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This Summary for Policymakers should be cited as:
IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical Science Basis. Contribution of 
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, 
T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. 
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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1	 In this Summary for Policymakers, the following summary terms are used to describe the available evidence: limited, medium, or robust; and for the degree of agreement: 
low, medium, or high. A level of confidence is expressed using five qualifiers: very low, low, medium, high, and very high, and typeset in italics, e.g., medium confidence. 
For a given evidence and agreement statement, different confidence levels can be assigned, but increasing levels of evidence and degrees of agreement are correlated with 
increasing confidence (see Chapter 1 and Box TS.1 for more details).

2	 In this Summary for Policymakers, the following terms have been used to indicate the assessed likelihood of an outcome or a result: virtually certain 99–100% probability, 
very likely 90–100%, likely 66–100%, about as likely as not 33–66%, unlikely 0–33%, very unlikely 0–10%, exceptionally unlikely 0–1%. Additional terms (extremely likely: 
95–100%, more likely than not >50–100%, and extremely unlikely 0–5%) may also be used when appropriate. Assessed likelihood is typeset in italics, e.g., very likely (see 
Chapter 1 and Box TS.1 for more details).

Warming of the climate system is unequivocal, and since the 1950s, many of the observed 
changes are unprecedented over decades to millennia. The atmosphere and ocean have 
warmed, the amounts of snow and ice have diminished, sea level has risen, and the 
concentrations of greenhouse gases have increased (see Figures SPM.1, SPM.2, SPM.3 and 
SPM.4). {2.2, 2.4, 3.2, 3.7, 4.2–4.7, 5.2, 5.3, 5.5–5.6, 6.2, 13.2}

A.	 Introduction

The Working Group I contribution to the IPCC’s Fifth Assessment Report (AR5) considers new evidence of climate change 
based on many independent scientific analyses from observations of the climate system, paleoclimate archives, theoretical 
studies of climate processes and simulations using climate models. It builds upon the Working Group I contribution to the 
IPCC’s Fourth Assessment Report (AR4), and incorporates subsequent new findings of research. As a component of the 
fifth assessment cycle, the IPCC Special Report on Managing the Risks of Extreme Events and Disasters to Advance Climate 
Change Adaptation (SREX) is an important basis for information on changing weather and climate extremes.

This Summary for Policymakers (SPM) follows the structure of the Working Group I report. The narrative is supported by a 
series of overarching highlighted conclusions which, taken together, provide a concise summary. Main sections are introduced 
with a brief paragraph in italics which outlines the methodological basis of the assessment.

The degree of certainty in key findings in this assessment is based on the author teams’ evaluations of underlying scientific 
understanding and is expressed as a qualitative level of confidence (from very low to very high) and, when possible, 
probabilistically with a quantified likelihood (from exceptionally unlikely to virtually certain). Confidence in the validity of 
a finding is based on the type, amount, quality, and consistency of evidence (e.g., data, mechanistic understanding, theory, 
models, expert judgment) and the degree of agreement1. Probabilistic estimates of quantified measures of uncertainty in a 
finding are based on statistical analysis of observations or model results, or both, and expert judgment2. Where appropriate, 
findings are also formulated as statements of fact without using uncertainty qualifiers. (See Chapter 1 and Box TS.1 for more 
details about the specific language the IPCC uses to communicate uncertainty).

The basis for substantive paragraphs in this Summary for Policymakers can be found in the chapter sections of the underlying 
report and in the Technical Summary. These references are given in curly brackets. 

B.	 Observed Changes in the Climate System

Observations of the climate system are based on direct measurements and remote sensing from satellites and other platforms. 
Global-scale observations from the instrumental era began in the mid-19th century for temperature and other variables, with 
more comprehensive and diverse sets of observations available for the period 1950 onwards. Paleoclimate reconstructions 
extend some records back hundreds to millions of years. Together, they provide a comprehensive view of the variability and 
long-term changes in the atmosphere, the ocean, the cryosphere, and the land surface.
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Each of the last three decades has been successively warmer at the Earth’s surface than any 
preceding decade since 1850 (see Figure SPM.1). In the Northern Hemisphere, 1983–2012 
was likely the warmest 30-year period of the last 1400 years (medium confidence). {2.4, 5.3}

B.1	 Atmosphere

•	 The globally averaged combined land and ocean surface temperature data as calculated by a linear trend, show a 
warming of 0.85 [0.65 to 1.06] °C3, over the period 1880 to 2012, when multiple independently produced datasets exist.  
The total increase between the average of the 1850–1900 period and the 2003–2012 period is 0.78 [0.72 to 0.85] °C, 
based on the single longest dataset available4 (see Figure SPM.1). {2.4}

•	 For the longest period when calculation of regional trends is sufficiently complete (1901 to 2012), almost the entire globe 
has experienced surface warming (see Figure SPM.1). {2.4}

