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Executive Summary

Clobal mean zurface temperatures have rnzen by 0.74°C =
0.18°C when eztimated by a linear trend over the lazt 100
vears (1906-1003). The rate of warming over the last S0

vears iz almost double that over the last 100 years (0.13°C
= 0.03°C wvz. 0.07°C = 0L.02°C per decade). Global mean

temperaturas averaged over land and ocean surfaces, from
three differant estimates, each of which has been mdependenth
adjusted for vanous homogenarty 13zues, are conzistent within
uncertainty estimates over the pened 1901 to 2005 and show
sirmlar rates of mcreaze m recent decades. The trend 15 not
Imear, and the warmung from the first 30 years of mstrumental
record (1830-1899) to the last 5 vears (2001-2003) 1= 0.76°C
+ 0.19°C.

2002 waz one of the two warmest yvearz on record. The
warmest yvears m the mstromental record of global surface
temperaturas are 1998 and 2003, wath 1998 rankone first
one estmmate, but with 2005 sheghth- lugher m the other fuo
estimates. 2002 to 2004 are the 3rd, 4th and 3th warmest years
in the senas since 1830, Eleven of the last 12 vears (1993 to
2006) —the exception being 1996 — rank among the 12 warmest
vears on record smce 1350, Surface temperatures 1 1998 wers
enhanced by the major 1957-1993 El Mo but no such strong
anomaly was present m 2005, Temperatmres m 2006 wers
simlar to the averase of the past 3 vears.

Land regionz have warmed at a fazter rate than the
oceansz. Warmng has occurred 1 both land and ocean domams,
and m both sea surface tempearature (35T and mehthme marne
arr temperature over the cceans. However, for the globe as a
whole, surface arr temperatures over land have nzen at about
double the ocean rate after 1979 I:mﬂrethaul}"":f:perdacade
ve. 0.13°C per decads), with the greatest warmms during
wimter (December to February) and sprimz (March to May) m
the Northerm Hemusphere.

Changez in extreme:s of temperature are alzo conziztent
with warming of the climate. A widespread reduction m the
number of frost dave m mud-lhtude resions, an Increase m
the mumbar of warm extremes and a reducton n the mumber
of daily cold exiremes are observed 1 70 to 73% of the land
recions where data are available The most marked changes
are for cold (lowest 10%%, based on 1961-1990) meght=, which
have become rarer over the 1951 to 2003 penod. Wamm (lughest
10%) mights have become more frequent. Diumal temperature
range (DTR) decreased by (.07°C per decade averased over
1930 to 2004, but had Iiftle change from 1979 to 2004, as both
' and mimrmm temperatures rose at somlar rates. The
record-breakins heat wave over western and central Europe
i the surmmer of 2002 1= an exampls of an exceptional recent
extrerne. That summer (June to August) was the hottest since
comparable mstrumental records began around 1730 (1.4°C
above the previous warmest m 1307) and 12 very hkshr to have
bean the hottest since af least 1300,

Obsenations: Surface and Atmospheric Climata Change

Recent warming 1= ztrongly evident at all latitudez
55Tz over each of the oceans. There are mter—hemnph-m-:
differences m warming m the Aflanfic, the Pacific 1s punctuated
by El Mo events and Pacific deca-dal vartabihity that 1= mors
symmetric about the equator, while the Indian Ocean exhibafs
steadier warming. These charactenstics lead to mmportant
differences m regmonal rates of surface ocean warmmg that
affect the atmosphenic circulathion.

Urban heat izland effectz are real but local, and have
not biazed the large-zcale trend=. A number of recent studies
indicate that effects of urbamization and land use change on
the land-based temperature record are nezheible (0.006°C per
decade) as far as hemisphenc- and continental-scale zverages
are concemed becamzs the verv real but local effects are
avorded or accounted for mn the data sets used. In any case, thev
are not present m the S8T component of the record. Increazing
avidence suggesfs that wban heat 1zland effacts extend to
chanses n precipitation, clouds and DTE., wath these detectabls
as a “weekend effect’ owins to lower pollution and other effects
durng weskands,

Average arcic temperatures increazed at almost twice the
global average rate in the past 100 vears. Arctic tempearatures
have leh decadal vanabihty. A shghtly longer warm penod,
almost as warm as the present, was alsc cbserved from the late
1920z to the early 1530s, but appears to have had a different
spatial diztnbution than the recent warmms.

