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Executive Summary

The objective of this report is to develop a monitoring and attribution method of
extreme climate events. Each monitoring and attribution method developed in this study are
summarized as followings:

The 90™ and 10™ percentile valued of the past 30 years (1981-2010) of global reanalysis
data are calculated to monitor in semi real time the extreme climate on the globe. Using
this percentile as a criterion for occurrence of extreme climate events on the globe and the
East Asian region, frequency (occurrence days) and intensity indices for extremely high
temperature, low temperature and rainfall are counted for every weeks and months. Also,
monthly characteristics of spatial distribution of frequency and intensity indices on the globe
are analyzed. both frequency and intensity indices for extremely hot days are more higher
than of extremely cold days. Using average and standard deviation during past 30 vyears,
climatology and interaanual variability are calculated. Climatology of frequency index shows
different characteristics for each month. On the other hand, interannual variability of
frequency indices shows regional difference. For intensity index, both climatology and
interannual variability are different monthly distribution. Using hot, cold, wet and dry extreme
events, global extreme climate map is produced. Also, an automation system for web service
provides semi real-time monitoring information on the globe and the East Asian region.

Warm Spell Duration Index(WSDI) and Cold Spell Duration Index(CSDI), which are indexes
developed by the WMO(World Meteorological Organization)’ s ETCCDI(Expert Team on
Climate Change Detection and Indices), were used to produce and in order to quantitatively
monitor the number of consecutive days of abnormal temperatures. WSDI was calculated as
the sum of the number of days for which the maximum daily temperature(Tmax) is higher
than Tmax 90" percentile lasts six consecutive days or more. CSDI was calculated as the sum
of the number of days for which the minimum daily temperature(Tmin) is lower than Tmin
10" percentile and lasts six consecutive days or more. Here, the Tmax 90" and Tmin 10
percentiles have a 5-day windows for each day of 1981-2010. We will provide timely
information on the occurrence of abnormal temperature by producing region WSDI/CSDI
monitoring information. Monthly average values for days above the Tmax 90™
percentile(Tmax_avg_90th) and Monthly average values for days above the Tmin 10
percentile(Tmin_avg_10th) were used for the analysis of return periods of abnormal
temperatures. Monthly return periods information of abnormal temperature can be used for
regional disaster impact analysis.

Monthly, seasonal, and annual consecutive dry days (CDD) are produced based on global
Climate Prediction Center (CPC) precipitation data. Droughts in March and May tend to



decrease over time in East Asia, and droughts in November and DJF
(December-January-February) have an upward trend in South Korea based on the
Mann-Kendall test. More recently, serious droughts were observed in the summer of 2018,
winter of 2018-2019, and spring of 2019 based on CDD. High resolution daily temperature is
estimated from remote sensing data using a data-driven model. High resolution climate
extreme indices of the SU (Summer days), TR (Tropical nights), TXx (Warmest daily TX), and
DTR (Daily Temperature Range) are estimated and show closer values to observations with a
better spatial representation compared to reanalysis data. Global and South Korean heatwave
events are monitored using the HWMId (Heat Wave Magnitude Index daily) and recent events
of 2018 Europe and East Asia as well as 2019 southern Alaska are successfully detected. The
percent of land area experienced heatwave has increased in East Asia, South Asia and South
Korea during 1981-2010. The most obtrusive events in South Korea occurred in 1994, 2016,
and 2018.

For operational drought monitoring, the latest generalized complementary relationship
(GCR) was used to estimate terrestrial evapotanspiration (ET,). The GCR enabled to quantify
ET, and evaporative demand under wet environment (ET,) with routine meteorological data
alone. It was confirmed that the GCR ET, estimates can acceptably reproduce long-term
mean values of interpolated latent heat flux observations. The ET, and ET, estimates from
GCR were input to the standardized precipitation-evapotranspiration index (SPED) and the
standardized evapotranspiration deficit index (SEDI. To track agricultural droughts, the
timescales of the two drought indices were adjusted toward maximizing their Pearson
correlation coefficients to remote-sensing-based soil moisture data. The results showed that
the SPEI and SEDI timescales were diverse and presumably related to climate classification by
aridity levels. This highlights that the use of a fixed ostensible timescale for those drought
indices may not properly track surface moisture conditions affected by heterogeneity of land
surface properties. The correlation analysis of SPEI to the Gravity Recovery & Climate
Experiment (GRACE) total water storage data provided an implication that much longer
timescales were needed for SPEI to track water storage in the entire soil column than when
tracking soil moisture. The multi-timescale drought indices proposed in this report could lead
to better tracking of terrestrial moisture conditions using common meteorological data only.

