2010. The datasets are (a) HadEX2 (Donat et al., 2012a), (b) HadGHCND (Caesar et al., 2006) using data updated to
2010 (Donat et al., 2012b) , and (c) Globally averaged annual anomalies (thin solid lines) for each dataset with
associated decadal variations (thick solid lines). Hatching on maps indicates gridboxes where trends are significant at
10% level. Annual anomalies are only calculated using gridboxes where both datasets have data and where 90% of data
are available.
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Figure 2.32: Trends (days per decade) in the annual frequency of extreme temperatures, over the period 1951 to 2010,
for: (a) cool nights (10th percentile), (b) cool days (10th percentile), (c) warm nights (90th percentile) and (d) warm
days (90th percentile). 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. Hatching indicates gridboxes where trends are significant at the 10% level.
The data source for trend maps is HadEX2 (Donat et al., 2012a). Beside each map are the global annual time series of
anomalies with respect to 1961 to 1990 (thin lines) along with decadal variations (thick lines) for three global datasets:
HadEX2; HadGHCND (Caesar et al., 2006) and updated to 2010 and GHCNDEX (Donat et al., 2012b). Global
averages are only calculated using gridboxes where all three datasets have at least 90% of data over the time period.
Trends are significant at the 5% level for all the global indices shown.
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Figure 2.33: (a) Trends (mm day *yr ) in daily precipitation intensity and (b) trends (days per year) in the frequency
of the annual maximum number of consecutive dry days. 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. Hatching indicates gridboxes where trends
are significant at the 10% level. The data source for trend maps is HadEX2 (Donat et al., 2012a). (c) Trends in
hydroclimatic intensity (HY-INT: a multiplicative measure of length of dry spell and precipitation intensity) over the
period 1976 to 2000 (from Giorgi et al. (2011)). An increase (decrease) in HY-INT reflects an increase (decrease) in the
length of 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 falling eastern Australian tropical
cyclones (adapted from (Callaghan and Power, 2011) 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. Vertical axis
ticks represent one standard deviation, with all series normalized to unit standard deviation after a 5-year running mean
was applied. The dashed lines are trends calculated using ordinary least squares regression.
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Figure 2.35: 99th percentiles of geostrophic wind speeds for winter. Triangles show regions where geostrophic wind
speeds have been calculated from in situ surface pressure observations. Within each pressure triangle, Gaussian low-
pass filtered curves and estimated linear trends of the 99th percentile of these geostrophic wind speeds for winter are
shown. The ticks of the time (horizontal) axis range from 1875 to 2005, with an interval of 10 years. Disconnections in
lines show periods of missing data. Red (blue) trend lines indicate upward (downward) trends of at least 5%
significance. From Wang et al. (2011).
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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 data set. The
vertical blue and red lines indicate the 10th (left-hand side) and 90th (right-hand side) percentiles for both periods.
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2
3
4 FAQ 2.2, Figure 2: The likelihood and direction of trend in the frequency (or intensity) of various climate extremes
5  since the middle of the 20th century. Where the trend goes both up and down, this implies that there is regional
6  variation in the sign of the trend, or that studies using different measures of dryness do not agree. Large regions that
7 differ from the ‘global’ conclusion—either with respect to sign of, or confidence in, the trend—are also highlighted.
8
9
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Figure 2.36: Decadal averages of SLP from the 20th Century Reanalysis (20CR) for (left) November of previous year
to April and (right) May to October shown by two selected contours. Topography above 2 km above sea level in 20CR

is shaded in dark grey.
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1988-2010

(a) CCMP (b) OAFIux (c) BSW
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Linear trend in wind speed (m/s/decade)

2

3

4 Figure 2.37: Surface wind speed trends for 1988—-2010. Shown in the top row are data sets based on the satellite wind

5  observations: (a) Cross-Calibrated Multi-Platform wind product (CCMP, Atlas et al., 2011); (b) wind speed from the

6 Objectively Analyzed Air-Sea Heat Fluxes data set, release 3 (OAFIux); (c) Blended Sea Winds (BSW, Zhang et al.,

7 2006); in the middle row are data sets based on surface observations: (d) wind speed from the Surface Flux Data Set,

8  v.2, from NOC, Southampton, U.K. (Berry and Kent, 2009); () Wave- and Anemometer-based Sea Surface Wind

