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World Scientists’ Warning of a Climate Emergency

WILLIAM J, RIPPLE, CHRISTOPHER WOLF, THOMAS M. NEWSOME, PHOEBE BARNARD, WILLIAM R. MOOMAW,
AND 11,258 SCIENTIST SIGNATORIES FROM 153 COUNTRIES (LIST IN SUPPLEMENTAL FILE S1)

Sclennsta have a moral obligation
to clearly warn humanity of any
catastrophic threat and to “tell it like
it is.” On the basis of this obligation
and the graphical indicators presented
below, we declare, with more than
11,000 scientist signatories from
around the world, clearly and unequiv-
ocally that planet Earth is facing a
climate emergency.

as actual climatic impacts (figure 2).
We use only relevant data sets that are
clear, understandable, systematically
collected for at least the last 5 years,
and updated at least annually.

The climate crisis is closely linked to
excessive consumption of the wealthy
lifestyle. The most affluent countries
are mainly responsible for the his-
torical GHG emissions and generally

forest loss in Brazil's Amazon has now
started to increase again (figure 1g).
Consumption of solar and wind energy
has increased 373% per decade, but
in 2018, it was still 28 times smaller
than fossil fuel consumption (com-
bined gas, coal, oil; figure 1h). As
of 2018, approximately 14.0% of
global GHG emissions were covered
by carbon pricing (figure 1m), but
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Climate Hazard during 1970~2019 (WMO, 2020 State of Climate Services)
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Climate Hazard during 1970~2019 WMO, 2020 State of Cimate Services) @) e s

Total = 11 072 disasters Total = 2 064 929 deaths Total = US$ 3640.1 billion
4% 6%

5%

Number of reported disasters Number of reported deaths Reported economic losses in US$ billion
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Figure 3: Distribution of (a) number of disasters (b) number of deaths, and (c) economic losses by main hazard type and by decade, globally.
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The Stokholm Environment Institute, “Targets and Indicators of Climatic Change” (1990)
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Tipping Point (Lenton et al. 2008, PNAS 5)
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Abrupt and irreversible changes in the climate system have become a higher
risk at lower global average temperature rise. This has been suggested for
large events such as the partial disintegration of the Antarctic ice sheet.

6

Level of risk

W High
Moderate
Undetectable

Rise in global mean surface temperature
relative to pre-industrial levels (°C)

T T T
2009 2014 2018*

Year

T
2001

Ihe 2018 IPGC Special Report: Global Warming of 1.5 €
focuses on the temperature range up to 2.5 °C.

onature

Tipping Point (Lenton et al., 2019, Nature)

@

RAISING THE ALARM

Evidence that tipping points are under way has mounted in the past decade.
Domino effects have also been proposed.
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A. Amazon rainforest
Frequent droughts

D. Boreal forest
Fires and pests

changing

B. Arctic sea ice

Reduction in area F. Coral reefs

Large-scale die-offs
C. Atlantic circulation

In slowdown since
1950s

G. Greenland ice sheet
Ice loss accelerating

nature

H. Permafrost
Thawing

1. West Antarctic
ice sheet
Ice loss accelerating

J. Wilkes Basin,
East Antarctica
Ice loss accelerating
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Figure 2

“Agg regate Effect of the Intended National ly Determined Comparison of global emission levels in 2025 and 2030 resulting from the
Contributions (INDCs): An Update” (UNFCCC, 2016)" {mplenger of ths fntended andunderathier
0 T T T T T T T T T
Ustratve

120

i HIST 60 “““\\\\\ \\'
T e RCP45 /_' o le“ali“::““‘\\‘\\‘\“ ‘. | [

=——RCP60 il |

e RCP85 %

s

w
=

CO2 emission (GtCO2/yr)
@
3

40 -

Lreennouse gas emissions (LILU,eq/yr GWF— 10U AK4)

20 0| ]
N—— ey,
(O ih Crcn e scenars st 208wt conit,ple et 1= 1 Ampere TP AR cenio s i
Data Source : Global Carbon Project (Carbon Budget 2018), CMIP5: RCP database o Ml cotont o s b e
0 max Delay " 2C (3t from IPCC.
| ediate’ omet mitigation (P1) scenarios with >66% likelihood of staying below 2°C (=14 from IPCC ARS scenario database)
1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 10 o oo © Tomof et P e i 66 Welbos o e ko I =14 o PUCAR i b 1

2 (n=21from CC

Cmitgation scenarios

0% Iikelibood of tayig belo Y 100 median) (=6 from sientific nerature]

0 1 L L L L L L L "
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

v K|t AR5 O|Z 0= RCP85 HEE et B

Sources: Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report scenario database, 1.5 °C

o =
v SX|o| NDCE 2°C 2uUstE EHMsHY| of =Lt scenarios from scientifc literature (sce footnote 19), IPCC historical emission database and intended nationally
determined contribution quanification.
Abbreviations: AR4 = Fourth Report ofthe Interg Panel on Climate Change, GWP =
alobal warming potential, INDC = intended nationally determined contribution, IPCC ARS = Fifth
Report of the Intergovernmental Panel on Climate Change, n = number of scenarios, yr = year, Page « 15

THANK YOU!

£ 13} T2 /2020 1. 1. / S4 AT

-10 -



X218 715 A{H| A11)

B

523 AR (

al






woriie iy
ey = L 3

2020. 11. 11.(=)

kl
o
08
N o
E_H
=2
)

= 0.