•	 In addition to robust multi-decadal warming, global mean surface temperature exhibits substantial decadal and 
interannual variability (see Figure SPM.1). Due to natural variability, trends based on short records are very sensitive to 
the beginning and end dates and do not in general reflect long-term climate trends. As one example, the rate of warming 
over the past 15 years (1998–2012; 0.05 [–0.05 to 0.15] °C per decade), which begins with a strong El Niño, is smaller 
than the rate calculated since 1951 (1951–2012; 0.12 [0.08 to 0.14] °C per decade)5. {2.4}

•	 Continental-scale surface temperature reconstructions show, with high confidence, multi-decadal periods during 
the Medieval Climate Anomaly (year 950 to 1250) that were in some regions as warm as in the late 20th century. 
These regional warm periods did not occur as coherently across regions as the warming in the late 20th century (high 
confidence). {5.5}

•	 It is virtually certain that globally the troposphere has warmed since the mid-20th century. More complete observations 
allow greater confidence in estimates of tropospheric temperature changes in the extratropical Northern Hemisphere 
than elsewhere. There is medium confidence in the rate of warming and its vertical structure in the Northern Hemisphere 
extra-tropical troposphere and low confidence elsewhere. {2.4}

•	 Confidence in precipitation change averaged over global land areas since 1901 is low prior to 1951 and medium 
afterwards.  Averaged over the mid-latitude land areas of the Northern Hemisphere, precipitation has increased since 
1901 (medium confidence before and high confidence after 1951). For other latitudes area-averaged long-term positive 
or negative trends have low confidence (see Figure SPM.2). {TS TFE.1, Figure 2; 2.5}

•	 Changes in many extreme weather and climate events have been observed since   about 1950 (see Table SPM.1 for 
details). It is very likely that the number of cold days and nights has decreased and the number of warm days and nights 
has increased on the global scale6. It is likely that the frequency of heat waves has increased in large parts of Europe, 
Asia and Australia. There are likely more land regions where the number of heavy precipitation events has increased than 
where it has decreased. The frequency or intensity of heavy precipitation events has likely increased in North America and 
Europe. In other continents, confidence in changes in heavy precipitation events is at most medium. {2.6}

3	 In the WGI contribution to the AR5, uncertainty is quantified using 90% uncertainty intervals unless otherwise stated. The 90% uncertainty interval, reported in square 
brackets, is expected to have a 90% likelihood of covering the value that is being estimated. Uncertainty intervals are not necessarily symmetric about the corresponding 
best estimate. A best estimate of that value is also given where available. 

4	 Both methods presented in this bullet were also used in AR4. The first calculates the difference using a best fit linear trend of all points between 1880 and 2012. The second 
calculates the difference between averages for the two periods 1850–1900 and 2003–2012. Therefore, the resulting values and their 90% uncertainty intervals are not 
directly comparable. {2.4}

5	 Trends for 15-year periods starting in 1995, 1996, and 1997 are 0.13 [0.02 to 0.24] °C per decade, 0.14 [0.03 to 0.24] °C per decade, and, 0.07 [–0.02 to 0.18] °C per 
decade, respectively.

6	 See the Glossary for the definition of these terms: cold days/cold nights, warm days/warm nights, heat waves.
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Figure SPM.1 |  (a) Observed global mean combined land and ocean surface temperature anomalies, from 1850 to 2012 from three data sets. Top panel: 
annual mean values. Bottom panel: decadal mean values including the estimate of uncertainty for one dataset (black). Anomalies are relative to the mean 
of 1961−1990. (b) Map of the observed surface temperature change from 1901 to 2012 derived from temperature trends determined by linear regression 
from one dataset (orange line in panel a). Trends have been calculated where data availability permits a robust estimate (i.e., only for grid boxes with 
greater than 70% complete records and more than 20% data availability in the first and last 10% of the time period). Other areas are white. Grid boxes 
where the trend is significant at the 10% level are indicated by a + sign. For a listing of the datasets and further technical details see the Technical Summary 
Supplementary Material. {Figures 2.19–2.21; Figure TS.2}

Te
m

pe
ra

tu
re

 a
no

m
al

y 
(°

C
) r

el
at

iv
e 

to
 1

96
1–

19
90

(a)

(b) Observed change in surface temperature 1901–2012

    

−0.6

−0.4

−0.2

0.0

0.2

0.4

0.6
Annual average

    

−0.6

−0.4

−0.2

0.0

0.2

0.4

0.6

1850 1900 1950 2000

Decadal average

(°C) 

Observed globally averaged combined land and ocean 
surface temperature anomaly 1850–2012

