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ABSTRACT

This study aims to develop a method of defining extreme events in order to apply
for subseasonal forecast. The subseasonal forecast targeting 15-60 days in advance
has received much attention to bridge the gap between short-range forecast and
long-range forecast. Furthermore, it is vital to monitor and predict extreme events
occurring globally and more frequently than before, so that we can promptly cope

with disaster caused by extreme events such as heatwaves, cold surges, and floods.

After conducting various sensitivity tests on percentile—based criteria, periods of
climatology, we developed Extreme Index which can be used for subseasonal
forecast of extreme events. The Index takes frequency, magnitude, and extent of
extreme events into account for easy application regardless of area and climate
feature of domain of interest. We showed that the increase in warm extreme and
decrease in cold extreme over the globe are well represented by the Extreme Index.
Also, the recent increase in heavy rainfall over the East Asia is well detected by

the Extreme Index.

On the basis of Extreme Index, in particular, the cold extreme from week 1 through
week 6 over the Central Asia tends to increase despite the global warming trend.
We investigated extreme events such as heatwaves, cold surges, heavy rainfall
related to Typhoon and Changma in South Korea by using Extreme Event. We further
examined subseasonal prediction skill of European Centre for Medium-Range
Weather Forecasts (ECMWF) for 2016 heatwave case in South Korea based on
Extreme Index.



Since the Extreme Index is designed to focus on extreme events regarding
subseasonal time range, it has some limitations in representing day-to—day change
of the extreme events. However, the extreme events which persist for several days

can be identified and predicted by the Extreme Index.
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Table 1. Definitions for climate extreme.

£ ot 7159 Ho|
Rare events within the statistical REFERENCES distribution of particular
IPCC weather elements: definitions of “rare” vary, but an extreme weather event

would normally be as rare or rarer than the 10" or 90" percentile

Extreme value theory complements the descriptive indices in order to evaluate

WMVO the intensity and frequency of rare events that lie far in the tails of the
probability distribution of weather variables, say event that occur once in 20
years

o T A 4= 220U ZM7I2 RX1day, RX2day, RX3day, RX4dayse| 24 &
e cc Z[ChHz 2 |:|| "L..”

o x| 7122 1.830% HOKIS Wt SEHIR S 351 X200, 2 H 2RI TR (G0
g SOt 2tist 2, 2AZIS HORE IV =0t 24

7 T Z7[22| 1, 3 percentile, Z17122| 97, 99 percentile, 252 1, 3, 97, 99
Toee percentile Ol SHSiBHLE 210 &3 e DEKY 0 23t 7|59

DA JIMH 20-80 percentile2 H0{ X8 Ssto= Hofst

Climate Extreme Index (CEl): an index for the United States that is composed
of percent area with extremes in maximum and minimum temperature, the

Palmer Drought Severity Index, extreme precipitation , and the number of days
with precipitation

A two standard deviation thresholds or annual counts of days above 90"
percentile and days below the 10" percentile

Karl et al. (1996)

Jones et al. (1996)

Since climate extremes can be defined as large area experiencing unusual
Eastering et al. | climate values over longer periods of time, one way to investigate trends in

(2000) climate extreme over time is to develop indices that combine the number of
these types of measure

Indices of abnormal climate conditions were defined as areas of Canada for
1980-1998, or southern Canada for 1900-1998, with temperature or
precipitation anomalies above the 66% or below the 34" percentiles in their
relevant time series.

Zhang et al. (2010)
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Table 2. List of the 27 core ETCCDI (Brown et al. 2010).

1. M2, 3

D Indicator name Definitions Units
su2s Summer days Annual count when TX (daily maximum) > 25°C Days
1DO Ice days Annual count when TX (daily maximum) < 0°C Days
TR20 Tropical nights Annual count when TN (daily minimum) > 20°C Days
FDO Frost days Annual count when TN (daily minimum) < 0°C Days
TXx Max Tmax Annual maximum value of daily maximum temp °C
TXn Min Tmax Annual minimum value of daily maximum temp °C
TNx Max Tmin Annual maximum value of daily minimum temp °C
TNn Min Tmin Annual minimum value of daily minimum temp °C
TX90p Warm days Percentage of days when TX > 90th percentile %
TX10p Cool days Percentage of days when TX < 10th percentile %
TN10p Cool nights Percentage of days when TN < 10th percentile %
TN9Op Warm nights Percentage of days when TN = 90th percentile Y%
GSL Growing season length Annual (1 Jan-31 Dec in NH) count between first span of at  Days

least 6 days with TG = 5°C and first span after 1 July
of 6 days with TG < 5°C
DTR Diurnal temperature range Annual mean difference between TX and TN °C
WSDI Warm spell duration indicator Annual count of days with at lcast 6 consecutive days when Days
TX = 90th percentile
CSDI Cold spell duration indicator Annual count of days with at least 6 consecutive days when Days
TN < 10th percentile
RX1day Max 1-day precipitation amount Annual maximum 1-day precipitation mm
RX5day Max 5-day precipitation amount Annual maximum consecutive 5-day precipitation mm
SDII Simple daily intensity index Annual total precipitation divided by the number of wet mm day
days (defined as PRCP >= 1.0 mm) in the year
R10 Number of heavy precipitation days Annual count of days when PRCP == 10 mm Days
R20 Number of very heavy precipitation days  Annual count of days when PRCP == 20 mm Days
R25 Number of days above 25 mm Annual count of days when PRCP = 25 mm, 25 is Days
user-defined threshold
CDD Consecutive dry days Maximum number of consccutive days with RR < 1 mm Days
CWD Consecutive wet days Maximum number of consecutive days with RR = 1 mm Days
R95p Very wet days Annual total PRCP when RR = 95th percentile mm
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Table 3. Description of data used in this study.

Name Variables Temporal Coverage Spatial Coverage

2 meter temperature,

Maximum temperature, | Daily 1979/01/01 to 0.75~degree latitude x

ERA Interim Mini 0.75 — degree longitude
inimum temperature, | present fid (480x241)
850 hPa zonal wind 9 '
CPC Global 050 - d it
Unified . .50 - degree latitude x
Gauge—Based | Daily total precipitation Daily 1t9 79/01/01 to 0.50 - degree longitude
Analysis of Daily presen grid (720x360).
Precipitation
KMA Daily mean precipitation | Daily 1979/01/01 to

Observation | and surface air temperature | 2015/12/31 45 stations in South Korea

o4} 7150] AE ANETNsA S HAESET] 98, $EZ]NHATE ECMWE)]
AR AZ42E AESVitart et al. 2016). B 3 W A HPEE
Tco639/319 191014, i AR, Hadlo] F¥ 4620] that 51749 P4 o=z
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Figure 1. (Top) Spatial distribution of trends (week/decade) and (bottom) annual time series anomalies
relative to 1981-2016 mean values for annual series of percentile temperature indices for
warm weeks and cold weeks. For the spatial distribution, only values exceeding the 90 %
confidence level are shown.