7. 19734 ol 274 7|$H3} Ak

HAL 7| S35} 1004

At X&) 2020 7| AEM

-13-



Ly e}

1.1973d 0|2l B-=-4 7|23} 4T

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

25
20.5°C (2004)
20 - el wThgssse s
7] 15 14.4°C (2016)
2 A AT s rmssans s T i N et N s :
:E 10 9.8°C (2016)
5
1]
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018

—dFd7|g2 —FIIFar2 —IIHHI2

= 1973 0|% X 10'H(1973~1982) vs 2|2 10H(2010~2019) /[
£ ¥ £
186°C — 19.6°C ( 1.0°Ctﬂ ;ig 13.0°C — 13.8°C (0.8°Ct)] 8.1°C - 90°C (09°C 1) ]

[M=]1 17.7°C > 18.5°C(+0.8°C) 12.1°C = 13.1°C(+1.0°C) 7.3°C — 8.3°C(+1.0°C)

LLLLLLLLLL

sohie Ty
1.19734 o|2| 2.2-4 7|2Hel 4

HoH ZFA B35l A
224 44+ Het
= 115¥(20154)

2000 652(19941d) 120

s e e e Y T e B e DT T T EEL N R SR 7 bl fl 100
z % 819.3mn(2017%) %0
a A
i =
i ol
& 1800 el ogesans NS Y I o O 60 =
......... Lo LB 40k ; 2
o~ T
1NN —_
~ 1000 40 %

500 ‘ ‘ ‘ ‘ ‘ ‘ 54

0 0

1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
e —Zsds

» 1973 O|F X2 10%4(1973~1982) vs |2 10'4(2010~2019)

1304.7 — 1451.1 (+146.4)] g%*(?,')%* 98.4 — 104.4 (+6.0) ]

A=) 1188.9 —+1264.4(+75.5) 102.9 — 109.3(+6.4)

-14 -



2 jer Aol

— W ME|A THE,
HEFLER 7|AbY

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

=] ‘N
$A RS Shefee)

SabjEss
rjop)

2

742 LR
__
S0l AiE 2o
() |

2004 2005 2008

. TRDIO| ST MEEY STS T HAIKQ! LM AH|A HE,
HCHLES 7|AbS

2. 74t 7|2z} 1008

» 2= 0= 1044(1905~1914) vs =2 10(2010~2019) O{EA| HIU 272

[

22
19
7l
o 18
~ 13
°C
~ 10
7
1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015
—3dg7|2 —FIHRI|2 —EIFHI=2
*| 1 b =1 E3ps
pnd LS
P 17.4°C > 19.3°C (1.9°CT) 1o 134°C - 152°C (1.8°CT) -ng-l 99°C - 11.9°C 20°ct)
7|12 7|2 7|2
£Hl: °C
- 2, 020 4EE0| M Y & Gf | ‘& | A%
SASE 2 S o2 s 712 > A BBT10@| 117 226 15.9 33
Q) +21  +20 +1.8  +14 x2104 138 246 17.7 47




—— 1 2 oI5t SAIF Ol Lhi| AH|A JHH
HCHLES 7|AbY
L I-\ J

2. B4t 7|2 43t 1004

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

» 2= 0]F 104(1905~1914) vs =2 1059(2010~2019) O{EA| HIU 272

[

3500 140
3000 120
Z 2500 100
i &=
T 2000 80 o
=
¥ 1500 60
m 1000 a0 L
= oo (AR it 5 5
=
0 0
1905 1915 1925 1935 1945 1955 1965 1975 1985 1995 2005 2015
mZeE —ZrYs
ofzkA a3t HZEAQUA
'—(°_';° 1443.2 — 1530.0 (+86.8) = (;'_E') . 108.4 — 98.1 (-10.3)
Wl

TRDIO| ST MEEY STS T HAIKQ! LM AH|A HE,

HOHLIS '7|Jgs§ ;

2. BAL 7| S HEL 1004

X| = 114 7H1905~2019) X210 (1905~1914), Z|210'H (2010~2019) B3}

ME| Y YU
80 4
3.2
6 61.1 ,
42.1
40 2
20 1
0 0
SESE] %2104 He104d #2104
= MElYs (2HRKTIe<00) 192 HA = AU (2xa|2<00) 259 AA
= ot AZ0| Mz
2o 2
30 24.5 s
6.1
6
20
105 4
) . /
2
0.1
0 0
X104 2104 X104 2104
= HOiOFY s (A K7|L> 257C) 14Y Bt = ZEUs (2x|mYIe>330) 6Y Bt
= ot O{E0| Y

-16 -



. rolo] PN MHHO| ST 9% HAIKQl Ui A2 HE,
HEFLER 7|AbY

3. R—+—HE:I rg LL(1981~2010'E|)/}-IE1 Lli(2010~2019'i|)

X AT U M2 HOl £ 40| 0.0m Ol4el Yt

(e
(cm) M (%) MOl A
( R ) [ MEEAS 1
50 15
40
30 10
20 5
" i L
5 ifff]iﬁffﬁ 3o il w - O M T T 5 0
1981 1986 1991 1996 2001 2006 2011 2016 1986 1991 1996 2001 2006 2011 2016
— 2208 ——gMHT0d  —BAXI104 — 22104 242104 ezl 2104
s HE2E dEFUHE™ U (EH21: am) - 223 dEFLUEHMHUS H (EH9l: )
T 2A | g | He TE st st | B4
Hd 41 52 - g4 16 23 -
S5 28%7|7H1986~2019) | 3.1 58 38 SS8Z7|7H1986~2019) 1.1 23 1.9
=2 104 14 78 28 =2 104 0.6 25 15
B2 MHMTTIHE(m) Y(1986~2019) (g @
1.00]|AH 5.00]AF [10.00|AH
X% (00014 10met| LOTIE | &0 S a0.001
HAF |39 18 15 3 2 1
2 | 78 34 31 8 4 1
&l | 63 35 23 1 3 1
X EAHS X MBS 0 BERLE JIF, JIMTEA0 £0| HOIX| LCEHE ATII DRICHO)S HY 4 90f MY HHASol OHE & AUS
- r3olo| ohMIF MEHO STS QI3 HAFOl LM AH|A H
- B 20lo| QHF I MtE g 9l S AH|2 T

3. .Q.fl\_':la=| *_g L|'_(1981~2010'ﬂ)/ 5'%10'5(20104019'.—3)

- REEE; )

50

- EAH100L00] ZN
30

20 de- 8 231 85en = BIIS B

Fresh Snow Cover(cm|
e oy

. hfi’frlziifilf}:j

1981 1986 1991 1996 2001 2006 2011 2016

—RMxZ10d  —SM4xZ108  —FAEZ104

HE N BY B !
W TS Al AR e 28E
T3 ol BeT

PR o ]
R I
el SEEs ol RF R WA
sicl

TakE E A olet clasE

= 2273 UHEY =21(1973 0|F)

e g el

19l | 29.5cm (2005.3.5.)|21.4cm (2011.2.14.)|21.8cm (2001.1.13.)
2| | 12.4cm (2001.1.3) | 12.7cm (2005.3.5.) |12.4cm (1994.2.11)
32| [ 11.9cm (2005.3.6) | 12.5cm (2011.1.3.) [12.0cm(2012.12.28.)