−0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1.0 1.25 1.5 1.75 2.5

Year

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-05799-9 - Climate Change 2013: The Physical Science Basis: Working Group I Contribution to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change
Edited by Thomas F. Stocker, Dahe Qin, Gian-Kasper Plattner, Melinda M. B. Tignor, Simon K. Allen, Judith Boschung, Alexander Nauels,
Yu Xia, Vincent Bex and Pauline M. Midgley
Excerpt
More information

http://www.cambridge.org/9781107057999
http://www.cambridge.org
http://www.cambridge.org


SPM

	 Summary for Policymakers

7

Ph
en

om
en

on
 a

nd
 

di
re

ct
io

n 
of

 t
re

nd
A

ss
es

sm
en

t 
th

at
 c

ha
ng

es
 o

cc
ur

re
d 

(t
yp

ic
al

ly
 

si
nc

e 
19

50
 u

nl
es

s 
ot

he
rw

is
e 

in
di

ca
te

d)
A

ss
es

sm
en

t 
of

 a
 h

um
an

 
co

nt
ri

bu
ti

on
 t

o 
ob

se
rv

ed
 c

ha
ng

es
Ea

rl
y 

21
st

 c
en

tu
ry

La
te

 2
1s

t 
ce

nt
ur

y

W
ar

m
er

 a
nd

/o
r 

fe
w

er
 

co
ld

 d
ay

s 
an

d 
ni

gh
ts

 
ov

er
 m

os
t 

la
nd

 a
re

as

Ve
ry

 li
ke

ly
	

{2
.6

}

Ve
ry

 li
ke

ly
Ve

ry
 li

ke
ly

 

Ve
ry

 li
ke

ly
	

{1
0.

6}

Li
ke

ly
Li

ke
ly

  

Li
ke

ly
	

{1
1.

3}
Vi

rt
ua

lly
 c

er
ta

in
	

{1
2.

4}

Vi
rt

ua
lly

 c
er

ta
in

Vi
rt

ua
lly

 c
er

ta
in

 

W
ar

m
er

 a
nd

/o
r 

m
or

e 
fr

eq
ue

nt
 h

ot
 d

ay
s 

an
d 

ni
gh

ts
 o

ve
r 

m
os

t 
la

nd
 a

re
as

Ve
ry

 li
ke

ly
	

{2
.6

}

Ve
ry

 li
ke

ly
Ve

ry
 li

ke
ly

Ve
ry

 li
ke

ly
	

{1
0.

6}

Li
ke

ly
Li

ke
ly

 (n
ig

ht
s 

on
ly

)

Li
ke

ly
	

{1
1.

3}
Vi

rt
ua

lly
 c

er
ta

in
	

{1
2.

4}

Vi
rt

ua
lly

 c
er

ta
in

Vi
rt

ua
lly

 c
er

ta
in

W
ar

m
 s

pe
lls

/h
ea

t 
w

av
es

. 
Fr

eq
ue

nc
y 

an
d/

or
 d

ur
at

io
n 

in
cr

ea
se

s 
ov

er
 m

os
t 

la
nd

 a
re

as

M
ed

iu
m

 c
on

fid
en

ce
 o

n 
a 

gl
ob

al
 s

ca
le

 
Li

ke
ly

 in
 la

rg
e 

pa
rt

s 
of

 E
ur

op
e,

 A
si

a 
an

d 
Au

st
ra

lia
	

{2
.6

}

M
ed

iu
m

 c
on

fid
en

ce
 in

 m
an

y 
(b

ut
 n

ot
 a

ll)
 re

gi
on

s
Li

ke
ly

Li
ke

ly
a

	
{1

0.
6}

N
ot

 fo
rm

al
ly

 a
ss

es
se

d
M

or
e 

lik
el

y 
th

an
 n

ot

N
ot

 fo
rm

al
ly

 a
ss

es
se

db

	
{1

1.
3}

Ve
ry

 li
ke

ly
	

	
{1

2.
4}

Ve
ry

 li
ke

ly
Ve

ry
 li

ke
ly

H
ea

vy
 p

re
ci

pi
ta

ti
on

 e
ve

nt
s.

In
cr

ea
se

 in
 t

he
 fr

eq
ue

nc
y,

 
in

te
ns

it
y,

 a
nd

/o
r 

am
ou

nt
 

of
 h

ea
vy

 p
re

ci
pi

ta
ti

on

Li
ke

ly
 m

or
e 

la
nd

 a
re

as
 w

ith
 in

cr
ea

se
s 

th
an

 d
ec

re
as

es
c  

	
{2

.6
}

Li
ke

ly
 m

or
e 

la
nd

 a
re

as
 w

ith
 in

cr
ea

se
s 

th
an

 d
ec

re
as

es
Li

ke
ly

 o
ve

r m
os

t l
an

d 
ar

ea
s

M
ed

iu
m

 c
on

fid
en

ce
 

	
{7

.6
, 1

0.
6}

M
ed

iu
m

 c
on

fid
en

ce
M

or
e 

lik
el

y 
th

an
 n

ot

Li
ke

ly
 o

ve
r m

an
y 

la
nd

 a
re

as
 

	
{1

1.
3}

Ve
ry

 li
ke

ly
 o

ve
r m

os
t o

f t
he

 m
id

-la
tit

ud
e 

la
nd

 
m

as
se

s 
an

d 
ov

er
 w

et
 tr

op
ic

al
 re

gi
on

s 
	

{1
2.