In this study, the global soil moisture datasets were simulated with the Noah Land
Surface Model (LSM) in the Land Information System (LIS). The nine meteorological variables
of the Global Data Assimilation System (GDAS) near-realtime analysis was used for the
meteorological forcing. The Noah LSM soil moisture datasets were compared with a
remote-sensing based soil moisture dataset (European Space Agency Climate Change Initiatives
(ESA CCI) SM v04.4) and gridded soil moisture datasets (ERA-interim and Global Land
Evaporation Amsterdam Model (GLEAM)). In addition, we selected the five major basins
(Yangtze, Mekong, Mississippi, Murray-Darling, Amazon) for the assesment with the land
surface water budget and energy budget. The Noah LSM-based TWSA (Total Water Storage



Anomaly) and TWSC (Total Water Storage Change) were also compared with the
GRACE-based TWSA and TWSC for the five major basins. Two drought indices (soil moisture
percentile and soil moisture index, SMI) were produced and the near-real time weekly
root-zone SMIs are currently serviced through an extreme climate monitoring web-service
operated by the APEC Climate Center (APCO).

Abnormal climate monitoring uses abnormal climate monitoring indices produced using
various climate data. These indices have disadvantages that does not take into account human
responses to weather and climate change. And previous studies have limitations in that do not
take into account the language ambiguity because the heat-wave-related data is classified
using a filtering method with heat-wave-related keywords. To overcome the limitations, this
study uses text mining and machine learning techniques to build a binary classification model
considering the limitations of keyword filtering and language ambiguity. In order to build the
binary classification model, we collected social media data twitted during various past heat
wave periods and directly classified non- and heat-wave-related data And the classified data
used to build the model by using text mining (e.g., tokenization, emoji extraction, keyword
filtering, etc.) and machine learning (e.g., support vector machine, etc.) techniques. Also, we
generated monthly abnormally high temperature monitoring index with the classification model
using social media data collected from April to December, 2019. The monthly abnormally high
temperature monitoring index generated by the SVM-based binary classification model was
compared with the monthly abnormally high temperature frequency index and intensity index.
The proposed index in this study showed a similar spatial pattern to the existing indices, and
it can be used in conjunction with the existing climate data-based indices due to the
characteristics of social media data including human responses.

Although quick and accurate information for causes of extreme climate events is
required urgently, effective attribution systems have not been yet established. This study
proposes the analysis method to identify the cause of extreme climate events occurring over
the Asia-Pacific regions through utilizing the Empirical Orthogonal Function (EOF) and the
linear correlation analysis. With this method, we can roughly understand the atmospheric
wave-like pattern, which is associated with the extreme event occurrence, and its related
forcing region. In 2019, the Asia-Pacific regions including East Asia experienced the
unprecedented extremely hot summer and particularly, the extremely hot summer in the East
Asian region is caused by a multi-decadal climate change and the atmospheric wave-like
pattern crossing the Eurasian region which is possibly forced with the North Atlantic sea
surface temperature anomalies. For helping us to identify the reason of the extreme event
occurrence, we develop an El Nino-Southern Oscillation (ENSO) development index that can
approximately monitor the ENSO-related air-sea coupling intensity and produce the global
map of the ENSO impact on the regional extreme climate with the reference to the
correlation and composite analysis. Most of the Asia-Pacific regions with significant
correlations between the extremely hot days and ENSO show a non-linear relationship, while
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as for the extremely wet days, a linear relationship is dominant in most of the regions which
have significant correlation coefficients with Nino 3.4 index. The proposed method in this
study is good for the timely-analysis of understanding the reason of the extreme climate
occurrence but there is room for improvement regarding the identification of the climate
change contribution and the problem with the use of the high EOF mode.