M

-17 -



HCHLES 7|AbY

raglo

2
ra
=]

SE2 9% HAHO LN Mu|A A,

J'g I_L=I(1981 ~2010'—=|)/ *I :1 L' (2010~2019'—=|)

3. Ri m
™ HoE% )
30

o

1973 1978 1983 1988 1993 1998 2003 2008 2013 2018

—5227F 2108 —=F4 21048

@ E7ss )

50

— z2 104

40
30

20
10
0

1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
2234 ZZw0d

— 24 2T 10d

* ZHES 2911973 01 %) - AC|&ZHES £91(19734 0/F)
=9 SM-FYUEHE 2o =9 SHZAMEE 24
121 | 21.2m/s (2¥,2009.9.16) | 26.1M5(2003.9.12.) 19 | 37.2m/s (&31,2003.9.12)) | 43.0m)s (1987.8.31)
291 [ 20.7m/s (241,1976.6.8) | 25.7Ms(1989.7.16.) 29l | 36.7m/s (241,1987.8.31) | 42.7Ms (2003.9.12.)
39 | 20.2m/s (8%,2003.9.12) | 25.0Ms (1983.4.28.) 39 [33.2m/s (8412003.9.12) | 42.3Ms (1995.7.23)
= ZiE% Hn (EkSl: ms) = HO =SS (EH91: ms)
TE 224 by H= T 223 ey =
ekl 124 19.1 12.9 ekl - 293 -
2 104 10.6 16.2 11.4 |2 104 18.4 25.0 19.7
20194 9.8 15.8 11.9 20194 17.7 25.1 20.4
: rRglo] ehEat MEHHO ST it SO IM AH|A JHE,
HCHLES F]Ab

BEH 1o
3. @A WL o0 o010/ 2 10E 2010-20199)
| gseT | xamzel suo H0ES 1umsola 5 Atie2ES 20ms0l4Y 1
----- A — 232 104
&) \
Ha
100 s

0
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
—ESAEAT10E  ——AE D104
= 23U =21(19734E 0|F)
=2 SiFMEE g4k
19 18 (4t 19761) 552 (1980'4)
291 17¢ (e, 19784) 542 (19744)
39| 132 (24 19994) 482 (19814)
33U H GL
T 223 B I
" 39 18.7 47
z2104 1.2 5.2 1.6
20194 0.9 5.0 1.2

-18 -



g Qs HMFOL HM M|~ THH
HCHLES 7|ARR
HErL:

3. .9._+_HE:I rg I"L(1981~2010'--=|)/*|:'1OL' (2010~2019')

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[ St 4~ ] % O (03:01~09:00)41 X 7| 20| -12°COJSt 2 O &

----- gd  — 2 104

1973 1978 1983 1988 1993 1998 2003 2008 2013 2018

—R2AX 10 —FMxZ104 (F ) v b D120l BM F5t 1285 963 Tl 2 HE 2|
Y oF HUAHH URICIE YS20| B3 20 U0k 2 BYE HAT UM
5o g o*omjrz_ L} 2011116

- 3HI} 21K7| 2 £91(19734 0|3) - U4 @ (bl 2

cHol:
=% SHFYEE it T= 223 it =
191 |-21.0°C (&, 2001.3.14) | -12.8°C (2011.1.16.) = 15 0.0 55
29| | -19.2°C (2, 1982.1.29) | -12.6°C (1977.2.16.) %2 104 17 0.1 53
391 |-19.0°C (1%, 1981.1.4) - 2019'4 0.1 0.0 04

r ofx

il

H

2lo|

1)

Aol =X

=1 (3

fjo

QI3 SATOl u| Mu|A T,

HCFLES F]ARR

3. Rﬁtlad % Iﬂ(1981~2010'ﬂ)/ §|E1OE(2011~2020'.-3)

ofEH 2|07l |

A= 2HASX}(2014~20181)
----- Bd — 2 104 kS
o
5 [HE
40

30
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018

—22F H210d —5F4xZ10

o

o o > oY oft X off o o Hr oi 2 mjo
N oof o of AT 0f HT AT o 2 rx AN 4N 1

(BHRt)
0 500 1000 1500 2000
« {EH %172 =2(19734 0|F) = 0{EH 17|22 H|m (E481: °0)
£9) SAFMHE sS4 £ 223 24 I
19 |39.5°C (8, 2018.7.26) | 37.3°C (2016.8.14) i 35.2 332 348
29 [39.4°C (2%, 19947.20) |36.7°C (1983.84) %2104 36.1 347 35.8
39| [39.3°C (AM, 1994.7.21) |36.6°C (2016.8.15) 202041 354 332 348