8 1 15-60Y OEfXIS 35t 7|5 Tt U 0% 7k ey

5—nr. 0 HA o n- o_n nﬂ”” LIHHH

TR | WY

5 T T T T T T T T S5 T T T T I — T T
1981 1985 1989 1993 1997 2001 2005 2009 2013 1981 1985 1989 1993 1997 2001 2005 2009 2013

SON DJF

10 10
5 5
0 i} o H o nl'l ﬂ ” 0 |-,|I:I o o ﬂﬂl—\l 0 I-Iu o,
i Heep 1
.\. \ NH
-5 I | T T T T T T T -5 T I I T T T I T T
1981 1985 1989 1993 1997 2001 2005 2009 2013 1981 1985 1989 1993 1997 2001 2005 2009 2013

[N N ——
5 4 3 -2 -1 0 1 2 3 4 5

Figure 2. Same as Figure 1 but for the seasonal occurrence of warm extreme weeks for March-May
(MAM), June-August (JJA), September-November (SON), and December-February (DJF). For
the spatial distribution, only values exceeding the 90% confidence level are shown.
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Figure 3. Same as Figure 1 but for the seasonal occurrence of cold extreme weeks for March-May
(MAM), June-August (JJA), September-November (SON), and December-February (DJF). For
the spatial distribution, only values exceeding the 90% confidence level are shown.
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Figure 4. (Top) Interannual variability and (bottom) trend of the total number of extreme warm weeks
occurred in global land and the percentage of grid point where extreme warm occurs relative
to global grid point for each week.
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Figure 5. Same as Figure 4 but for extreme cold weeks.

1800 2013
2011
1600 2009
2007
00 2005
2003
1200
2001
1000 § 1999
R
1997
800 1995
1993
600 1991
1989
400
1987
200 1985
1983
1981
1 5 9 13 17 21 25 29 33 37 41 45 49 1 5 9 13 17 21 25 29 33 37 41 45 49
Week Week
Global TsrendNof %ZIgEExtreme# Trend of Cold Extreme area %
obal [60S-90N,0-360E] ® Land Global [60S-90N,0-360E]
0.8
T 0.4
0.0
R . o° 0.4 "‘.’-'o.-.....u,...,-.,.....,...,.*" o
° O oo o0 ° .
® Coe,  e%00 ."c oo Q 0.8 -
T T T T T T T T T T T T T T T T T T T T T T T T T T
1 5 9 13 17 21 25 29 33 37 41 45 49 1 5 9 13 17 21 25 29 33 37 41 45 49

10



3. A2 Ol 7129 £ & X Ol

32 Oy 712 Hejo mE mE

7138l RIEAA ol 7|F = SAK LR omt UAIRES Zutste] sk &
A e 54 AaoMe EAY B4 EEANA A9 TASHA| = FACE Aottt
(Klein et al 2009; Abatan et al 2016). TetA o}4}f 719+= ARSAY] H&3t XY
ool et 2] B9E & o, dvkdo g #EolE Aol= gk AA AW o
A9 o} 719= EHARI )7} o] FojX|A] k2 ARoIAINE, St 714FS BIRTt
of2] o& 7|HolA FE Bt S ARE HIFOE Mg oY 7|F dIS RS
AlEskaL QU o] AollA= ol 715 Aol AME= AARE A B 719k /g0l
U2 e HAES B9 ol 715 Ao St A ZAE AAlskaL, Yozt Ad

ol 715 elEo] A 15 ol 7% N5E AustuA stk

-4 g 2o|1 = WiES] 7|8t o} 715 A5=9] Aol ARSEE AARLel TE

T WY WIFEE A ESITh Figure 6 AT 18 ARG |49 7 A%t
oA AxtE FEF 250 A/ 5 %, 10 %, 15 %, 20 %2 Z23dh= E9] & 49
H1&-2 AIAIGE YeRd Aotk 7 AAIZ ol W o)A} 7] waje] Wshe Ay 37

Zpol= QA W5t P wie- FARE A £ S Qlrt. 2 dEflsol 2 3719
Zpol7h v 2 AARES 2Iote F TSX|9 Zad 7I0gh AAE FRlsk] el
7+ A ALY BE HAE o] Aqfslste] A E e tHFigure 6 shdh). ek AlAl
S HH, ZF MR W o] 7]29] WA WPt A9 FUstE AS ¥+

r°"



14 15-60Y ORI 35t 7|5 Ttk L O 71 7t

05% ©10% ®15% ©20%

3 ©95% ©90% @ 85% 880% | °
0 T T T T T T T T 0 T T T T T T T T
1981 1985 1989 1993 1997 2001 2005 2009 2013 1981 1985 1989 1993 1997 2001 2005 2009 2013
4.0 4.0
I. 95% ® 90% ® 85% @ 80% 05% ©10% ©15% ©®20%
3.0 3.0
2.0 20 —
1.0 1.0 /\‘ /\
0.0 0.0 QAV "‘\‘ A
-1.0 1.0 W
2.0 T T T T T T T T -2.0 T T T T T T T T
1981 1985 1989 1993 1997 2001 2005 2009 2013 1981 1985 1989 1993 1997 2001 2005 2009 2013

Figure 6. (Top) Percent of total number of weeks exceeding threshold of weekly mean temperature
calculated in each global grid and (bottom) standardized anomalies of the time series in the

top panel.

