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Abstract

The IPCC 5th Assessment Report (Climate Change 2013: The Physical Science Basis) was accepted at the 36th
Session of the IPCC on 26 September 2013 in Stockholm, Sweden. It consists of the full scientific and technical
assessment undertaken by Working Group I. This comprehensive assessment of the physical aspects of climate
change puts a focus on those elements that are relevant to understand past, document current, and project future of
climate change. The assessment builds on the IPCC Fourth Assessment Report and the recent Special Report on
Managing the Risk of Extreme Events and Disasters to Advance Climate Change Adaptation. The assessment
covers the current knowledge of various processes within, and interactions among, climate system components,
which determine the sensitivity and response of the system to changes in forcing, and they quantify the link
between the changes in atmospheric constituents, and hence radiative forcing, and the consequent detection and
attribution of climate change. Projections of changes in all climate system components are based on model
simulations forced by a new set of scenarios. The report also provides a comprehensive assessment of past and
future sea level change in a dedicated chapter.

The primary purpose of this Technical Summary is to provide the link between the complete assessment of the
multiple lines of independent evidence presented in the main report and the highly condensed summary prepared as
Policy makers Summary. The Technical Summary thus serves as a starting point for those readers who seek the full
information on more specific topics covered by this assessment.

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
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have diminished, sea level has risen, and the concentrations of greenhouse gases have increased. Total radiative

forcing is positive, and has led to an uptake of energy by the climate system. The largest contribution to total

radiative forcing is caused by the increase in the atmospheric concentration of CO, since 1750. Human influence

on the climate system is clear. This is evident from the increasing greenhouse gas concentrations in the atmosphere,

positive radiative forcing, observed warming, and understanding of the climate system. Continued emissions of

greenhouse gases will cause further warming and changes in all components of the climate system. Limiting

climate change will require substantial and sustained reductions of greenhouse gas emissions.

The in-depth review for past, present and future of climate change is carried out on the basis of the IPCC 5th

Assessment Report.
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Fig. 1. (a) Observed global mean combined land and ocean
surface temperature anomalies, from 1850 to 2012
from three data sets (b) Map of the observed sur-
face temperature change from 1901 to 2012 deriv-
ed from temperature trends determined by linear
regression.
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Table 1. Extreme weather and climate events: Global-scale assessment of recent observed changes, human contribu-
tion to the changes, and projected further changes for the early (2016 ~ 2035) and late (2081 ~2100) 21st cen-

tury.

Phenomenon and

Assessment that changes
occurred (typically since

Assessment of a

Likelihood of further changes

direction of trend 1950 unless otherwise human contribution Early 21* Late 21"
indicated) to observed changes Century Century
Warmer and/or fewer cold
days and nights over most Very likely Very likely Likely Virtually Certain
land areas
‘Warmer and/or more frequent
hot days and nights over most Very likely Very likely Likely Virtually Certain
land areas
Medium confidenc

Warm spells/heat waves. a el(:;;l :c(:;e (liii]:ie ?r? Not formall
Frequency and/or duration g ) y Likely ¥ Very likely

increases over most land areas

large parts of Europe,
Asia and Australia

assessed

Heavy precipitation events.
Increase in the frequency,
intensity, and/or amount of
heavy precipitation

Likely more land areas
with increases than
decreases

Medium confidence

Likely over many
land areas

Very likely over
most of the mid-
latitude land masses
and over wet
tropical regions

Increases in intensity and/
or duration of drought

Low confidence on
a global scale.
Likely changes in
some regions

Low confidence

Low confidence

Likely (medium
confidence) on a
regional to global
case

Increases in intense tropical
cyclone activity

Low confidence in long

term (Centennial) changes.

Virtually certain in North
Atlantic since 1970

Low confidence

Low confidence

More likely than not
in the Western
North Pacific and
North Atlantic

Increased incidence and/
or magnitude of extreme
high sea level

Likely (since 1970)

Likely

Likely

Very likely
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Fig. 2. Maps of observed precipitation change from 1901 to 2010 and from 1951 to 2010.
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Fig. 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 (d) global mean sea level
relative to the 1900~ 1905 mean of the longest
running dataset.
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Fig. 4. atmospheric concentrations of carbon dioxide (CO,)
from Mauna Loa (19° 32’ N, 155° 34’ W-red) and South
Pole (89°59'S, 24° 48' W-black) since 1958.
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Fig. 5. Radiative forcing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of climate

change.
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Fig. 7. CMIP5 multi-model simulated time series from 1950 to 2100 for (a) change in global annual mean surface
temperature relative to 1986 ~ 2005, (b) Northern Hemisphere September sea ice extent (5-year running mean).

Table 2. Projected change in global mean surface air temperature and global mean sea level rise for the mid- and late
21st century relative to the reference period of 1986 ~ 2005.