-19-



rRoMz Bsg 3 VR WEL 25 2,
HCFLES 7|AbY
A HEH IlLs X :l.1 0 L:
3. 2AE HH (1561-20100/% 210 co11-2000)
X ZG Y4 2| 17|20] 33°C0|4el Yt X GOiObY 4 W(18:01~CHE ' 09:00)%| K 7| 0] 25°COl4kel Y
----- a4 — #2104 - EEH —— &2 104
Q) — ol A~ al Ol A
= U+ ] @ | ECHOFY = )
50
40
30
20
10
0
1973 1978 1983 1988 1993 1998 2003 2008 2013 2018
——HE2H e HA
= HrjoFd 4 =21(1973'd 0|F)
=9 SiFHEE 24 =2 SiFHEE 24k
19 48 (A, 1994H) 18 (20184) 19 34 (24t 20134) 472 (19941
29 479 (&H, 2018'H) 132 (20134) 29l 332 (241, 19944) 37¢ (20184)
39 47 (2, 19944) 10¥ (20064) 39 27 (&dl, 2013,2018) 37¢ (20104)
@Y Hla (=91 ) * BCHOFY s Hli (22l )
= 223 24k Ha T2 223 24k M3
A 13.0 2.7 10.1 A 6.1 14.1 53
#2104 183 6.2 14.9 x| 2104 10.1 223 9.9
2020 1.1 40 8.6 2020 73 15.0 83
. Rz B2 oot 7|2 WEL &8 P
HCHLES F]Ab
A EH IOilL: X :l.1 0 L=
3. .9._|_ = .j (1981 ~201o'.—j)/ M J(2011~2020'r3)
= ol A o Ol A
ZHUST & BOHOFU ]
HEOME 2X|X|Hoj|A] BILHSHA| LM WEECH sfetx|Ho|(R2 +=57IT)
SERL EA(E2 X7 EE8F)0|M ECt HIHHEHA Ll

-20 -



, ERNEEEEEEE EELE Epe
HEFLER 7|AbY
gorLe

3. R—+—HE:I rg LL(1981~2010'5)/}-I E'1 OLE(2011~2020'.-3)

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

AlZHEE 24 30mm0| & Y2 |
----- 3d —HZ10d

(%)

o=
=9 SAZAMEE Bt
19 7Y (AHH, 19891) 7¢ (20204)
62 (MM, 201214, 2006
o I 1
29 /A5, 19981) 62 (1999')
L}
= 30mm/h O| & Hlm (Bl )
e e B M2 3 xj2|ah #2223t sfiQo] B
4 19 22 17
* =104 2.1 2.7 1.9
20204 29 7.0 23

e
HCFLES F]ARR

3. g4 8 g/ 210'E

Hg 9ot HAITQl YK M2 T,

=

L
S
HH(1981~20109) EH UM EfE 5+ 9 oot A EE =
5.8
4.9
3.6 3.6
23
1 13
05 54 o3 00
1@ 2@ @ e@ 5@ 18 1»E

YHE S+ —ITHEST (222

= EfS2 d'E 25670 B4, O F LELi2tof] S NK= EHS2 3.1

-21-



HCHLES 7|AbY

3.2

2

I L:
O L.

raglo

i)
gal

2 9ok Al LM AfHI2 TR,

(1981~2010'-=|)/ *|:1 L (2010~2019'—=|)

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

of

<Ef S Y

$%l (*2020.10.27.7| &) >

(TH2l: 7H)
| 3 1 2 3 4 5 6 7 8 9 10 11 12 A
1) 03 01 | 03 06 | 1.0 (; g) (g g) (f g) (g g) (g ‘15) 23 12 | 256(3.1)
o108, 06 05 05 04 | 05 (g l) (‘1‘ f) (‘1‘ g) (51" g) (g g) 2 09 | 25239
2020 1 7GQ) 4 |5 | - - 18 (4)*
2019 |1 1 4() |53 63 |4 |6 1 29 (7)
2018 | 1 1 4() 5 9@ 4@ 1 3 29 (5)
2017 1 1 8@ |5 4(1) |3 3 2 27 3)
2016 4 |7 1@ |4 3 1 26 (2)
X FH: 1981~2010d/ 23 ¢ =X} 22|Li2t T EE (LY 7|18

HCFLES F]ARR

Ej = =

b=

MTO ST Q% HAUHO LN M2 T,

20194 ot HSHERE

N

NOZ

o

130E

T50E

T60E

;‘_Hi g=olz g Aot 3—|X‘|f;:l)7|céf 5—|('::|]/§s)‘—7' f‘j;ﬂ o EH%WQ%'DT\%%/
o S S | | |

1908 | Feanascy | 66 oo | 2 | T 48| e
9| o oo | o 9 oz ¥ | ages
1913 (LIN%GILET:\IG) Q;é.ggAAl\N 40 4 uugz; ) _A_Lﬁgféuag
7 o | smel | % | 7 | | # | ginege
1918 (h:‘:’i;) ?éi?:h 965 37 T,;f 4R D;i'flag/

1
sa]
061
044

| T
us B L
,o-.llllll _I I" l I [ l

08

lomo 1989 1998 2007 2016
1980~20194 SME|RY 738 si+W 25 ML 7|4H
HH =2 X7 2430 dgoz B UrE HEH MR FMCL I7HHBMET 22
10447h2009~2018H) $tEtzOf HetE O EfE| =& BMEH ZIn 02 Addm/s
o[d) 24 Bzt 50%E XHA[@C 22 2ot efBel gdo| Frstn Qltte £0(Ch

E{E3I22|Typhcon Commitiee)OlAME MA Mo 2 EfBO| Wil $& FUXD, 12 B
o

2 37t 7540 shta YL

-22-




2 9Ioh SAROl S ABIA T,

AR Loy Il =4

HCHLES 7|AbY

4. A2 Z0|o| Hz}

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

St KHAA|Z Zol: apA, #xy, oj2y

2 28 129 ® 68 7Y 9 1082% 128 259 @
7|1=3k Y -
(1981~20104) HE : 49Y 2:115% ofE:117¢ .
2 104 o 23 1ed ® 6312 2 108 7Y 128 1320
(2009~2018') (@EETFPITT & : 1058 olf : 1289 [ ]