AW ol 7% Hololl AHE BsE Hoh] Hlof, 2= W] WE ol 7%
WOl TiZtEE AT QLT Figure 72 Y4B, YA, I 2=9] F B 257}
7} 105 Hlet ot 90 MIEF LS Z}ohe o] 18-S disha Vel 0=, ol 3
2o we Z7she 2412 Holy oA o] ML PASIE FAS Haltk 2 W
Zrofl mE ol 715 ubge] s Ae] BUsHA Uehts g B 4 9k agos

-~ _

AR AT, 2 wapol] iRt oV 715 A2 g B E]F A2 B LE

25 25
®T2M @ TMIN® TMAX
21 21 -
17 4 17
13 13
9 - 9
®T2M @ TMIN® TMAX
5 T T T T T T T T 5 T T T T T T T T
1981 1985 1989 1993 1997 2001 2005 2009 2013 1981 1985 1989 1993 1997 2001 2005 2009 2013

Figure 7. Percent of total number of weeks above the 90" and below the 10" percentiles of daily mean,
minimum and maximum temperature calculated in whole global land.
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Figure 8. Standardized anomalies of total number of weeks (blue line) and days (red line) above the
90™ and below the 10™ percentiles of daily mean temperature calculated in whole global land.
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Figure 9. (Top) Interannual variability and (bottom) trend of warm and cold extreme index for global
land.
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Figure 10. (Top) Interannual variability and (bottom) trend of warm and cold extreme index over Asia.
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Figure 11. Spatial distributions of the trend of extreme warm intensity by 4-weeks mean over Asia.
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Figure 12. Same as Figure 11 but for the extreme cold intensity.
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Figure 13. Same as Figure 11 but for the 4-week mean temperature.
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Figure 14. (Top) Interannual variability and (bottom) trend of extreme warm and cold index over Central Asia.
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Figure 15. Same as Figure 14 but for South Asia.
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Figure 17. Observed temperature anomalies (bar) and extreme indices (contour) for week4 (left) and
week28 (right).
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Figure 18. Annual mean (black) of warm (left) and cold (right) extreme indices and 3-year running mean (red).



4. 7HELY 01 7129) XY S

=o |
43 0% 712 X2 &8

4.3.1 S AR 0l 712 K+

ol ol & TN PG o 71F A5E oiSHe] el S gl oA
2 oA WAL Eedoll Hg3te] ol T A4} BRS EASHAZ Yuny

29 ol BIRSHS FoluuA seck

Figure 19&= oE&(week23-week35) Bt oA} 112 A&
AOF T 3617t o5 ol 112 A5=9] g2 thh FTIoks FAIE ERlh o4
4= 199493 19974, 20004, 201390] &2 e = 1U% 199443t 20134
2 ZEIPAS 3 I 1, 2995 71EWE o5 AS AT = AUcKFigure 20).
20009] 79 o] HASE 3ol F A= EX i‘ilﬂ%?igure 20), PR &Ls
S 7|20 & ol ol I2AET A YEES Aolgt &
=3 4= Qlrk ¥H, 199093 1996¥9] 9= ZAEAFLS7F AT o)) 112 A

7} do} ol 1 A% EAS RS Tk

2

o(r

ol

[ IR RNRAN RPREN RN SV BN RS ST S
24 trend: 0.007051 [~

00 ™ gty et T T
1981 1985 1989 1993 1997 2001 2005 2009 2013

Figure 19. Summer (June-August) mean extreme warm indices (black) and regression (red). Dashed
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Heat Wave Days - Korea
JJA(2015.06.01 - 2015.08.31)

Number of Days

1980 1990 2000 2010

Number of Years : 43 (1973-2015)

rank(01) 1994 29.7 rank(43) 1993 0.1
rank(02) 2013 18.2 rank(42) 1980 0.8
rank(03) 1990 17.0 rank(41) 2003 1.5
rank(04) 1996 16.8 rank(40) 1998 1.9
rank(05) 1978 16.6 rank(39) 1987 2.1

year 2015: 9.7 (rank=22) normal(81-10): 9.8

Created on 2017-11-04

Data : KMA (45 Stations) Climate Extremes Analysis and Assessment Team / KMA

Figure 20. Heat wave days during summer from 1983 to 2015 (7|7 Ol 7|5 SS=2MAIAH)

Heat Wave Duration Index - Korea
JJA(2015.06.01 - 2015.08.31)

Number of Days
(2]

1980 1990 2000 2010

Number of Years : 43 (1973-2015)

rank(01) 1994 11.8 rank(43) 1993 0.0
rank(02) 2013 4.1 rank(42) 2003 0.1

rank(03) 1978 4.1 rank(41) 1976 0.3
rank(04) 1973 3.7 rank(40) 1989 0.4
rank(05) 2000 3.6 rank(39) 1974 0.5

year 2015: 1.7 (rank=20) normal(81-10): 2.0

Created on 2017-11-04

Data : KMA (45 Stations) Climate Extremes Analysis and Assessment Team / KMA

Figure 21. Consecutive heat wave duration days during summer from 1973 to 2015 (7|AH 0|4 7|1
SLSEAAAL).
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Figure 22. Composite anomalies of 500 hPa height during weeks with (left) strong extreme index, and
(right) weak extreme index.
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Correlation: EI-MSLP (JJA) Correlation: EI-Z500 (JJA)

Figure 23. Correlation between warm extreme index and MSLP, and 7500 during summer. Yellow
contour indicates significant correlation with 90 % confidence level.
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Figure 24. Winter mean cold extreme indices (black) and regression (red). Dashed line is average of
indices from 1981 to 2015.
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Cold Wave Days - Korea

DJF(2015.12.01 - 2016.02.29)

Number of Days
[+:]

2010

MNumber of Years : 16 (2001-2016)

rank(01) 2013 10.4
rank(02) 2011 10.2
rank(03) 2012 7.0
rank(04) 2006 6.9
rank(05) 2010 6.5
year 2016: 3.7 (rank=11)

Data : KMA (45 Stations)

Figure 25. Cold wave days during winter (DJF) from 2001 to 2016 (7|&H Ol 7|

Cold Wave Duration Index - Korea

DJF(2015.12.01 - 2016.02.29)

rank(16) 2007
rank(15) 2014
rank(14) 2015
rank(13) 2002
rank{12) 2008

Created on 2017-11-04

Climate Extremes Analysis and Assessment Team / KMA
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Number of Years : 43 (1973-2015)

rank(01) 1976 12.0
rank(02) 1983 9.5
rank(03) 1980 9.2
rank(04) 2012 9.0
rank(05) 1985 8.4
year 2015: 2.9 (rank=33)

Data : KMA (45 Stations)

Figure 26. Cold wave duration days during winter from 1973 to 2015 (7|A% Ol 712

rank(43) 2013
rank(42) 2006
rank(41) 1978
rank(40) 2001

rank(39) 1988
normal(81-10):

2010

Created on 2017-11-04

Climate Extremes Analysis and Assessment Team / KMA
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Figure 27. Composite anomalies of 200 hPa height during weeks with (left) strong extreme index, and
(right) weak extreme index.
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Correlation: EI-Z500 (DJF) Correlation: EI-Z200 (DJF)
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Figure 28. Lag-correlation between cold extreme index and (left) 500 hPa height, and (right) 200 hPa
height during winter. Yellow contour indicates significant correlation with 90 % confidence
level.
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Figure 29. Climatological (1981-2010) distributions of weekly accumulated precipitation over East Asia
(15-60N, 75-150E). W1~W52 indicates the week from January 1~7 (W1) through December
25~31 (W52).
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Figure 30. Standard deviation of weekly accumulated precipitation over East Asia (15-60N, 75-150E)
during 1981-2010.