9  (WASWind, (Tokinaga and Xie, 2011a)); (f) Surface Winds on the Land (Vautard et al., 2010); and in the bottom row
10  are surface wind speeds from atmospheric reanalyses: (g) ERA-Interim; (h) NCEP-NCAR, v.1 (NNR1); and (i) 20th
11 Century Reanalysis (20CR, Compo et al., 2011). Wind speeds correspond to 10 m heights in all products. Land station
12 winds (panel f) are also for 10 m (but ananometer height is not always reported) except for the Australian data where
13 they correspond to 2 m height. To improve readability of plots, all data sets (including land station data) were averaged
14 to the 4° x 4° uniform longitude-Ilatitude grid. Linear trend slopes and their uncertainties were computed for the annually
15 averaged timeseries of 4°x4° cells by the method described in Appendix 2.A For all data sets except land station data, an
16 annual mean was considered available only if monthly means for no less than eight months were available in that
17 calendar year. Trend values were computed only if no less that 70% of all years (17) had a values and no less than 20%
18 of first and last 10% of the annual record were available as well (i.e., at least one year available out of the first three and
19 the last three years each). Black plus signs (+) indicate areas where linear trends slopes are different from zero at 10%
20 significance level.
21
22
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Figure 2.38: Top: Indices of the strength of the northern Hadley circulation in December to March (W is the
maximum of the meridional mass stream function at 500 hPa between the equator and 40°N, updated from
Broennimann et al. (2009)). Bottom: Indices of the strength of the Pacific Walker circulation in September to January
(Aw is the difference in the vertical velocity between [10°S to 10°N, 180°W to 100°W] and [10°S to 10°N, 100°E to
150°E] as in Oort and Yienger (1996), updated from Broennimann et al. (2009)), Ac is the difference in cloud cover
between [6°N-12°S, 165°E-149°W] and [18°N-6°N, 165°E-149°W] as in Deser et al. (2010), v is the effective wind
index, updated from Sohn and Park (2010), u is the zonal wind at 10 m averaged in the region [10°S—10°N, 160°E—
160°W1], ASLP is the SLP difference between [5°S-5°N, 160°W-80°W] and [5°S-5°N, 80°E-160°E] as in Vecchi et al.
(2006)). Time series based on ICOADS data are only shown from 1957 to 2009. All reanalysis data sets listed in Box
2.3 are used, if available until March 2012, except for the zonal wind at 10 m (20CR, ERA-Interim, ERA-40, NCEP2).
Where more than one time series was available, anomalies from the 1979/1980 to 2001/2002 mean values of each series
are shown.
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Figure 2.39: Annually averaged tropical belt width (top) and tropical edge latitudes in each hemisphere (middle and
bottom). The tropopause, Hadley cell, and jet stream metrics are based on reanalyses (see Box 2.3); outgoing longwave
radiation and ozone metrics are based on satellite measurements. The ozone metric refers to equivalent latitude
(Hudson, 2011; Hudson et al., 2006). Adapted and updated from Seidel et al. (2008) using data presented in Davis and
Rosenlof (2011) and (Hudson, 2011; Hudson et al., 2006). Where multiple datasets are available for a particular metric,
all are shown as light solid lines, with shading showing their range and a heavy solid line showing their median.
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Box 2.5, Figure 1: Some indices of climate variability, as defined in Table 1. Where ‘HadISST1’, ‘HadSLP2r’, or 20C
RA’ are indicated, the indices were computed from the SST or MSLP values of the former two data sets or from 500 or
850 hPa geopotential height fields from the 20th Century Reanalysis, version 2. A data set reference given in the title of
each panel applies to all indices shown in that panel. ‘CPC” indicates an index timeseries publicly available from the
NOAA Climate Prediction Center. Where no data set is specified, a publicly available regularly updated version of an
index from the authors of a primary reference given in Table 1 was used. (Citations are given in panel legends only
when needed for unambiguous identification of a particular index definition from Table 1; their presence or absence
does not mean that the index values obtained from the authors were or were not used here). All indices are shown as 12-
month running means (r.m.) except when the temporal resolution is explicitly indicated (e.g., ‘DJFM’ for December-to-
March averages) or smoothing level (e.g., 11-year LPF for a low-pass filter with half-power at 11 years).
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3
4 Box 2.5, Figure 2: Spatial patterns of climate modes listed in Table 1. All patterns shown here are obtained by
5 regression of either SST or MSLP fields on the standardized index of a climate mode. For each climate mode one of the
6 indices shown in Figure 1 was used. SST and MSLP fields are from HadlISST1 and HadSLP2r data sets (interpolated
7 gridded products based on data sets of historical observations). All SST-based patterns are results of monthly
8 regressions for the 1870-2010 period except for the PDO regression pattern, which was computed for 1900-2010. The
9 MSLP-based patterns of NAO and PNA are regression coefficients of the DJFM means; PSA1 and PSAZ2 patterns are
10 regressions of seasonal means; SAM pattern is from a monthly regression. All SLP-based patterns are results of the
11 1948-2010 regression, except for the PDO regression pattern which is from 1876—2010 regression. For each pattern the
12 time series was linearly de-trended over the regression interval. All patterns are shown by color plots, except for PSA2,
13 which is shown by white contours over the PSAL color plot (contour steps are 0.5 hPa, zero contour is skipped, negative
14 values are indicated by dash).
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Figure 2.A.1: Change in percentage of possible sampled area for land records (top panel) and marine records (lower
panel). Land data comes from GHCNv3.2.0 and marine data comes from the ICOADS in-situ record.
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Figure 2.A.2: Differences in long term average temperatures in pairs of periods as calculated from HadCRUT4,
GISTEMP and NCDC'’s data. Left - temperature difference between the periods of 1986 to 2005 and 1886 to 2005.
Right - temperature difference between the periods of 1986 to 2005 and 1886 and 2005. The median and confidence
limits (5% and 95%)for differences calculated from HadCRUT4 are shown in black. Period differences for GISTEMP
are red. Period differences for NCDC are in blue.

Do Not Cite, Quote or Distribute 2-190 Total pages: 191



~N o 0o w N

Second Order Draft Chapter 2 IPCC WGI Fifth Assessment Report

Sea-Level Pressure 500 hPa Geopotential Height 100 hPa Geopotential Height
Nov-Apr
May-Oct
[T [ 1N
12 -06 0 06 12 30  -15 0 15 30 40 20 0 20 40
hPa per decade gpm per decade gpm per decade
Figure 2.A.3: Supplementary Figure: Linear trends in (left) SLP, (middle) 500 hPa GPH, and (right) 100 hPa GPH in
(top) November to April 1979/1980 to 2011/2012 and (bottom) May to October 1979 to 2011 from ERA-Interim data.
Trends are only shown if significant at the 90% level.
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