4}

Li
ke

ly
 o

ve
r m

an
y 

ar
ea

s
Ve

ry
 li

ke
ly

 o
ve

r m
os

t l
an

d 
ar

ea
s

In
cr

ea
se

s 
in

 in
te

ns
it

y 
an

d/
or

 d
ur

at
io

n 
of

 d
ro

ug
ht

Lo
w

 c
on

fid
en

ce
 o

n 
a 

gl
ob

al
 s

ca
le

 
Li

ke
ly

 c
ha

ng
es

 in
 s

om
e 

re
gi

on
sd 	

{2
.6

}

M
ed

iu
m

 c
on

fid
en

ce
 in

 s
om

e 
re

gi
on

s
Li

ke
ly

 in
 m

an
y 

re
gi

on
s, 

si
nc

e 
19

70
e   

Lo
w

 c
on

fid
en

ce
	

{1
0.

6}

M
ed

iu
m

 c
on

fid
en

ce
f

M
or

e 
lik

el
y 

th
an

 n
ot

Lo
w

 c
on

fid
en

ce
g 	

{1
1.

3}
Li

ke
ly

 (m
ed

iu
m

 c
on

fid
en

ce
) o

n 
a 

re
gi

on
al

 to
 

gl
ob

al
 s

ca
le

h  	
{1

2.
4}

M
ed

iu
m

 c
on

fid
en

ce
 in

 s
om

e 
re

gi
on

s
Li

ke
ly

e

In
cr

ea
se

s 
in

 in
te

ns
e 

tr
op

ic
al

 c
yc

lo
ne

 a
ct

iv
it

y

Lo
w

 c
on

fid
en

ce
 in

 lo
ng

 te
rm

 (c
en

te
nn

ia
l) 

ch
an

ge
s 

Vi
rt

ua
lly

 c
er

ta
in

 in
 N

or
th

 A
tla

nt
ic

 s
in

ce
 1

97
0	

{2
.6

}

Lo
w

 c
on

fid
en

ce
Li

ke
ly

 in
 s

om
e 

re
gi

on
s, 

si
nc

e 
19

70
 

Lo
w

 c
on

fid
en

ce
i 	

 
	

{1
0.

6}

Lo
w

 c
on

fid
en

ce
M

or
e 

lik
el

y 
th

an
 n

ot

Lo
w

 c
on

fid
en

ce
	

 
	

{1
1.

3}
M

or
e 

lik
el

y 
th

an
 n

ot
 in

 th
e 

W
es

te
rn

 N
or

th
 P

ac
ifi

c 
an

d 
N

or
th

 A
tla

nt
ic

j 	
{1

4.
6}

M
or

e 
lik

el
y 

th
an

 n
ot

 in
 s

om
e 

ba
si

ns
Li

ke
ly

In
cr

ea
se

d 
in

ci
de

nc
e 

an
d/

or
 

m
ag

ni
tu

de
 o

f e
xt

re
m

e 
hi

gh
 s

ea
 le

ve
l 

Li
ke

ly
 (s

in
ce

 1
97

0)
	

{3
.7

}

Li
ke

ly
 (l

at
e 

20
th

 c
en

tu
ry

)
Li

ke
ly

 

Li
ke

ly
k 	

{3
.7

}

Li
ke

ly
k

M
or

e 
lik

el
y 

th
an

 n
ot

k

Li
ke

ly
l 	

{1
3.

7}
Ve

ry
 li

ke
ly

l 	
{1

3.
7}

Ve
ry

 li
ke

ly
m

Li
ke

ly

Li
ke

lih
oo

d 
of

 fu
rt

he
r 

ch
an

ge
s

Ta
bl

e 
SP

M
.1

 | 
 E

xt
re

m
e 

w
ea

th
er

 a
nd

 c
lim

at
e 

ev
en

ts
: G

lo
ba

l-s
ca

le
 a

ss
es

sm
en

t o
f r

ec
en

t o
bs

er
ve

d 
ch

an
ge

s, 
hu

m
an

 c
on

tri
bu

tio
n 

to
 th

e 
ch

an
ge

s, 
an

d 
pr

oj
ec

te
d 

fu
rth

er
 c

ha
ng

es
 fo

r t
he

 e
ar

ly 
(2

01
6–

20
35

) a
nd

 la
te

 (2
08

1–
21

00
) 2

1s
t c

en
tu

ry
. 