P 7350 sElo] floflA AT UutAiQl 8 A i ojul gt F7bAel B
2 EA49] zo]2 yehh=x] B7] $15] 1981-20104 71% 90HAEFI(RI0p) ©14<]
B57t Uehe stk AEistel 2 A% W= e A4 2EE Figure 3100 AX

Atk oV s 2 AP 2|1 7 FER el dIe|HR 3] WY 22
k= Aol Kol AL & 4 Atk WA dEoralole] HIg| o] AL Fotor]
TR B A2 AWEY 53] FR A|oolA g A3} fARKTA o) o)
B4 Fol WIClARE Yehhs 2& € 4 Atk ol 359 o #iste 2A =4
Ag-Eol §E% ool FRolA w2 Aol R glon, dFER 45



5. Y ORY 240 XM £ 39

v ol FFe] SVHAAE vl Bk we Alor AR 2ot HHOlA
o] ol A F92 AEe TS FRAIQT s A 2 AT 2EE

B
§

Y

/i
\
e
- /
.
S e ]
A
§

Figure 31. Composite of weekly extreme (90p) precipitation over East Asia during 1981-2016 based
on 1981-2010.
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Figure 32. (Top) Spatial distribution of trends (week/decade) and (bottom) annual time series of extreme
(90p) precipitation occurrences (in week) relative to 1981-2010 mean over East Asia.
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Figure 33. Same as in Figure 32 (top), but for the seasonal occurrence of extreme precipitation weeks
for March-May (MAM), June-August (JJA), September-November (SON), and December-February
(DJF).
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Figure 34. (Left) Interannual variability of the total number of precipitation extreme weeks occurred
in East Asia and (right) the percentage of area where precipitation extreme occurs relative

to East Asia for each week.
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Figure 35. Same as in Figure 34 but for South Korea.
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Figure 36. Interannual variability of weekly precipitation extreme over (left) East Asia (75-150E, 15-60N)
and (right) South Korea (124-132E, 33-38N).
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Figure 37. Hovmoller diagram of weekly accumulated precipitation over South Korea from (left) 45
observation station from KMA and (right) CPC reanalysis.
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Figure 38. Extreme precipitation index over South Korea. Green bar indicates 1981-2016 mean and
red marker indicates the maximum for the period of 1981-2016.
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Total Precipitation - Korea
2017.12.18 - 2017.12.24

1980 1990 2000 2010

Number of Years : 45 (1973-2017)

rank(01) 2016  44.3 rank(45) 1994 0.0
rank(02) 1979 24.3 rank(44) 1998 0.0
rank(03) 1986  20.6 rank(43) 2006 0.0
rank(04) 1989 16.7 rank(42) 2010 0.0
rank(05) 2017 15.3 rank(41) 1987 0.3

year 2017: 15.3 (rank=05)  normal(81-10): 4.1

Figure 39. Rank of weekly accumulated precipitation for the 51 week from 1973 to 2017 (adopted
from KMA).
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Figure 40. Seasonal standard deviation of extreme precipitation index in South Korea.
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Figure 41. Histogram of Extreme index of precipitation in Korea. Right top is the histogram with educed
Y-Axis up to 100.
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Figure 42. Time series of yearly averaged extreme index of South Korea precipitation. Red line is 7-year
running mean.
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Figure 43. (a—d) Seasonal composite of Z500 anomalies (m) and (e-h) weekly accumulated precipitation

(mm) for week of the maximum extreme index from 1981 to 2016.
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Table 4. Tropical cyclone affected the Korean Peninsula during 1981-2010 and extreme precipitation index.