=3
ol
N

1282 E oF 10¥

rir

& 1A 309 o{E9| 2ol 117L0| =0, =2 1040

24712 Mz 20| QICHH?

RCP3.5 @ 581y 3 108 259

(2071~2100'F)  empperpu—=— @ Ago| A2tH &, 7h20| BHH
2 MY
g oz e g
YHAI| 20| YHT7|20| YyTI|20| YBT7|20|
I|4H 71E 5°C Ol4 2217t & 20°CO[N Eoft & 20°C O|Bfo 2 HojH & 5°C O|ptO 2 Woifl §
RHIAH AR CiAl ZOIRIX| e K CFA| HOIRIX| B &t CIAl S2b7H%] 9= &t CHA| S2P7HR) O R

. TRDIO| ST MEEY STS T HAIKQ! LM AH|A HE,
HCHLES 7|AbS

5. (Kt X}E] 2020 7|AEM

EERCYEEEERE

TR 190) [ 289 39D | 3R 19) 4K 449)) SH(LH 14%)

@ RARIYIY
4

Aglng
T A RGO sy
B AR A o
ASAMEL01 2510 ey &
i T iy _ﬁp"
Ve i ?
1 5

g oY &
s E

P

(B%) 381 (22%) 48 W XIT 7|27 BAE

-23-



HCHLES 7|AbY

5. [RtTXIR] 2020 7|AEM

------------------------------------------------------------------------------------------------

=
= (63) 7|22 1973 0|F 19| 7| &, {EXEHFE O|E £F
= (7)) MU ' ROt 519 491 / (8E) ZHat ELHOE 0|0jH &2l 49

O{EH (24.2°C/4¢l 178))
311 6% (23.0°C/4% 19]) | 7 (22.5°C/4¢l 459)) | 8¥ (27.1°C/A4¢ 49))
=y & TR o204 SEERTAY
i . 5o o = 809pm) ;i
19 - & g i oy : A
e 58 v
s T (ARGl
6.1. 6.11. 6.21. 74. T 721. 8.1. 8.11. 8.21. 8.31.

HCFLES F]ARR

5. [RtTXIR] 2020 7| A& EM

| GE®-227 2419739 0|2 18] 718

= (6~7F) ‘dH|T o] Holiet X|Hof| X5 M= H|2E 2
FHIE Mol EET X 7| YoM 2HSOT! Fot LR o 57| /Y

= (8F) SENELN7|Y 7FEXIE|E et mpsestn S8 87| /Y

G EH (1207.9mm/4H2| 12)
6%¥ (238.9mn/A2l 13%) | 78 (601.2m/A2l 29l) | 8H (367.8mm/A2| 14%)

160 (LRSI
— 35 0P| ——
120
%I- ¢
A
T
2k 80
(mm)
40 |
0 Il |
6.1. 6.11. 6.2 7 8.11. 821. 831

-24 -



. rolo] PN MHHO| ST 9% HAIKQl Ui A2 HE,
HEFLER 7|AbY

5. [&tnX}E] 2020 7| AEM

©00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

| oEd .2z 2 OPE 23 DE 29| 7|8

» R2ES Ze HEXIE Yo 712E2 38Y(6.24.~7.31)2 19731 0|2

HoO b3 A 2EO AO|A L ol L=
» BHEZA HoOPd 2452 7085mm, Z5U4= 2342 2 1973H 0= 49
\\
20204 g4
B Z==2(mm) Zdaxg) B Z=2(mm) Zdg)
B 851.7 347 366.4 17.2
e 566.5 23.7 3486 17.1
228 /58 708.5 / 956.7 23.4/23.0 387.8 / 400.8 172 /175
NES 562.4 29.5 398.6 183
I 686.9 283 356.1 17.1

X WR7|dY0| =EE 1973 0|2 AHEH oz BAXAE A= = 4571 AF sk S
(EF) 1971 A, (") 2670 XH, (M=F/85) 271 XFH

0%

ot
]
10
ol
[l
fjo
40
S

- "= Rlo| oHH It SHAUHQ M MH|A T,
HCHLES 7|AbS
EerehE

5. [KtnX}E] 2020 7|AEM

EEECET

= (AlH[2|oF o] ¥ 2) 78 F= sHYTHXO| 19791 0| JLl Z|X 7|=F

Z9l= 7| Hjot
oallte 3 1 27| X4

AP

SEEYRI|U| 22 24 Ko
Se|Liet 22 HHN XS

-25-



HCHLES 7|ARR

------------------------------------------------------------------------------

E WD o] = 37 EfE0| 2|Li2to]] HEF

oA =2 off+H 2 (HE +1°C 0|4

© (M5= EfE Z0]) 89. Y& 27|LIet HHMZE 2F 600km E2
SHatolA 2, 8.10. 24 NEMF 10km 2 SA0A
N7 2 ofst

* K| 7H=2(8.9.~8.10.): 27.3m/s(24F O|EHA), 26.2m/s(EY |2 E)
Z4=28.9.~8.10.): 143.0mm(7E S4), 135.5mm(AHE AlH)

ro

(M[8= EHS BfH|) 8.22. EtO| 2t EtOIH|O| EH S5 ©F 200km
FZHOM, MaljetE et 827. = Y 5 2 180km

4 Y0 20K 7|Y22 Aot
* K| 7= 25 (8.26.~8.27.): 24.2m/s(EY N2 %), 22.4m/s(E3H)
Z7(8.26.~8.27.): 240.0mm(LHE X|2[4h), 164.0mm(AHE AIH)

SN AOAM L, 93, A HME lioto] M T, s 5F

oF 130km £ SH& M 2O 7|Y2 2 of3t

* K| T2 7HE25(9.2.~9.3): 46.6m/s(DH2 =), 46.0m/s(SAF O| HA{), 35.7m/s(FAh
Z=29.2.~9.3): 265.4mm (&2 &), 232.5mm (LY CHE

0;

-26 -



0|24 2FY (APECY|ZAIE] 7|2 2Xa})






APCC

APEC CLIMATE CENTER

HMA 0l II2

— Ol g X Aol

0| , 7|1FEAM

APEC 7|ME

Hx|+ 2712

Global Land and Ocean
1880-2019 Trend

u (+0.07°C/Decade)