Bo
ld

 in
di

ca
te

s 
w

he
re

 th
e 

AR
5 

(b
la

ck
) p

ro
vi

de
s 

a 
re

vi
se

d*
 g

lo
ba

l-s
ca

le
 a

ss
es

sm
en

t f
ro

m
 th

e 
SR

EX
 (b

lu
e)

 o
r A

R4
 (r

ed
). 

Pr
oj

ec
tio

ns
 fo

r e
ar

ly 
21

st
 c

en
tu

ry
 w

er
e 

no
t p

ro
vi

de
d 

in
 p

re
vi

ou
s 

as
se

ss
m

en
t r

ep
or

ts
. P

ro
je

ct
io

ns
 in

 th
e 

AR
5 

ar
e 

re
la

tiv
e 

to
 

th
e 

re
fe

re
nc

e 
pe

rio
d 

of
 1

98
6–

20
05

, a
nd

 u
se

 th
e 

ne
w

 R
ep

re
se

nt
at

iv
e 

Co
nc

en
tra

tio
n 

Pa
th

w
ay

 (R
CP

) s
ce

na
rio

s 
(s

ee
 B

ox
 S

PM
.1

) u
nl

es
s 

ot
he

rw
ise

 s
pe

cifi
ed

. S
ee

 th
e 

G
lo

ss
ar

y 
fo

r d
efi

ni
tio

ns
 o

f e
xt

re
m

e 
w

ea
th

er
 a

nd
 c

lim
at

e 
ev

en
ts

.

*	
Th

e 
di

re
ct

 c
om

pa
ris

on
 o

f a
ss

es
sm

en
t fi

nd
in

gs
 b

et
w

ee
n 

re
po

rt
s i

s d
iffi

cu
lt.

 F
or

 so
m

e 
cl

im
at

e 
va

ria
bl

es
, d

iff
er

en
t a

sp
ec

ts
 h

av
e 

be
en

 a
ss

es
se

d,
 a

nd
 th

e 
re

vi
se

d 
gu

id
an

ce
 n

ot
e 

on
 u

nc
er

ta
in

tie
s h

as
 b

ee
n 

us
ed

 fo
r t

he
 S

RE
X 

an
d 

AR
5.

 Th
e 

av
ai

la
bi

lit
y 

of
 n

ew
 in

fo
rm

at
io

n,
 im

pr
ov

ed
 sc

ie
nt

ifi
c 

un
de

rs
ta

nd
in

g,
 c

on
tin

ue
d 

an
al

ys
es

 o
f d

at
a 

an
d 

m
od

el
s, 

an
d 

sp
ec

ifi
c 

di
ffe

re
nc

es
 in

 m
et

ho
do

lo
gi

es
 a

pp
lie

d 
in

 th
e 

as
se

ss
ed

 s
tu

di
es

, a
ll 

co
nt

rib
ut

e 
to

 re
vi

se
d 

as
se

ss
m

en
t fi

nd
in

gs
.

N
ot

es
:

a 	
At

tr
ib

ut
io

n 
is

 b
as

ed
 o

n 
av

ai
la

bl
e 

ca
se

 s
tu

di
es

. I
t i

s 
lik

el
y 

th
at

 h
um

an
 in

flu
en

ce
 h

as
 m

or
e 

th
an

 d
ou

bl
ed

 th
e 

pr
ob

ab
ili

ty
 o

f o
cc

ur
re

nc
e 

of
 s

om
e 

ob
se

rv
ed

 h
ea

t w
av

es
 in

 s
om

e 
lo

ca
tio

ns
.

b 	
M

od
el

s 
pr

oj
ec

t n
ea

r-t
er

m
 in

cr
ea

se
s 

in
 th

e 
du

ra
tio

n,
 in

te
ns

ity
 a

nd
 s

pa
tia

l e
xt

en
t o

f h
ea

t w
av

es
 a

nd
 w

ar
m

 s
pe

lls
.

c 	
In

 m
os

t c
on

tin
en

ts
, c

on
fid

en
ce

 in
 tr

en
ds

 is
 n

ot
 h

ig
he

r t
ha

n 
m

ed
iu

m
 e

xc
ep

t i
n 

N
or

th
 A

m
er

ic
a 

an
d 

Eu
ro

pe
 w

he
re

 th
er

e 
ha

ve
 b

ee
n 

lik
el

y 
in

cr
ea

se
s 

in
 e

ith
er

 th
e 

fre
qu

en
cy

 o
r i

nt
en

si
ty

 o
f h

ea
vy

 p
re

ci
pi

ta
tio

n 
w

ith
 s

om
e 

se
as

on
al

 a
nd

/o
r r

eg
io

na
l v

ar
ia

tio
n.