In this study, we develope a simple but informative drought attribution methodology
which is based on EOF analysis. The methodology first finds the EOF mode (primary mode,
hereafter) that mostly resembles the spatial pattern of the drought index (SPEI1) of the
target month (.e.,, the EOF mode in which pattern correlation coefficient, PCC, is highest
as well as greater than 0.4). Second, the atmospehric/oceanic anomaly patterns of the target
month are compared to those of the primary mode in the past 30 years (1981-2010). As
such, the regions that are found in common are expected to be associated with the drought
event. This methodology was applied to the drought events in East Asia in 2019. With PCC
greater than 0.5, reliable results were obtained: For example, the drought in the
central-eastern China in May was caused by the cyclonic circulation in East Asia that is
associated with the atmospheric teleconnection in Eurasia, and that the droughts in the
western Mongolia and northeastern China in September were caused by the anti-cyclonic
circulation in East Asia that is associated with the abnormal warming in Chukchi Sea. An
attribution methodology for extreme rainfall events is also developed. This is weekly-mean
analogy analysis based on low-tropospheric circulation characteristics (.e., PCC of 850 hPa
geopotential height anomalies greater than 0.3) of the extreme rainfall events in the past
(i.e., greater than 0.7 ¢). This methodology was applied to the extreme rainfall events in East
Asia in 2019 and found that the extreme event in the northeastern China during the third
week of August was caused by northward moving of Typhoon Lekima and Krosa and that the
extreme event in the central China during the second week of September was caused by
south-eastward propagation of a cyclone from the western Mongolia.

It is concluded that the proposed monitoring and attribution methods ind this study can
be helpful to reduce damages from extreme climate events by timely providing an efficacious
strategy.
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B #EEo a, ®F Euboilgt 9 3F(root-zone) EYTEE Essential Cliamte

Variable ECVHZ WMO®| o s |74 = o ATk

(https://public.wmo.int/en/programmes/global-climate-observing-system/essential-climate-variables
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Climate and Weather Events: Interpretation and Attribution; https://eucleia.en) =2 7] 7] %
Hstel AEE A3 FrE I BAHRE AFsta o

olef o] A E dEe = 7]ZAE(Tokyo Climate Center, TCC;
https://ds.data.jma.go.jp/tcc/tcc/products/climate/index.htmbDol| A 5=, E, AHE, A8 A A F o]
71% A B, 1= NOAA(https://www.ncei.noaa.gov/news/global-climate-201809) el A4 = =7 &
B ol F ARE ATSHL AW, A AR o) REAUG AF o|47|Fe) Aww
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Trenberth and Branstator, 1992; Lyon and Dole, 1995; Trenberth and Cuillemot, 1996; Sud ef
al. 2003; Wang ef al 2014, Myoung et al, 2018).
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Figure 1. Regions for monitoring and analysis of extreme climates.
NorthernEurasia(N.Eura,25° E-190° E, 40° N-80° N), East Asia (E.Asia,
75° E-150° E, 15° N-60° N), South Asia (S.Asia, 60° E-140° E, 10° S-
35° N), North America (N.Ame, 190° E-310° E, 10° N-75° N), South
America (S.Ame, 270° E-330° E, 60° S-10° N), Australia (Aus, 110° E-
180° E, 50° S-0° N)
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Figure 2. Spatial distribution of 90™ percentile for daily maximum (high panel) and
10™ percentile for daily minimum temperature (low panel) at the first day of the
year (left panel) and last day of the year (right panel) (base period : 1981~2010).
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Figure 3. Spatial distribution of 90" percentile for daily precitpitation at the first
day of the year (left) and last day of the year (right) (base period : 1981~2010).
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Days with Tmax > 90" percentile

Figure 4. Monthly extreme climate days for daily maximum temperature above 90
percentile.
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Figure 5. Monthly extreme climate days for daily minimum temperature below 10"
percentile.
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Table 1. List of the ETCCDI climate indices and their definitions (available online at
http://etccdi.pacificclimate.org/list_27_indices.shtml)