0°C T T T T T T -1.0
1880 1900 1920 15940 1960 1980 2000 2020

(EX: http://www.ncdc.noaa.gov)

S mm APEC CLIMATE CENTER

-29 -



a2 =¢(3H)
X

January 29 20 17 19 34 31 33 32 ISEZS 22 24 35 37 27m3§ 21 23.28”15 6

February mn 24 221331 33 26 35 32 20 30 34 16 27 3

25371 33m22 34.30 29

31 32 27 18 36 28 21"23 14505115 16 19 4

Sk
January [EEI30ETERY29 EVAPLE- VL] 27Ezs 19 24 112031 25 18 28 22 PACR A 17 [N - P ETEE] 21 23 U EERCEET
February 17 2550122 h TR 12@13 45021 26 18 19 [P E
March
April 241 127 25130 K-8 21 18 23 28 19

27 24 19 23 16 26

L35 x436 33 22 32 21 37 31 25 29 34 30

<3|Lta}

JELUELYAN 5 40p1:424718 2 324837204544 4314117 3 34pL) 7 pL018p1 213214111437 4 35paF1 8 6 14pL13546£2140 9 O pEI133911 1

[RELIOVETSAN 17 4232 6 4540144637 304248@472237 8 5 33!1741@ 3 1936@10 10 7 37 135213164230 9 1519213310 3

S March 36474133@392031 1 4836363945! 7 33103346pP114312 6 162030 2 E1642 12 9 103144@15 4147181 5 2
April 1334L 42 19@3945 29 103430 3632 5 36 42 4 3947 1143214 7 1912 9 3630111748391746 514 3 2 7 E

A [\EYAN35 3545 44p1310454043 1017!173534 1642404835p¥145 m 8 35 14; 6 m 6125 2 2 112214

r June 38484142f A19231936 32p k13 2345@ 7 4739p1:344 9 45191915k}13612 3 1542124 9 7 2 9154126 E 1

3472143 8 3 3145 9 343923154234333416/4:/2048 1 31 34 9 11r¥/4616214138 7 39131811 6 18r¥13 5 2 2344

llm 5384517@4841@18 7 113439F7134 9 423947 3 1119@3619 4245p:1: 7 153336 3 a 9 142

July

August 5191146

September ELEIRSEYEYI25ErEL LTI LN L LT ] 14@34 4373838 3 2 3811331616 6 4010 8 14 3 12321116 7@3
October [Ea¥ei:lbipix 15424217537154711 3 5353745 19 34231@7 4635@1 13 4 BHBZES 1713 4 1042 4
[N\[ei7=pals i@l 43 43 6 45191637 14471333163241 4252 363712 5 40 8 2020283345 4 6 15 8 2820rkj28 1 372810 2
[Dl=Yel=10slo ]I 43 37 3826 2 1015453430393243 6 p#42611F¥1 3 112613402013 7 p1120341618 3 4718 9 1730323446pL142 1 3 4026 8
MTNONODAOANMTNONDIOANMNMITINONVNIOANMNINONDNIOANMITINON0OO
INISISISISIS™S0000O0OODPBVOONDDIANNDNNNNOOO000O00000 drddddd A A ddN
00NN NDNDIOINDNNNNNNOO0O00O00000O000000000000
A A A A A AAAAAAAAAAAAAAAAAAAATNNNNNNNNNNNANNANNNNN N

4138 ¥2712(1905~2020)

0.4

0.4

—0.2

0.4

=02

-0.0

-—0.2

-0.4

7
6
5
4
3
1
A g Al MO OO0 01 |
o O — NNNNMMMV#VLA’\MU‘ALA’\'\O@&OI\V\ coooeocoowcnc’xooo‘—r‘—‘—
LR el i Al AL AR CARSL CARSUSCUS AU CARCAL (UL AU LU AL S ST SR R R
-2
3 0.25
N
0.20 —|
=y
5
ol @ o\ O S 0.15
2020'd 13&8 Ea 7|2(6.4°C)2 g
I L= I.I- HEAHSE A Ol 2 o
Oiﬂ'77|j|:lE ACI;EI-'I'N!:h = 0.10
3 [ |
0.05 —| 1.30%
0.00 T 1 (R
e APE _4 <2 o 2 4 6 8

Monthly mean temperature (deg.C)

-30 -



Relative frequency of top10 record for each decade

El Hine (39%)
LLa Mina (36%)
Meutral (25%)

—— Num, of year {5)

=

T
-

o
&

GMST Anomalies { °C)

i
1910 1920

100°E
L L

160°W
L L

1995

2019d
ZZ 10

1880 2000 2010 2020

8 APEC CLIMATI

N EINino WM LaNina W Neutral

2005

= JhE HEE of (W
(2010—-2019) & X[+ 7|2 *cLi'

s

4 Tx90 (Tn10) 7|&

m APEC CLIMATE CENTER



0| At 4=2-Trend (0] EH)

I 1 L) h
8 B80°N 8
4
40°N 4
0 0
00
-8 40°S _8
0° 100°E 160°W 60°W
1 1 1 1 1 1 1
4.0 ] c 4.0 ] r
2.0 ] . 2.0 3 r
0.0 7 C 0.0 3 C
-2.0 4 F DY I
] c 2.0 1 c
e S -4.0 7 F
T T T T T T T
1985 1995 2005 2015 1985 1995 2005 2015

ojat Zad: & LYY L4 I &4t (90%tile) EOF 2 9| +»

e APEC CLIMATE CENTER

0|&7IF2| HE

Apeirsl 2 ARt BHE2

Totsl = 11 072 disasters Totsl = 2 084 828 deaths Total = LSS 3840.1 bllllon

Number of reported disasters Number of reported deaths Reported economic lozzes In LSS bllllon
1870-1878 m 1970-1878 1870-1878 176.4
1980-1888 1880-1888 1880-1888 883
1880-1888 1880-1888 1880- 1888 523
20002003 2000-2003 2000-2008 420