Year TC Period Index season Index value
8104 (IKE) 6/8-6/17 24 (6/11-6/17) 0
8105 (JUNE) 6/15-6/26 25 (6/18-6/24) 0.1
1981 8110 (ORFEN) 7/26-8/01 31 (7/30-8/5) 0
8118 (AGNES) 8/25-9/6 36 (9/3-9/9) 0.1
8120 (CLARA) 9/13-10/2 | 39-40 (9/24-9/30) 0.1-0.3
8210 (BESS) 7/21-8/3 31 (7/30-8/5) 0
- 8211 (CECIL) 8/4-8/15 33 (8/13-19) 0.1
8213 (ELLIS) 8/18-9/4 35 (8/27-9/2) 0
8219 (KEN) 9/15-9/27 |39 (9/24-9/30)-40 0.1
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Year TC Period Index season Index value
1983 8310 (FORREST) 9/19-9/30 39 (9/24-9/30) 0.1
8403 (ALEX) 7/1-7/6 27 (7/2-7/9) 0.3
1984 8410 (HOLLY) 8/15-8/23 34-35 (8/20-8/26) 0.3-0.6
8412 (JUNE) 8/26-9/3 36 (9/3-9/9) 0.1
8505 (HAL) 6/19-6/27 26 (6/25-7/1) 0.1
8508 (KIT) 7/31-8/17 32 (8/6-8/12) 0
1985 8509 (LEE) 8/9-8/16 33 (8/13-19) 0.1
8513 (PAT) 8/24-9/2 36-36 (8/27-9/2) 0-0.3
8520 (BRENDA) 9/30-10/8 40 (10/1-10/7) 0.8
8605 (NANCY) 6/20-6/25 26 (6/25-7/1) 0
1986 8613 (VERA) 8/13-9/2 35 (8/27-9/2) 0.1
8616 (ABBY) 9/12-9/24 38 (9/17-9/23) 0
8705 (THELMA) 7/7-7/18 28 (7/9-7/15) 0.3
1987 8708 (ALEX) 7/21-8/2 30 (7/23-7/29) 0.1
8712 (DINAH) 8/20-9/3 35 (8/27-9/2) 0.1
8906 (ELLIS) 6/20-6/25 25 (6/18-6/24) 0
1989
8911 (JUDY) 7/21-7/29 30 (7/23-7/29) 0.6
9005 (OFELIA) 6/16-6/26 26 (6/25-7/1) 0.1
9007 (ROBYN) 7/4-7/14 28 (7/9-7/15) 0.1
1990
9015 (ABE) 8/24-9/3 35 (8/27-9/2) 0
9019 (FLO) 9/12-9/22 38 (9/17-9/23) 0.1
9109 (CAITLIN) 7/21-7/30 30-31 (7/23-7/29) 0-01
9112 (GLADYS) 8/15-8/24 34 (8/20-8/26) 0.2
1991 9113 (NONAME) 8/26-8/30 36-36 (8/27-9/2) 0-02
9117 (KINNA) 9/10-9/16 37 (9/10-9/16) 0
9119 (MIREILLE) 9/13-10/1 39 (9/24-9/30) 0.3
9210 (JANIS) 8/3-8/13 32 (8/6-8/12) 0.1
1992
9219 (TED) 9/17-9/27 39 (9/24-9/30) 0.6
9305 (OFELIA) 7/24-7/29 30 (7/23-7/29) 0.2
9306 (PERCY) 7/27-8/1 30 (7/23-7/29) 0.2
1993
9307 (ROBYN) 8/1-8/14 33 (8/13-19) 08
9313 (YANCY) 8/29-9/7 36 (9/3-9/9) 0.1
9407 (WALT) 7/14-7/28 30 (7/23-7/29) 0
9411 (BRENDAN) 7/25-8/3 31 (7/30-8/5) 0.1
1994 9413 (DOUG) 8/1-8/13 32 (8/6-8/12) 0.1
9414 (ELLIE) 8/6-8/19 33 (8/13-19) 0
9429 (SETH) 10/2-10/16 | 41-42 (10/8-10/14) 04-2.0
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Year TC Period Index season Index value
9503 (FAYE) 7/16-7/25 30 (7/23-7/29) 0.1
1995 9507 (JANIS) 8/20-8/28 34 (8/20-8/26) 0.8
9514 (RYAN) 9/15-9/25 38 (9/17-9/23) 0.1
9606 (EVE) 7/13-7/27 29 (7/16-7/22) 0.1
1996
9612 (KIRK) 8/3-8/18 33 (8/13-19) 0.1
9707 (OPAL) 6/14-6/22 25-26 (6/18-6/24) 0-06
9709 (ROSIE) 7/18-7/31 30-31 (7/23-7/29) 0.1-04
1997 9711 (TINA) 7/29-8/10 32 (8/6-8/12) 04
9713 (WINNIE) 8/6-8/25 33 (8/13-19) 0
9719 (OLIWA) 9/3-9/19 37 (9/10-9/16) 0
1998 9809 (YANNI) 9/26-10/1 39-40 (10/1-10/7) 2.0-0.1
9810 (ZED) 10/10-10/20 | 42 (10/15-10/21) 0.3
9905 (NEIL) 7/22-7/28 30 (7/23-7/29) 0.3
9907 (OLGA) 7/29-8/5 31 (7/30-8/5) 2
1999 9908 (PAUL) 8/3-8/9 32 (8/6-8/12) 0
9917 (ANN) 9/14-9/20 38 (9/17-9/23) 2
9918 (BART) 9/17-9/29 39 (9/24-9/30) 0
0004 (KAITAK) 7/3-7/12 28 (7/9-7/15) 0.1
0006 (BOLAVEN) 7/24-8/2 31 (7/30-8/5) 0
2000 0010 (BILIS) 8/18-8/27 35 (8/27-9/2) 0
0012 (PRAPIROON) 8/24-9/4 35 (8/27-9/2) 0
0014 (SAOMAI) 8/31-9/19 37 (9/10-9/16) 08
2001 0111 (PABUK) 8/13-8/22 34 (8/20-8/26) 0.1
0205 (RAMMASUN) 6/28-7/18 27 (7/2-7/9) 0.1
2002 0208 (NAKRI) 7/7-7/13 28 (7/9-7/15) 0
0209 (FENGSHEN) 7/13-7/28 30 (7/23-7/29) 0
0215 (RUSA) 8/22-9/3 35 (8/27-9/2) 0.1
0304 (LINFA) 5/25-6/4 22 (5/28-6/3) 0.8
2003 0306 (SOUDELOR) 6/12-6/24 25 (6/18-6/24) 0.1
0310 (ETAV) 8/2-8/11 32 (8/6-8/12) 0.3
0314 (MAEMI) 9/4-9/16 37 (9/10-9/16) 0.2
0407 (MINDULLE) 6/21-7/5 27 (7/2-7/9) 0.3
0410 (NAMTHEUN) 7/24-8/3 31 (7/30-8/5) 0.1
2004 0415 (MEGI) 8/14-8/22 33 (8/13-19) 1.0
0416 (CHABA) 8/18-9/5 35 (8/27-9/2) 0.2
0418 (SONGDA) 8/26-9/10 36-37 (9/3-9/9) 0.1-02
2005 0514 (NABI) 8/29-9/9 36 (9/3-9/9) 08
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Year TC Period Index season Index value
0603 (EWINIAR) 6/29-7/12 28-29 (7/9-7/15) 06-2.0
2006 0610 (WUKONG) 8/12-8/21 33 (8/13-19) 0.1
0613 (SHANSHAN) 9/9-9/19 38 (9/17-9/23) 0.1
0704 (MANYI) 7/7-7/23 28 (7/9-7/15) 0.1
2007 0705 (USAGI) 7/27-8/4 31-32 (7/30-8/5) 0.2-0.3
0711 (NARI) 9/11-9/18 37-38 (9/10-9/16) 0.2-0.3
2008 0807 (KALMEGI) 7/13-7/24 29 (7/16-7/22) 0.1
1004 (DIANMU) 8/7-8/13 32-33 (8/6-8/12) 0.1-0.3
2010 1007 (KOMPASU) 8/28-9/6 35 (8/27-9/2) 0.2
1009 (MALOU) 9/1-9/10 36 (9/3-9/9) 0.1

Figure 44+= Table 42 7|02 g&2] F&Fol U2 o ol == X471 0.3 ol
= HTel ZF A% gt FAHAEE BAISE Ao=, AT saHkT OLR 184l
otk ohEHrRaEt A s YR Zlolth Figure 45+ H13-9 9°] sl o]
& A5 A57E 0.3 ol dRl A9 Fkott. BilES ARyt ot} HiEe] A7
T QS mRITh BiE DAL ol A Aol Al Rl whE bt 9l 9 5of
Alob A1) 22 HIwsHH, ol A= A7t w2 A5 SEluet | Zejds] 22

oA 70| Lojut B2 7t HAYsh= AS & 4= UthFigure 44a, 44c). ESH
IS FHOE AZFo| A7YE <& 5 W 8ol EAsk= &4
dipole 727} @40, THI=E TWasdh= 4Tt |/ 9530 A A2 & 5 At
HHH, o A= A7t B2 S tiigsol] oA, e HE o s A7|94 <8
o] 3A Wdsto] & FHE Fohe FAZIFE AT A & 4 AtKFigure 44b,
d). T3, FoMAo} BHOA EolQ+= B0l A EFERE STee 577t
o =ESly] of2lR Aol BAdE T wEbA, A WA 7RsAdo] WolA| 1L, o}
TRl HE ER o3 4 AU HoEh

HL

g3 9] ol A ATt At AR, 'iEY dFol AL ol A=Y
Be7t Bd 499t fARE iElg Hola 9o uKFigure 45), 3k £8Fd-2 A& ot

& IS HAo "iFY dFel e A7 HES HE= A3 it A shSollA

= RS
A1 <o) WA HhE, BB ol gl Aol Bejue) $ae] 3 of



FYEI A7

2 A8 g gro] AR A

ol PR the] $5718 SUAYIA Hek

(a) e

2

0.3 with Typhoon

23O QT 234

.