 It
 is

 v
er

y 
lik

el
y 

th
at

 th
er

e 
ha

ve
 b

ee
n 

in
cr

ea
se

s 
in

 c
en

tr
al

 
N

or
th

 A
m

er
ic

a.
d 	

Th
e 

fre
qu

en
cy

 a
nd

 in
te

ns
ity

 o
f d

ro
ug

ht
 h

as
 li

ke
ly

 in
cr

ea
se

d 
in

 th
e 

M
ed

ite
rr

an
ea

n 
an

d 
W

es
t A

fri
ca

, a
nd

 li
ke

ly
 d

ec
re

as
ed

 in
 c

en
tr

al
 N

or
th

 A
m

er
ic

a 
an

d 
no

rt
h-

w
es

t A
us

tr
al

ia
.

e 	
AR

4 
as

se
ss

ed
 th

e 
ar

ea
 a

ffe
ct

ed
 b

y 
dr

ou
gh

t. 
f 	

SR
EX

 a
ss

es
se

d 
m

ed
iu

m
 c

on
fid

en
ce

 th
at

 a
nt

hr
op

og
en

ic
 in

flu
en

ce
 h

ad
 c

on
tr

ib
ut

ed
 to

 s
om

e 
ch

an
ge

s 
in

 th
e 

dr
ou

gh
t p

at
te

rn
s 

ob
se

rv
ed

 in
 th

e 
se

co
nd

 h
al

f o
f t

he
 2

0t
h 

ce
nt

ur
y,

 b
as

ed
 o

n 
its

 a
tt

rib
ut

ed
 im

pa
ct

 o
n 

pr
ec

ip
ita

tio
n 

an
d 

te
m

pe
ra

tu
re

 c
ha

ng
es

. S
RE

X 
as

se
ss

ed
 lo

w
 c

on
fid

en
ce

 in
 th

e 
at

tr
ib

ut
io

n 
of

 c
ha

ng
es

 
in

 d
ro

ug
ht

s 
at

 th
e 

le
ve

l o
f s

in
gl

e 
re

gi
on

s.
g 	

Th
er

e 
is

 lo
w

 c
on

fid
en

ce
 in

 p
ro

je
ct

ed
 c

ha
ng

es
 in

 s
oi

l m
oi

st
ur

e.
h 	

Re
gi

on
al

 to
 g

lo
ba

l-s
ca

le
 p

ro
je

ct
ed

 d
ec

re
as

es
 in

 s
oi

l m
oi

st
ur

e 
an

d 
in

cr
ea

se
d 

ag
ric

ul
tu

ra
l d

ro
ug

ht
 a

re
 li

ke
ly

 (m
ed

iu
m

 c
on

fid
en

ce
) i

n 
pr

es
en

tly
 d

ry
 re

gi
on

s 
by

 th
e 

en
d 

of
 th

is
 c

en
tu

ry
 u

nd
er

 th
e 

RC
P8

.5
 s

ce
na

rio
. S

oi
l m

oi
st

ur
e 

dr
yi

ng
 in

 th
e 

M
ed

ite
rr

an
ea

n,
 S

ou
th

w
es

t U
S 

an
d 

so
ut

he
rn

 A
fri

ca
n 

re
gi

on
s 

is
 c

on
si

st
en

t 
w

ith
 p

ro
je

ct
ed

 c
ha

ng
es

 in
 H

ad
le

y 
ci

rc
ul

at
io

n 
an

d 
in

cr
ea

se
d 

su
rfa

ce
 te

m
pe

ra
tu

re
s, 

so
 th

er
e 

is
 h

ig
h 

co
nfi

de
nc

e 
in

 li
ke

ly
 s

ur
fa

ce
 d

ry
in

g 
in

 th
es

e 
re

gi
on

s 
by

 th
e 

en
d 

of
 th

is
 c

en
tu

ry
 u

nd
er

 th
e 

RC
P8

.5
 s

ce
na

rio
.

i 	
Th

er
e 

is
 m

ed
iu

m
 c

on
fid

en
ce

 th
at

 a
 re

du
ct

io
n 

in
 a

er
os

ol
 fo

rc
in

g 
ov

er
 th

e 
N

or
th

 A
tla

nt
ic

 h
as

 c
on

tr
ib

ut
ed

 a
t l

ea
st

 in
 p

ar
t t

o 
th

e 
ob

se
rv

ed
 in

cr
ea

se
 in

 tr
op

ic
al

 c
yc

lo
ne

 a
ct

iv
ity

 s
in

ce
 th

e 
19

70
s 

in
 th

is
 re

gi
on

.
j 	

Ba
se

d 
on

 e
xp

er
t j

ud
gm

en
t a

nd
 a

ss
es

sm
en

t o
f p

ro
je

ct
io

ns
 w

hi
ch

 u
se

 a
n 

SR
ES

 A
1B

 (o
r s

im
ila

r) 
sc

en
ar

io
.