200-2018 2ng-2018 2010-2018 138

Il Drought ] Extreme temperature M Fiood B Land=lide M Storm H Wiiafire

Fgure 3: Distribution of (&} number of dizasters (b} numbeer of deathe, and (¢} economic loszes by maln hazerd type and by decade, globally.

e APEC CLIMATE CENTER

Source : WMO

-32-



@ Top hazsrd for numbsr of deaths & N careme s iy i
B Top hazsrd for sconomic losses IR Hod §! (Rpeesiuiney Wildfirs Qﬁ‘{ﬁ‘ Drought * Storm - Landslide

(Source: CRED)

Figure 2. Map of deadliest and most costly weather, water snd climate relsted hazards for each country {Source: WMO analysis .
of 1870-2018 Ot 1rom the EMergency EVents DEtsbass of tne CENtrs 1o RESEATCN o e EPIGEMITIogy of Disssters, CRED) ource

0|&7|= ZLIE{E (APCC)

Climate extremes are in both "atmospheres” and “lands”

ATMOSPHERIC PROCESSES oossereeesssssssvssennees
| F

I )
[ LOW PRCP ][ HEAVY PRCP ][ HEAT WAVE ][ COLD WAVE ] :
e e e e Fee;back
LAND—SURFACE\" I I /
PROCESSES . Mater balance Energy balance: :
N
TERRESTR|AL WATER COND|T|ONS .................................... .5
A
[ ]

[ DproucHT ][ FLOOD |
ET, SM, RF anomalies Peak flow, AWI

e APEC CLIMATE CENTER

-33-



I 71 Climate Extreme Indices.—, absolutes ... ,. durations

- . thresholds il
[ 0.25° global gridded resolution e RECRINE
1970-2016
max Wet days Precipitation extremes
BrstipiTateE — T Bhtve —5. S T y Verywetdays ., Dryand wet spells
=N 10 Total annual rain Contribution from very wet days
T 1 Rain intensity 9 Drought indices
N L 4
_’C|)‘- 35 Very warm days H indi
/47 exceeds — 3 30°C e Hot days e > 15 Heat W‘TVE nelues
! 25 Hot nights Warm spells
maximum
temperature
[
0. h -
Days average fhedte s R SIS, GrOang degree days
when temperature Growing season length
minimum
}1{ temperature % fesilerys o
is below > .0 *Ce——» Frost doys et 5 Cold wave indices
20 Coldest nights Cold spells
|
\ Brawae data: it elimenp- st kirminl/sekecteld reaicai?
AN @\ Download data: https//goo gl/R44C)s 5
o Paper: https//googl/KT83aL "Defined by the WMO Expert Teams on Climate Change Detection and Indices (ETCCDI) and Sector-specific Climate Indices (ET-SCI)

AFEC CLITMIATE CENTER

240|cjof AI2E 0|Zst 0|&7|= ZHAl

ERIHE 8% 0|471% ZAl HA|

= opo|d Heatwave-related Geotweet Ratio

" Daily Maximum Temperature at 2 m

=

2019)

(a) 90th percentile (Days)

Daily Maximum Temperature at 2 m{day)
s ! L 1 ! <

- Twiter 2219 A7 08 A - EMmcEEY - TFIDF Term Frequency- BELEEEER
A2 RIS 4 + E28} Tokenization) Inverse Document + 3T mapping #4
. 02 FE (stemming) Frequency)
- EHO 5 (Lemmatzation) - Support Veetor Machine
S MA@ BEHY (Regubr (SVM) Classifier
Expression)
- olzE2EE

1 Frances C. Moore, Hick Obradovch, Falvio Lehner, and Patrick Bayls 2019. Rapicly dediing
remarkabilty of wmperature anomalies may cbscure publi perception of clmate change, PHAS.

HE11, po 45054510 &2 B22 WA 7IRS 0B 7232 A0 w4 B9 ol I g (b) Difference (JUL > 90th - clim 90th)
Daily Maximum Temperature at 2 m(degC)
1 N n N 1 |

LEEETS

LUK s e o

20194 78 AbE| P

¢ S ("7|0f 7725, HRE 7/28 TIA 7/25 S 7/25

S AZISE 7/28 SR ES 7/25, HEHETE 7/26, =290
7/26, 2905 7/28, = 7/25, O| 2|0} 7/25, S Y 7/25,
24|91 7725, 0| Eta|Of 7/25, AQA 7/25, H| A 7/25) 78

TolgEy
o | dolojel YRS E Tais B HRY 37(0]4 7 20] 40°C £t
a1 -ZgA 26°C 7180 LEEE Kol B8 N0 0f21E U

- @2 AeEalx, 387°C 7|12
- I 2tE Gilze en Rijen, 40.4°C 7| &
-5 2, 415°C 7[5 i

-34 -



0|&7|% ZLIE{E

_SPEI Timescale fo

SPI SEDI
M -

~—— - (
~—— )
P il D a awt
Prcp Prcp ET, ET ET;
(Supply only) (Supply) (Demand) (Demand) (Consumption)

Latitude (deg)

McKee et al. (1993) Vicente-Serrano (2010) Kim and Rhee (2016)

General Water Balance Equation in Lands ! 3

T T
¥ T T 30 60 90 120

Precipitation —
i AS
] 2 =P-ET—Q=P—ET—f()

T T T T T T
150 180 210 240 270 300 330
Longitude (deg)

Anomaly

W ;
l| \ t
Se=f [Z - En)]
i=t-T+1

\
' Streamfiow = °
' \ 2
\ \ k=2
\ \ 3
\ 3 1 . 2 °
\  Groundwater A k (i.e. capacity of water storage) B
X X is affected by “heterogeneity” of .
e L N surface properties -
o 1 2 3 4
Time (years)

Van Loon (2015)

|
! ‘l’ SEDI Timescale for root-zone Soil moisture (months)
W St =kSt—1 + P —ET, pe . ; 1 ;

20

30 60 90 120

m APEC CLIMATE CENTER

150 180 210 240 270 300 330
Longitude (deg)

East Asia Extreme Climate Map e
JUL 2020

Hot: 0|4 12 i A47} 10 0|40l X|22
e Mom Lteny

?’ @ Cold : O|¥A2 LWAT 10 O|HQ XHS

0°N

ZEMOZ LietY.

e ® Wet:SPIT XI5 13 Ol4fel X902 HR$A|
g =M UFOZ Liepd,

@ Dry : SPI1 X|5= -1.3 OI3H7HF XIF0 A severe
Hoh Zghel XAgez A X9 S 2 Se

S= 24 Aa
O Lietd.