=

TS
///’ﬁ'!ottn---..“\““‘L v A
m.,.-‘..-..xt:].,.\““. B W
vi e qaéhy NS O F R R L
wvylArb"v»vIrAl<,J““.'o Ny
IR N R N P R R EE R SN
F T R e it T N N 2
Pr PR TS E ey,
AN} v 1 b rerrce e
PRE IR TP U IR PR O G
7] DT RO B R
tieqedbvr vy
F R L R
EEREYYY I
BN s A s ey
..,,\*....-‘1/
204 % ¢ o4 R SRR (T A
LS Y R
1NLE BE B 80 95 100 105€ 110 T15€ 120E 125€ 130E 1356 140E 145E 150E

(©) Vs

P2

0.3 with Typhoon

1719 %8ho] Wy

N EX|
=1 =0

5. AL Ol 22l X1

gy

7|19 &gho] FERFY] dipole 25

(b) | < 0.3 with Typhoon

(d) lae < 0.3 with Typhoon

1 53

2 % 9et. of

60Ny = TN NS NN A
WEE\‘<"“‘\\§\\\“ S
WW\ ~ .\ \ S ,.,.///
wms o e asN ,,_ g
SON ./I-A,,,.-_._P*-.\ gl ™
/'/'//...»,‘.&._-.\g._,‘\ _,,/ ER] ™
4N ...‘\\‘...\ 1_. .y
""“l”“\\ S
LL el AR \ //\
A -
390 :w‘--f'ki\,\'\'\\l & f,/
v a2 ALL TP tANND i 9 f//
308 .4.;If0..4.770. . l\//
-\,....4,...<Qi,‘ll 7 f“l 120
25"._..‘,,’f("‘,,.‘\& A /'»‘\k 150
KU R 0 74 P\
NN % g e 1 T NN /—"\\\
N~ -x;t"" I‘\h\\\
T T T T

Ty
R NNz P A e -\':?,‘\‘:‘}\\\ MW,
SNIT AT A AR Ny wraw .’MW SN o= ..4'/'/'/
R N S LR I DI . 4«\.....*%. \ \
T L R S R R IR Ny ‘,,m.//-A,,,.“....,;...
crrtrernavessvanay, iy aas vl o B /y/;’-.nb'lrk.—‘\\‘\‘—t‘ -—'/' rt
AN v A r T IR e a s vl kg gy gy S e KD 45N -.-.\\,.~‘\ {.-\ » g
R R N P '~ >, ,..,,‘1”_.\\\ ,-‘
!
4N+ v . - ey WA - ‘“‘"‘3/'1“"'\ \
~ < ol . 'b\\‘.bnh‘\‘ f
38N1 < vey 3N :a;--'1¢~\.\‘\'\\( e _/
« “iy Bt 5wl P L o 1 AN i 5 \//
i " Y M EEER EE RIS R RS / . /1/
. )7 =100 &-—....,.,.0!,,/1 &; (,
25N 1/7 ""m"'—**rr/,(‘""‘\& /"x\
N = * PREE R 2 /__..\\
20N WNR N g e T RN //,/-“\\\
> N h\;h""l’ —— //,/"\x\\\
1NSETBOE G5 G0 G 100E 105 1106 T1SE 120E 129 1306 135E 140F 14GE 150E 'SE BOE 85 OOF 95 100E 10SE 110E 115 120E 125€ 130 135€ 140E 145E 15
30 10

Figure 44. Composite maps of extreme precipitation weeks with Typhoon. Extreme Index (a)(c) over
0.3 and (b)(d) below 0.3. Shading indicates (a)(b) OLR and (c)(d) precipitation and the vector
is 850 hPa wind.
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2 0.3 without Typhoon
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Figure 45, Composite maps of extreme precipitation weeks (index over 0.3) without Typhoon. Shading
indicates (a) OLR and (b) precipitation and the vector is 850 hPa wind.
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Extreme Index (prcp)
weekly data based [KR:35-40N,125-130E]
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Figure 46. Extreme precipitation index in South Korea (x-axis: week, y-axis: year). Week of Changma
onset (blue circle) and week of Changma withdrawal (brown circle).
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Figure 47. Extreme index averaged over the period of Changma. References line indicates the total
mean of extreme precipitation index during Changma period.
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Figure 48. Precipitation amount and rainy days during Changma.
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Korea (45stn)
Mean Temperature
(01Augl018 ~ 31Augl0186)

Korea
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Figure 49. Time series of mean temperature averaged over 45 stations in South Korea (Adopted from

KMA).
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Figure 50. Time series of 2016 extreme index in South Korea.
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El forecast (ECMWF)

Korea 2019 1 : 1 2016
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Figure 51. Extreme index forecast for August 2016 from lead week 1 to lead week 4.
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El forecast (ECMWF)

Korea 2016 2016
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Figure 52. Extreme index forecast for hot week (Aug 16-24) and cold week (Aug 25-31) from lead
week 1 to lead week 4.
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Figure 53. Weekly anomalies of 2m temperature from lead week 1 to lead week 4. Value averaged

(b) week1 Cold avg =-1.16
45N
40N -
AN T T T T T T T T T T
1208 1256 1308 135€
(d) week2 Cold avg =0.06
45N
40N -
: ?f
3N Py
120E 125E 130E 135€
(f) week3 Cold avg =0.30
45N
o
: ‘ff
= ————
120E 125€ 130E 135E
(h) week4 Cold avg =0.29
45N
o o
E f
0N T T
120E 125E 130E 135E

over South Korea is given right top corner.