k 	
At

tr
ib

ut
io

n 
is

 b
as

ed
 o

n 
th

e 
cl

os
e 

re
la

tio
ns

hi
p 

be
tw

ee
n 

ob
se

rv
ed

 c
ha

ng
es

 in
 e

xt
re

m
e 

an
d 

m
ea

n 
se

a 
le

ve
l.

l 	
Th

er
e 

is
 h

ig
h 

co
nfi

de
nc

e 
th

at
 th

is
 in

cr
ea

se
 in

 e
xt

re
m

e 
hi

gh
 s

ea
 le

ve
l w

ill
 p

rim
ar

ily
 b

e 
th

e 
re

su
lt 

of
 a

n 
in

cr
ea

se
 in

 m
ea

n 
se

a 
le

ve
l. T

he
re

 is
 lo

w
 c

on
fid

en
ce

 in
 re

gi
on

-s
pe

ci
fic

 p
ro

je
ct

io
ns

 o
f s

to
rm

in
es

s 
an

d 
as

so
ci

at
ed

 s
to

rm
 s

ur
ge

s.
m

	S
RE

X 
as

se
ss

ed
 it

 to
 b

e 
ve

ry
 li

ke
ly

 th
at

 m
ea

n 
se

a 
le

ve
l r

is
e 

w
ill

 c
on

tr
ib

ut
e 

to
 fu

tu
re

 u
pw

ar
d 

tr
en

ds
 in

 e
xt

re
m

e 
co

as
ta

l h
ig

h 
w

at
er

 le
ve

ls.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-05799-9 - Climate Change 2013: The Physical Science Basis: Working Group I Contribution to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change
Edited by Thomas F. Stocker, Dahe Qin, Gian-Kasper Plattner, Melinda M. B. Tignor, Simon K. Allen, Judith Boschung, Alexander Nauels,
Yu Xia, Vincent Bex and Pauline M. Midgley
Excerpt
More information

http://www.cambridge.org/9781107057999
http://www.cambridge.org
http://www.cambridge.org


SPM

Summary for Policymakers

8

B.2	 Ocean

Ocean warming dominates the increase in energy stored in the climate system, accounting 
for more than 90% of the energy accumulated between 1971 and 2010 (high confidence). 
It is virtually certain that the upper ocean (0−700 m) warmed from 1971 to 2010 (see Figure 
SPM.3), and it likely warmed between the 1870s and 1971. {3.2, Box 3.1}

•	 On a global scale, the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11 [0.09 to 0.13] °C 
per decade over the period 1971 to 2010. Since AR4, instrumental biases in upper-ocean temperature records have been 
identified and reduced, enhancing confidence in the assessment of change. {3.2}

•	 It is likely that the ocean warmed between 700 and 2000 m from 1957 to 2009. Sufficient observations are available for 
the period 1992 to 2005 for a global assessment of temperature change below 2000 m. There were likely no significant 
observed temperature trends between 2000 and 3000 m for this period. It is likely that the ocean warmed from 3000 m 
to the bottom for this period, with the largest warming observed in the Southern Ocean. {3.2}

•	 More than 60% of the net energy increase in the climate system is stored in the upper ocean (0–700 m) during the 
relatively well-sampled 40-year period from 1971 to 2010, and about 30% is stored in the ocean below 700 m. The 
increase in upper ocean heat content during this time period estimated from a linear trend is likely 17 [15 to 19] × 
1022 J 7 (see Figure SPM.3). {3.2, Box 3.1} 

•	 It is about as likely as not that ocean heat content from 0–700 m increased more slowly during 2003 to 2010 than during 
1993 to 2002 (see Figure SPM.3). Ocean heat uptake from 700–2000 m, where interannual variability is smaller, likely 
continued unabated from 1993 to 2009. {3.2, Box 9.2}

•	 It is very likely that regions of high salinity where evaporation dominates have become more saline, while regions of 
low salinity where precipitation dominates have become fresher since the 1950s. These regional trends in ocean salinity 
provide indirect evidence that evaporation and precipitation over the oceans have changed (medium confidence). {2.5, 
3.3, 3.5}

•	 There is no observational evidence of a trend in the Atlantic Meridional Overturning Circulation (AMOC), based on the 
decade-long record of the complete AMOC and longer records of individual AMOC components. {3.6} 

Figure SPM.2 |  Maps of observed precipitation change from 1901 to 2010 and from 1951 to 2010 (trends in annual accumulation calculated using the 
same criteria as in Figure SPM.1) from one data set. For further technical details see the Technical Summary Supplementary Material. {TS TFE.1, Figure 2; 
Figure 2.29} 

−100 −50 −25 −10 −5 −2.5 0 2.5 5 10 25 50 100

(mm yr-1 per decade)