50°N

40°N

30°N

20°N

‘&©APEC Climate Center

90°E  105°E  120°E 135°E 150°E

0 . e e

Hot Cold Wet Dry

10°N

ol ZXT XIS Of2{7}x| 0[47|
7 LIEHE ROt Ligtd
H4H0] SAIO] LiEFLLE x|t

ol 9.

75°E 165°E

PN n

@ u o o=
= 7| o o

e HR
teooY o rir
P2
so gk 0% oy
rir

East Asia Extreme Climate Map

o412, O|&M2, && K HE(SPI X|) &
O|47|% ZAHE SEHY Mo AS

Return period of the largest P event
N SEP 2020

East Asia Drought Map
Unit : years

SEP 2020
N

-
& ©APEC Climate Center | |

20°N 0 - & 90°E 105°E  120°E 135°E  150°E  165°E
&@APEC Clifate Center .
0N - T i 4 T T 1 2 [
I5%E 90°E 105°E  120°E 135°E 150°E 165°E v’« seon -
‘month) 1-Month Drought index
B R pE TR U2 A RIS 3 SOM0l 71 58 BEER)
Hot Cold Wet Dry S B o

(ofl) 2ITH 2= Abe/ 2CH 24 RHBT1ZE > I8 D Ao 28 ZAYE S EE

-35-



« 24X Y(ranks = %
2E) My 9

«ENSOS F8 7|

.

e
E——
X
~
Lt
02

S Ha 8
i A
=g =Y =i N| & Kl#=2t PC2t HAR T AT
8 s
© 24 Hug Sct
ARl 24

APEC CLIMATE CENTER 15

20204 SAltlelOf 1=

£OF &4 L &2

- SAIH[2[0F D2 .
b) PC3

4.0

imnews.imbc.com> FAFHO] +
[Ol7+=] AlH2[OF O] 2%
2020.6.23.- 5 Z0| HS 22 7O
2 B X QoM HER. 0

o
=l
EXNY

R E

A
T

www.sciencetimes.co.kr» news » 75| ¢
A= El= AH|2|0f O] & 127
2020. 6.23. - S=H0| %3+ 2{A|0 Al¥|
Zh 015 L7t YAHEAEWP)0 2R
Lr2tE HM0: & | TS R 7F Lo

1985 1995 2005 2015
(d) H500
=

kr-mb.theepochtimes.com » AHE27HX|-E%

“ "o 1 0.7
META FMLE Y 385 o
5 T - oY 12 HHO| LIt Zi0|ch 0.3
B0 ATt EME RAISHE AIHIIEI‘% 0:1
- -0.1

post.naver.com > viewer» postView « -0.3
'AlH| 2|0t 40= S5 "3l 08
-0.7

2020.6.24. - £ S04 D20j = __h
£ 4SO 5 0|4 D2 WS AR 0loR X|Sotn fur

2
EfE Ol FAF0| BliA| 2 SEHHS SiH &

.
L oL E 7| MiEe R M

CHMRQ| Tripole Tl 1| -01Y TRA2LE NNYE HSHE| 2ATO|
QELN|OF IFKOIN T—H— 1|9l MEPNE REOIH SNH|2]
Of Mofo] MUY A W N2 N FYS OHS K= o
=l

S ma FAPEC CLTMATE CENTER

-36-



62 (22.8°C, 1)) TE(22.7°C, 44%)) 88 (26.6°C, 62l)

27
7]

=
(°C) 24

21 @
- HERC =S
miae s @
18
6.1. 6.11. 6.21 7.1. 7.11. 7.21. 8.1. 8.11. 8.21.
00 150
6H(184.6mm, 157]) TE(420.7m, 6%)) SE(401.6mm, 6F()
400 | - 120
o BOH U3 PoR
a 686, 9mm(2H) o
00 | - %0
o 4
2 &
o o
200 | &0
{mm) (ma)
100 | Y "N _
20200 =8 27
o 0 nﬁﬂi»llm bl
&1 BN 621 71 M. & B &n. 8. R TP (4
o APEC CLIMAT by -

73 9= dolel olY &2
ENgY-CHMY-21= 7|F HE2| RIS

=2

ol f

3 0|EH NAO SE =
T X

- L%

1222 32 42 52 62 72 pE )

oo

ni

A psol gt

- 20-30419] F7|2 ek SN B4 SEAMO)ZH O e AIZ FRE Hets
N LMY EY 7SS0l 4BEgS THE
- 7Y 22l AMO AEfOID|, BB CINY-AEY 7| HSC| 43 3H8F LBsto]

23 EH 7|5H Fotet o| Y 22 fE SIS, TER

-37-



Global SAT

14.7 ] Trend since 1950: 0.12 (°C/decade) -
144 - jrone -
2 ] L 7| =R EPA
] | o
g 14.1 ] . T O - HA
0.8 - --1971~2000
13.5 — I i r e 1981 ~2010
| 1960 1980 2000 2020 - 1 991 ~2020
_EastAsia SAT
11.7 1 Trend since 1950: 0.07 (°C/decade) —
11.4 — -
O 111 —
o — .
£ 10.8 - -
s ] E
10.5 —| .
10.2 — L
A T ' i ]
1960 1980 2000 2020 WMO climate normal

Korea SAT
- Trend since 1950: 0.07 (°C/decade)

13.0

12.5 o

Temp[°C]

It is a temporal average

The average is unweighted

The averaging period is 30 consecutive years
It is a causal filter

It is updated once per decade.
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