Lower-tropospheric temperatares have zlightly zreater
warming ratez than thoze at the zurface over the period
1958 to 2002, The radiosonde record 1= markadly less spahalkyr
complete than the surface record and mereazing evidence
suggests that it 13 very hkely that 3 mumber of records have
a coolmz bas, especially m the tropcs. While there remaimn
dizspanihies among different froposphenc temperature trends
estimated from satellite Mbcrowave Soundmeg Umt (AWMSU
and advanced MELT) measurements zince 1979, and all hkeh-
shll contamn residual emrors, estimates have 1:-5&:1 substanhalky
improved (and data set differances reduced) through adjustments
for 18zues of chanming zatellites, orbit decay and dnft m local
crossmg time (1Le., diurnal cyele effects). It appears that the
satellite tropospherc temperature record 15 broadly consistent
with surface temperahure trands provided that the stratosphernic
mnfluence on MSU channel 2 13 accounted for. The range (dus
to differant data sets) of global surface warnung simce 1979 1=
0.16C to 0.18°C per decads compared to 0.12°C o0 0.19°C per
decade for M5SU estimates of tropospheric temperatures. It s
Likely, however, that there 15 shehth- greater warmuns m the
troposphere than at the surface, and a lugher tropopanse, with
the latter due alzo to pronounced cooling n the stratosphere.

Lower stratozspheric temperaturez feature cooling
zince 1979, Estimates from adjusted radicsondes. satellites
(WS channel 4) and reanalyzes are i gualitative agresment,
sugzasting a lower-stratosphenc coolng of betwean 0.3°C and
0.6°C per decade smce 1979, Longer radicsonde records (back
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to 1938) also mdicate cooling bt the rate of coolng has been
sigmificantly sraater since 1979 than betwean 1938 and 1975,
It 1=z likely that radicsonde records overestimate stratosphenc
cochng, owing to chanses m sondes not yet accounted for
Because of the stratosphenc wamung episodes follovwins majer
voleamic eraptions, the trends are far from being hinear.

Precipitation haz generally increazed over land north of
PN over the period 1900 to 2005 but downward trends
dominate the tropicz zince the 1970z From 10°N to 307N,
precipitabion mereased markedly from 1900 to the 1930s, it
declined after about 1970, Dovwnward trends are present in the
deep tropics from 107N to 1075, especially after 19761977,
Tropical values domunate the gzlobal mean. It has becomse
sigmificantly wetter 1n eastern parts of North and South Amenca,
northern Europe, and northem and central Asia, but dner m the
Szhel, the Medrterranean, southern Afnica and parts of southam
Azia. Patterns of precipitzhon change are more spahally
and seasonally vanzble than temperzture chanze but where
significant precipitation changes do occur they are consistent
with measured changes mn streamflow

Substantial increazez are found in heavy precipitation
eventz. It 15 hkely that there have been mcreases m the mumber
of heav precipitation events (e g, 95th percentile) within many
land resionz, even m those where there haz been a reduction
total precipitation amount, consiztent with a wanmmng chmate
and observed sizrificant merezsmgz amounts of water vapour
i the atmeosphere. Increases have also been reported for rarer
precipitation events {1 m 30 vear return pened), but only a faw
recions have sufficient data to assess such trends reliably.

Droughtz have become more common, especially in the
tropicz and subtropics, zince the 1970s. Observed marked
mcreases 1n drousht mn the past three decades anze from more
mtenze and longer droughts over wider areas, as a cnitical
threshold for delineating drought 13 exceaded over mersasmely
widespread areas. Decreasad land precipitation and mcreased
temparatures that enhance evapotramspiration and drvme
are mportant factors that have contmbuted to more regions
expeniencing droughts, a3 measured by the Palmer Drought
Seventy Index. The remons where droughts have occurred
zaem to be detemmined larzely by changes mm 55Tz, especially
in the fropics, through associated chanees m the atmosphenic
crculation and preciprtation. In the western USA, dimmishing
snow pack and subsaquent reductions m soill moisfure also
appear to be factors. In Aunstraha and Europe, dract lmks to
zlobal warmms have been infarred through the extreme nature
of leh temperatures and heat waves accompanyms recent
droughts.

Tropozpheric water vapour iz increazing. Surface specific
hmmudity has generally mnereasad after 1976 m close association
with ligher temperatures over both land and ocean. Total
column water vapour has mncreasaed over the global oceans by

2 =0.3% per decade from 1958 to 2004, consistent 1n pattern
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and amount with changes m 35T and a fairk constant relatrve
humdity. Stronz comrelations with SST suggest that fotal
column water vapour has mereased by 4% smee 1970, Simalar
gpward trends m upper-troposphenc specific hommdty, wiich
considerably enhance the zreenhouse effect, have also been
datected from 1982 to 2004

“GGlobal dimming’ iz neither global in extent nor has it
continned after 1990. Eeported decreases m seclar radiation
at the Earth's surface from 1970 to 1990 have an urban has
and have reversed m sign. Althoush records are sparse, pan
evaporation 15 estimated to have decreased m many places
due to decreasss m surface radiation associated with mereases
m clouds, changes m cloud properties and'or mcreases m air
pollition (asroscls), especially from 1970 to 1990, However, 1n
many of the same places, actual evapotranspiration mferred from
surface water balance exhibitz an mersase m association with
enhancad so1l wetness from mereased precipitation, as the actual
evapotranspiration becomes closer to the potenfizl evaporation
measured by the pans. Hence, n determming evapotranspiration
there 1z a frade-off betwesn less solar radiabion and mereased
surface weiness, with the latter senerally dommant.