1901– 2010 1951– 2010

Observed change in annual precipitation over land

7	 A constant supply of heat through the ocean surface at the rate of 1 W m–2 for 1 year would increase the ocean heat content by 1.1 × 1022 J.
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B.3	 Cryosphere

Over the last two decades, the Greenland and Antarctic ice sheets have been losing mass, 
glaciers have continued to shrink almost worldwide, and Arctic sea ice and Northern 
Hemisphere spring snow cover have continued to decrease in extent (high confidence) (see 
Figure SPM.3). {4.2–4.7}

•	 The average rate of ice loss8 from glaciers around the world, excluding glaciers on the periphery of the ice sheets9, was 
very likely 226 [91 to 361] Gt yr−1 over the period 1971 to 2009, and very likely 275 [140 to 410] Gt yr−1 over the period 
1993 to 200910. {4.3}

•	 The average rate of ice loss from the Greenland ice sheet has very likely substantially increased from 34 [–6 to 74] Gt yr–1 
over the period 1992 to 2001 to 215 [157 to 274] Gt yr–1 over the period 2002 to 2011. {4.4}

•	 The average rate of ice loss from the Antarctic ice sheet has likely increased from 30 [–37 to 97] Gt yr–1 over the period 
1992–2001 to 147 [72 to 221] Gt yr–1 over the period 2002 to 2011. There is very high confidence that these losses are 
mainly from the northern Antarctic Peninsula and the Amundsen Sea sector of West Antarctica. {4.4}

•	 The annual mean Arctic sea ice extent decreased over the period 1979 to 2012 with a rate that was very likely in the 
range 3.5 to 4.1% per decade (range of 0.45 to 0.51 million km2 per decade), and very likely in the range 9.4 to 13.6% 
per decade (range of 0.73 to 1.07 million km2 per decade) for the summer sea ice minimum (perennial sea ice). The 
average decrease in decadal mean extent of Arctic sea ice has been most rapid in summer (high confidence); the spatial 
extent has decreased in every season, and in every successive decade since 1979 (high confidence) (see Figure SPM.3). 
There is medium confidence from reconstructions that over the past three decades, Arctic summer sea ice retreat was 
unprecedented and sea surface temperatures were anomalously high in at least the last 1,450 years. {4.2, 5.5}

•	 It is very likely that the annual mean Antarctic sea ice extent increased at a rate in the range of 1.2 to 1.8% per decade 
(range of 0.13 to 0.20 million km2 per decade) between 1979 and 2012. There is high confidence that there are strong 
regional differences in this annual rate, with extent increasing in some regions and decreasing in others. {4.2}

•	 There is very high confidence that the extent of Northern Hemisphere snow cover has decreased since the mid-20th 
century (see Figure SPM.3). Northern Hemisphere snow cover extent decreased 1.6 [0.8 to 2.4] % per decade for March 
and April, and 11.7 [8.8 to 14.6] % per decade for June, over the 1967 to 2012 period. During this period, snow cover 
extent in the Northern Hemisphere did not show a statistically significant increase in any month. {4.5}

•	 There is high confidence that permafrost temperatures have increased in most regions since the early 1980s. Observed 
warming was up to 3°C in parts of Northern Alaska (early 1980s to mid-2000s) and up to 2°C in parts of the Russian 
European North (1971 to 2010). In the latter region, a considerable reduction in permafrost thickness and areal extent 
has been observed over the period 1975 to 2005 (medium confidence). {4.7}

•	 Multiple lines of evidence support very substantial Arctic warming since the mid-20th century. {Box 5.1, 10.3}

8	 All references to ‘ice loss’ or ‘mass loss’ refer to net ice loss, i.e., accumulation minus melt and iceberg calving. 
9	 For methodological reasons, this assessment of ice loss from the Antarctic and Greenland ice sheets includes change in the glaciers on the periphery. These peripheral glaciers 

are thus excluded from the values given for glaciers.
10	 100 Gt yr−1 of ice loss is equivalent to about 0.28 mm yr−1 of global mean sea level rise.
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Figure SPM.3 |  Multiple observed indicators of a changing global climate: (a) Extent of Northern Hemisphere March-April (spring) average snow cover; (b) 
extent of Arctic July-August-September (summer) average sea ice; (c) change in global mean upper ocean (0–700 m) heat content aligned to 2006−2010, 
and relative to the mean of all datasets for 1970; (d) global mean sea level relative to the 1900–1905 mean of the longest running dataset, and with all 
datasets aligned to have the same value in 1993, the first year of satellite altimetry data. All time-series (coloured lines indicating different data sets) show 
annual values, and where assessed, uncertainties are indicated by coloured shading. See Technical Summary Supplementary Material for a listing of the 
datasets. {Figures 3.2, 3.13, 4.19, and 4.3; FAQ 2.1, Figure 2; Figure TS.1}
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