2046 ~2065 2081~2100
Scenario
Mean Likely range Mean Likely range
RCP2.6 1.0 04~1.6 1.0 03~1.7
Global Mean Surface RCP4.5 1.4 0.9~2.0 1.8 1.1~2.6
Temperature Change (°C) RCP6.0 13 0.8~1.8 2.2 1.4~3.1
RCP8.5 2.0 1.4~2.6 3.7 2.6~4.8
Scenario Mean Likely range Mean Likely range
RCP2.6 0.24 0.17~0.32 0.40 0.26~0.55
Global Mean Sea Level Rise (m) RCP4.5 0.26 0.19~0.33 0.47 0.32~0.63
! RCP6.0 0.25 0.18~0.32 0.48 0.33~0.63
RCP8.5 0.30 0.22~0.38 0.63 0.45~0.82
(RCP2.6)~2.0°C(RCP8.5) =e]ar, of 1,000m Zlo] ol H=2] s e] A|&H oz FojEar gk}
ol A& 0.3°C (RCP2.6)~0.6°C (RCP8.5) A =o|$ict. A Ao, 3wty F4 HAdHA o] FolE e ol
w)$ wsteh A A7 ek $)e B A Aeln
5.3 23 Erd el AL 2147 A
A AT A AxE=Tb A7) el 21471 dF FaE Aoz Aozt 999] 7% RCP

J. KOSAE Vol. 30, No.2(2014)



198 bl e AR - ol

2,604 43%, RCPS.5914] 94% W 2]o]| 1, 242]
Ao 27t 8%} 34%2] W) 3104upl>(7a
7). 2147]) AR EF Fule) Wake Asjstn A
AT ¥}l R3]E= RCP.6oAME 15~55%7} FH4s)
1, RCP8.59] A= 35~85%7) 7tA4d Zlow Aus
e

5.4 &5+

21417)¢) A A FH oz FHapHe A&Exos
45 Zlolvh(1# 8). E RCP AU 204 4=
S Al okdste] Fste) wlsh 9wkl A
iz QlalA 1971~20100) H=% Al=5L
Z3& 7FsAd o] wi$- Eghel 2081~21006 717k
1986 ~20053 2.5} RCP2.6¢]|
2] 0.26~0.55 m, RCP4.59]4] 0.32~0.63 m, RCP6.0
o] A 0.33~0.63m, RCP8.5¢|A] 0.45~0.82 m A&+
7FsAd o] EUeh'P RCP8.59) 7% 2100w o &
0.52~0.98 m AF&38}, 2081 ~21009 Eot &5
A5ES 8~ 16mm yr o]k o]t W =
A3} wlst 9wl 7jed=el] Wik £33 HrkE Ag
3le] CMIP5 7] &8k o 2 BE] A& 7 o|d} (28
8, & 2).

<]
H
£

A AT A

Global mean sea level rise

1.0 T T T T
F Mean over
i ] 2081~2100
0.8 - o
0.6 - i
£ | 1
0.4} —_ 0
3 ‘ | i
[ L o 28
L 5 9
02} e % o
L g @ &
o
O_O- 1 1 1 1

2000 2020 2040 2060 2080 2100

Year

Fig. 8. Projections of global mean sea level rise over the
21st century relative to 1986 ~ 2005 from the com-
bination of the CMIP5 ensemble with process-bas-
ed models, for RCP2.6 and RCP8.5.

8- - Jeffrey S. Owen - AL -

+de

5.5 S 3 AIX|fatE 2
Pshe S ol R F ol 3

N

AL A7) F oA S =%
skl o3t ’hAaESo e kS ofE)

AlZ Aotk RCP 4% BFo|A] 21000d7kA] Q19]
gloFo] A4 F4E 7o

Eko] 1:1 U‘—o]-1 7]
ule Wie o4 2F
RCPo[A wj3-o] mHle] njz] §3
o] A&AQ] BAFSE AYSAN, 48 w99 7
§ 713 ske} EX)o]4 wWiste] oJske] FAHA 8H
o] gkag S A4S Rosivl A FAAE mde] &
Ak 2147 71359} shiseghe] ofo] FHH Y
o] E Zlojgts AML 2 AF =T itk &, 7]
FHsP} A7) F olalsletAe] ZvlE 2 E X
o} soFe] vt F49do] dRE AT Aok o
A Aoz wiEd W oliksislav) wi7]el
ol Al & Zeoloh Wide| Al AHd AlZHfREeIA
7159} vhaegt 7he] oko] Il o]AlslgbA A}
B9 RS B 2 2AE 22 5 3ok 1570
A A~ m oA AbEEl AHAF RCPO| H7]
ojabslelA F=ol vlmE S glE 2012~210043 2
o] Abslel A A u)EEFL RCP2.691A 140~410
GtC, RCP4.59] 4] 595~1005 GtC, RCP6.0¢1| A]
840~ 1250 GtC, RCP8.59| 4= 1415~1910 GtC2]

Heell AT (= 3).

o= WEH oAILE @
o wpE Az A% F
19 87 ek gae] U

Asteiet mE

o

Table 3. Cumulative CO, emissions for the 2012 to 2100
period compatible with the RCP atmospheric
concentrations simulated by the CMIP5 Earth
System Models.

Cumulative CO, emissions 2012 to 2100

Scenario GtC GtC

Mean Range Mean Range
RCP 2.6 270 140~410 990 510~1505
RCP 4.5 780 595~ 1005 2860 2180~3690
RCP 6.0 1060 840~ 1250 3885 3080~4585
RCP 8.0 1685 1415~1910 6180 5185~7005

Notes: 1 Gigatonne of carbon=1 GtC=10"® grams of carbon. This
corresponds to 3.667 GtCO,.
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