Cloud changes are dominated by the El Nino-Southern
Ozcillation and appear to be opposite over land and ocean.
Widespread (but not ubiquitous) decreases m conhmental DTE.
smee the 1930z comeide wath mereaszes m clood amounts.
Surface and szatellife observations dizagree about total and
low-level cloud changes over the ocean However, radiation
chanses at the top of the atmosphere from the 1980z to 1590,
possibly related m part to the El Nmo-Scuthem Oscillation
(ENS0) phenomenon, appear to be associated with reduchons
i tropical upper-leval cloud cover, and are linked to changez mn
the energy budgzat at the surface and chanees 1n observed ocean
haat content.

Changez i the large-zcale atmospheric circulation are
apparent. Atmeosphenic circulation vanability and changs
1= largely descnbed by relatively few major pattens. The
domunant mode of global-zcale vanability on mteranmal fime
scales 13 EMNB0, although there have bean times when 1t 15 less
apparent. The 1976-1977 clhimate shift related fo the phasa
change m the Pacific Decadal Oscillation and more frequent
El Moz, has affected many areas and most tropical monsoons.
For mstance, over North Amenca, ENS0O and Pacific-North
American telecomrmechion-related changes appear to have led
to contrastmg chanses across the confinent as the wast has
warmead more than the east, wihile the latter has become cloudier
and wettar. There are substantial rult-decadal vanations m the
Pacific sector over the 20th cenfury with extended penods of
weakened (1900-1924; 1947-1576) as well az strensthened
circulation (1925-1946; 1576-2003). Multi-decadal variability
12 also evident m the Atlambic as the Atlantic Multi-decadal
Oscillation m both the atmosphera and the ocean.
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Alid-latitude westerly windz have generally increazed in
both hemizpherez. These chanses 1n atmosphenc circulzhon
are predominantly observed as “ammmlar modes’, related to the
zomally averaged mud-labtude westerhes, wiuch strensthened
in most seasons from the 19605 to at least the nmud-1990s, with
poleward displacements of commesponding Atlanfic and southern
polar front jet streams and enhanced storm tracks. Thesa wers
accompaniad by 2 tendency towards stromeer wmfer polar
vortces throushout the troposphere and lower stratosphere.
On monthly time scales, the southern and northem amnular
modes {SAM and NAM respectrvely) and the North Atlantic
Oscillation (NAQ) are the domunant patterns of varabihty
the extratropics and the NAM and NAQ are closeh- related.
The westerlies m the Morthern Hemisphere, which mncreased
from the 1960z to the 1990z but which have smes retumed
to about normal as part of MAQ and NAM changaes, alter the
flow from oceans to contmentz and are a2 major camse of the
observed changes m winter storm tracks and related patterns
of precipitation and temperature anomahes, especially over
Europe. In the Southem Hemisphera, SAM mereasas from the
1960 to the presant are associated with strong warming over
the Antarctic Peninzula and, to a lesser extent, cooling over
parts of continental Antarctica. Analyzes of wind and sigmaficant
wave height support reanahsiz-bazed evidence for an mereazs
i extratropical storm acterty m the Northern Hemmzphere
recant decades umfil the late 1950s,

Intenze tropical cyclone activity has increazed zince about
1970, Vanations m fropical cyclones, hurmeanes and typhoons
are dommated by EMNS0 and decadal vanality, whch result
in a redistnbution of fropical storm mumbers and their tracks,
gp that increazes m one basm are offen compensated b
decreazes over other oceans. Trends are apparent m 55T: and
other criftical variables that influence tropical thundarstorm and
tropacal storm development. Globally, estimates of the potental
destructrireness of lumcanes show a sigmificant upward frend
since the mid-1970s, with a trend towards longer hfetimes and
sreater storm intensity, and such frends are strongly comrelated
with tropical 55T, These relatonships have besn remforced
by findings of a large merease i numbers and proportion of
hurncanes reachmng categones 4 and 3 globally since 1970 even
as total mmmber of cyvclones and cyelone days decreased shghth
mn most basms. The largest increase was 1n the MNorth Pacific,
Indian and southwest Pacific Oceans. However, numbers of
hurmcanes m the North Atlantic have alzo been zbove normal
(based on 1981-200{) averages) m 9 of the last 11 wvears
culminzatms m the record-breaking 2005 seazon. Moreover, the
first recorded tropical cyelone 1n the Scuth Atlantic ocourred n
MMarch 2004 off the coast of Braml.

The temperature increazes are consiztent with obzerved
changez in the cryozphere and oceanz. Conzistent with
observed chanees 1 surface temperature, there has bean an
almest worldwads reduction m glacier and small e cap (not
mcluding Antarctica and Greenland) mass and extent m the
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20th century; smow cover has dacreased m many resions of
the MNorthem Hermsphere; zez 1ce extenfz have decreazed m
the Arctic, particularhy m spring and summer (Chapter 4); the
oceans are warmme; and sea level 12 naing (Chapter 3).
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