Ea)
7]
L]
1z
1]

(]
23
08
09
a2
T

18

21

Eal
18
8
1z
1]

o3
€3
08
09

12
a8
a8

2.4

21
s
15
12
o
08
03
23
Rl
09
12
a8
A
21

21
.
15
12
s
o8
o3
23
o6
09

T
T
21



7. 48

N

7. BE

15~60€°] A AEY AZEfEe] digt = AddS] vy 9= dHA
ATt Aol Sk, @71 | F71 AEe} AE & F7|GE Al oA fl=
o=l diet 87 Sk, ARV A 27] tieS Rt AEY i 5
8740l FxEUA ol Higt B2 A&H o= AiEIL Q. 53] A AlAH o=
=<t 71715 @] B RidsHA A wet o]= QIt 71AIshE Abde] ot

S13 AFH9l AL ulRis] 9% Fe 71F % PR Faie] FHET Yk
weba] £ ATOAE 15-602 o oo A ol 715 JEE Aokt 7
2 o 715 A48 B2 Fobilol MelHe] ol 71 WEe) AgH S
Avimgron], QMIE 7|23} 4o Hgste] A40] B8 TN ANSIA stec

2 7180w 7% 57 A% Holiv), 80drhe] A thul 102 vigkel ofo]
SPYSIARE 2 302 o9l AR Sfse] WS X & Uk oY 1L
WAe] G- ENSO Wik WA Ahe 7hAe, AUkt B3R shel o4 3.2
o] F3lo] Z71ae SIS AT-LUsE WHel uet ol gAL AL A
Mo PAFhe 24 HolAH, AR A9, AR AL THA F7F A4S Uet
Wich E3] B8 A FYobilolols

oX,
H
i
2
oH
ol
=
20,
o,
e
re,
-
=
X
rr
o
o3
N
P
ox
i L
%
)
r
S,
Y
o,
X
)
=)
N,



o
g=

A

A}

AALS] FE= ol g3

024 %

T
=

kel

]

e
St 7

A

=
oF LT 1y

% 7]

=

=

I of
Fct. E
=

=1
=

=

°

f

C|

I
=
=

X

I
A

b
2

[

a5
=

1 15-602 ORI

71zl v 7R3
29 99 v B

3l A A

_04

o})

o142 o]4f 7]

=

G
o

H

!

B8r

ol ofAjo} ]

7]&of| -85

, 11 A3 A

vA
__o_l

A]

Sl

w

(s

N

ol
Fol mEi Aow Uehieh. ot

=

s

AE Bl o] eol
HAL, ol elEolAe] 28 7t

of sl

T
==,
T

o

St

S

CE
ol
=

T2 Al

g tha

e )%

o=

M 1ol 49) 28 s
o] 5§

SEA

Xe)

—_L

=

tod
V715 Aeee ABU AR 28<

]_

2 Q3]

10

[e)

740 749 71emrt ojxel B4 B wish} o Tharsio] £ Aol Aok

hto]
Al

3k

o]

o

o
ﬁo

{

0

94

7

2 ol

=

T

=¥t
Ueht

o
o

o xJo} c

o

=y

3 37k A%

Ht Selete] 49

=]

=
=

1o}

X

|l

=
T

ol 7%e] WASIHE )
o Adz 78

F7t

o
IiT

[e]

T

£

7} 20004} ©]
13 2] Hof| 7}

Q

s

ol opAlo}

Al 242 4] 4

=

(75°-150°E, 15°-60°N)<

o



A% 1AL o)} A 9] Ak 5ol ForoF E Jit BioflA] A-sHA HH | o]
Uehhs S & 4 Utk ol 59 d@ete] A9 AERE FESIRE o 2 54zt
(2012~2016) 7F&-ol& Aol WAL A3t ol A5, 20119 oiF ¥ 712, 1988
4 1989 A&, 1997 Aol A&A o2 WS ol 5= A 50| BT HA =
o] Qo g o] WAYsh= AAFEC] A=Ak

P o4 715 A4S Hlko R kK| ole] MAsks o) 440 54S BAlst
29 7% Qo] BaAe Lobrgitt B Aol pLE ol 7% ASE ¥eA

EE3} oA} 73 2] AHAS FABIITE 1981 E 2010W0f 2HA3sH SH:
o JL = BEL 7120 ] Jo| f/5%0) wet ol P4 Ae] Bt
0.3 o|Al/n|uko & TLEsle] 7kt TS AR Azl B ubyo] o Hol Hulksi]

Selet ol 359 st 2 A Belw of 229 hREFol HokT ol oI
PSE AV DY 4T BBOE FESE WY S o) 9Ee] 53]
7 e R S| ol B4 W] $2A0R M8 JO2 et of

o, €= oJae) /50 wet BE X744 A8Eole] gl ols) Pl FHos
wpashs A719M 4e] 271 9 917} Ash/orstEle Zlo] Aold.ow ekt of
23, %] g0l YA o4k B4 0|0 XA 3k A9 Foxlo} Brojxe] 7
3 4349 A7 GRS MAE Aow Uehgth = A7 48] ofFt dEo|
T =R 0] 7 BEo O PR ARE kot 45717k W] ojele 4
Foz olojx= ATE B

U} A5 30%E Aok F8 A5EAIRI Aute] B8 ol 7% ATt

=93] Ao} 71710 2 ghe Bol A ohrk. o]t Ak BopAlol Ea Alxde)



1 15-602 ORI =gt 7|= ME H 0 71 i

AR2A 1 g 2ol PPl uet ol 7|k elelrle] RAL] el
202 ARFICL Tt & Aol A ol 71 Ae] A9 Yotel AY WEHS

i)

Yetl= 22 A5 An7|7toll i A3 ol 715 A|52te] AeiAl7t
Froju]siet.
£o2 B AoA /st X5 20164 8¥o] HAYSto] A=H oz FAISH HsiE
of7Iet FHA ol &8st AFY S 7HsdE BIAE SiEITE oJAY] HEHEG
£ Bt 7]20] 8¢ 195 H 25U7HA] A&EH7} 26¢ o|F H4 olste] Het72o
2 "ojRHA E<¢o] F439] TRE]E ECMWES] AU dEAt=E &85 1996
2015d9] hindcastE HFO 2 A9 10TAERY o9 7h& ZAsHict ol¥
74] A 712852 20169 forecasto]l &850 20169 8€Y F2u=tof WS =
o] AdY dl5/dS AHEJTE 1 A3 FY A71R] 8¥ 16-249 E¢do] S=H 8¥
25-3199] 274 dJ&fA ol 715 A AUE Z717F ZFAIZIC] B A HER
O gESAYATE 35 HAREE ZHo] FrH Al7]of 23]8 ol 7|5 X4~ gho] =Y
Al71Ee B & Fo=E UEHH 2% S sHEEE AuE 4 33 9 45
A dSoA FHo] FrE Al7]YolE E75kL o] EHT &2 7]20] 5
T UM o]} 7159 S5 BB f8l 5 T B2 ARl

Q3t 7oz Holth

of
é

o O



REFERENCES |

REFERENCES

Abatan, A. A, B. J. Abiodun, K. A. Lawal, and W. J. Gutowski, 2016: Trends in extreme
temperature over Nigeria from percentile-based threshold indices. Int. J. Climatol., 36,
2527-2540, doi:https://doi.org/10.1002/joc.4510.

Bell, G.D., Halpert, M.S., Schnell, R.C., Higgins, R.W., Lawrimore, J., Kousky, V.E., Tinker,
R., Thiaw, W., Chelliah, M. and Artusa, A., 2000. Climate assessment for 1999. Bulletin
of the American Meteorological Society, 81(6), pp.S1-S50.

Charney, J.G., and A. Eliassen, 1964 On the growth of the hurricane depression. Journal
of Atrmospheric Sciences, 21(3), 68-75.

Choi, Y., 2004, Trends on Temperature and Precipitation Extreme Events in Korea, J. of
Korean Geographycal Soc., 39(b), 711-721.

Cohen, J. L, J. C. Furtado, M. A. Barlow, V. A. Alexeev, and J. E. Cherry, 2012: Asymmetric
seasonal temperature trends. Geophys. Aes. Lett., 39, L4706, doi:10.1029/2011GL0S0582.

Ghil, M., and R. Vautard, 1991: Interdecadal oscillations and the warming trend in global
temperature time series. Nature, 350, 324-327.

Herring, S. C., M. P. Hoerling, T. C. Peterson, and P. A. Stott, Eds., 2014: Explaining Extreme
Events of 2013 from a Climate Perspective. Bull. Amer. Meteorol. Soc., 95 (9), S1-S9%.

IPCC, 2013: Summary for Policy Makers (SPM) Climate Change, The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, T. F. Stockeret al. (Eds.), Cambridge
University Press, Cambridge and New York, 1-30.

Jones, P. D., 1994: Recent warming in global temperature series. Geophys. Res. Lett, 21,
1149-1152.

Karl, T. R. and D. R. Easterling, 1999: Climate extremes: Selected review and future research
directions. Clim. Change, 42, 309ngean

Klein Tank, A. M. G., F. W. Zwiers, and X. Zhang, 2009: Guidelines on analysis of extremes
in a changing climate in support of informed decisions for adaptation. Climate data
and monitoring WCDMP-No. 72, WMO-TD No. 1500, 56pp.

Lee, W.-S. and M.-I. Lee, 2016: Interannual variability of heat waves in South Korea and
their connection with large-scale atmospheric circulation patterns. /nt. J. Climatol., 36,
4815-4830.

Lelieveld, J., Proestos, Y., Hadjinicolaou, P., Tanarhte, M., Tyrlis, E. and Zittis, G., 2016.



1 15-602 ORI =gt 7|= ME H 0 71 i

Strongly increasing heat extremes in the Middle East and North Africa (MENA) in the
21st century. Climatic Change, 137(1-2), pp.245-260.

Matsueda, M. and Nakazawa, T., 2015. Early warning products for severe weather events
derived from operational mediumrange ensemble forecasts. Meteorological
Applications, 22(2), pp.213-222.

McCormick, M. P., L. W. Thomason, and C. H. Trepte, 1995: Atmospheric effects of the
Mt Pinatubo eruption. Nature, 373, 399-404.

Moon, J. Y., Choi, Y., Kwon, Y.-A., Choi, Y., and Park, |.-H., 2014, A study on characteristics
of summer rainfall over South Korea in recent 5 years, Climate Research, X4),
269-282.

Park, T.-W., C.-H. Ho, J.-H. Jeong, J.-W. Heo, and Y. Deng, 2015: A new dynamical index
for classification of cold surge types over East Asia, Climate Dyn. 45, 2469-2484.

Qian, C., Z Yan, Z. Wu, C. Fu, and K. Tu, 2010: Trends in temperature extremes in
association with weather-intraseasonal fluctuations in eastern China. Aav. Atmos. Sci,
28, 297-309.

Robock, A., 2000: Volcanic eruptions and climate. Rev. Geophys., 38, 191-219.

Sillmann, J., Kharin, V.V., Zhang, X., Zwiers, F.W. and Bronaugh, D., 2013. Climate extremes
indices in the CMIP5 multimodel ensemble: Part 1. Model evaluation in the present
climate. Journal of Geophysical Research: Atrmospheres, 118(4), pp.1716-1733.

Takaya, K., and H. Nakamura, 2005: Mechanisms of intraseasonal amplification of the cold
Siberian high, J Atmos. Sci, 62, 4423-4440.

Wen, Q. H., X. Zhang, Y. Xu, and B. Wang, 2013: Detecting human influence on extreme
temperatures in China. Geoohys. Res. Lett, 40, 1171-1176, doi:10.1002/grl.50285.

Westra, S., L. V. Alexander, and F. W. Zwiers, 2013, Global increasing trends in annual
maximum daily precipitation. J. Climate, 26, 3904-3918.

Xu, X., Y. Du, J. Tang, and Y. Wang, 2011: Variations of temperature and precipitation
extremes in recent two decades over China. Atmos. Res., 101, 143-154.

You, Q., and Coauthors, 2010: Changes in daily climate extremes in China and their
connection to the large scale atmospheric circulation during 1961-2003. Climate Dyn.,
36, 2399-2417.

Zhang, X., Alexander, L., Hegerl, G.C., Jones, P., Tank, AK., Peterson, T.C., Trewin, B. and
Zwiers, FW., 2011: Indices for monitoring changes in extremes based on daily



REFERENCES |

temperature and precipitation data. Wikey Interdisciplinary Reviews. Climate Change,
2(6), pp.851-870.

Zhou, B., Wen, QH., Xu, Y., Song, L. and Zhang, X., 2014. Projected changes in temperature
and precipitation extremes in China by the CMIP5 multimodel ensembles. Journal of
Climate, 27(17), pp.6591-6611.



(HFXH]

HE A 2018-09

15-602 OHEHX|H =et 7|2 ZH H S JIs HE

I S B N 979-11-5698-241-8
£ st 20194 34
S8 o WY
@ 8 X APEC/ISAIE
A ST TR 12

HIZ-ols ARabA

o] Bixx= APEC7|FANEl o)A (http://www.apcc2l.org/)eA o183t & AFUTE
3 BuAo] A9 W82 EAE WASHE AREA A8 & syt &, 72 A4 E