. . Unit
ID Indicator name Definitions <
TXx Max Tmax Annual maximum value of daily maximum temp T
TXn Min Tmin Annual minimum value of daily maximum temp T
TNx Max Tmin Annual maximum value of daily minimum temp T
TNn Min Tmin Annual minimum value of daily minimum temp T
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 %
TN90p  Warm nights Percentage of days when TN>90th percentile %
SU Summer days Annual count when TX > 25C Days
D Ice days Annual count when TX < 0C Days
TR Tropical nights Annual count when TN > 20C Days
FD Frost days Annual count when TN < 0C Days
Annual (1 Jan-31 Dec in NH) count between first span
GSL Growing season length of at least 6 days with TG)5C and first span after 1 Days
July of 6 days with TGX5C
DTR Diurnal temperature range Annual mean difference between TX and TN Days
WSDI  Warm spell duration index @ﬁ;ﬁ%ﬁ%&t}l (ger%glstﬂgﬂth at least 6 consecutive days Days
CSDI Cold spell duration index %ﬁdﬁgﬁh (gerﬂifmgﬂm at least 6 consecutive days Days
Rxlday Max 1-day precipitation amount Monthly maximum 1-day precipitation mm
Rxbday Max 5-day precipitation amount ~Monthly maximum consecutive 5-day precipitation mm
CDD Consecutive dry days Maximum number of consecutive days with RR<1 mm Days
CWD Consecutive wet days Maximum number of consecutive days with RR=1 mm Days

@ ¥ WSDI ¥ CSDI A4t

WSDIst CSDI 4H4 2 $13) APCColA 2 Aoz $38ta Q& NCEPL ARMAR 5
2m Eolo] dHwr](tmax.2m)y LHA7]L(tmin.2m) AEE o] &3t} o] AFME &4
< 3EEHA e BAE FA7)2H1981-201002] EE 4 As5E &9 Y 2€ 299 ASE
2% 365 = FAAAHT. T, S Ao tisiA Tt aestr] s SAeF s gS TESl
o Land-Sea 27 ARE ol4d) % Mg vpaZA. Ld WSDIsk CSDI 4L 913
A FHAZIzE 3039 2z doll thEk 5-day windowS ZHAE] Fa € X ¥ &9 AEAAE
o] FHo] AEHE Ao w3 A7E YA Figure 12 19813@ 1€ 1€ th3F Tmaxo
A 30 717ke) 5-day window(12€ 30¥-1¥ 3YZHE 90" HAede shFsts ¢S 4
AWE FE3 Uelhd BEXTo]y Figure 25 Tminol sigsls EXx ot 7HAstaAt 3=
o] th3k WSDI ¢} CSDIE= Figures 6, 7% 7o) 365¥€ ¢ zt o] thaf ZHAds] =& Tmax 90"
HAELY EE Tmin 100 HAEHY g& 7102 A H A

=
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Figure 6. Tmax 90" percentile of the 5-day
windows for each day in the past 30 vyears
(January 1, 1981).

Baaidn i TIE b =T | et T

Figure 7. Tmin 10™ percentile of the 5-day
windows for each day in the past 30 vyears
(January 1, 1981).
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o2 AdAdY. Northern EurasiaN.Eura, 25° E-190° E, 40° N-80° N), East Asia (E.Asia,
75° E-150° E, 15° N-60° N), South Asia(S.Asia, 60° E-140° E, 10° S-35° N), North
America(N.Ame, 190° E-310° E, 10° N-75° N), South America(S.Ame, 270° E-330° E,
60° S-10° N), Australia(Aus, 110° E-180° E, 50° S-0° N). WSDI¢} CSDI+= 3fF A Y wp~7] &
Tl §A AHo| ARt ghol EAstr] Wil Y A el thafi A= NULL o= #7]d
o 42 2011 1€ 5E 20199 971 AA HIlow A Ht gl A Fel el
A5 APtk A= E A Holo] et AAE WA o] fEEE B4 AAgA fxd w
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Figure 8. Boundary of global six areas for abnormal
climate analysis.
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— Empincal distribution

---- Marmsd destribution

Trrasiddiyi

Figure 9. Probability Density Function(PDF) of
Tmax_avg 90" for Normal and Empirical distributions
over the past 30 years(1981-2010).

Figure 10. Distribution map of the Tmax_avg 90™
for January 1981(NULL for regions where there
are no days above Tmax 90" percentile)
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Figure 11. Distribution map of the Tmin_avg 10"
for January 1981(NULL for regions where there
are no days less than Tmin 10™ percentile)
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A4 271-9-AS=(CDD; Consecutive Dry Days)E €73 1 mm w9kl o] Ho) A4 o
T2 Ao ¥ H(Frich et al., 1999; Frich et al., 2002) &A7]H o2 R &E = 7hg A 2 A
Z2 2th CDDE HYd ti¥] A #e& F+ Zo] ofyet d&4FHo 2 v7t o4 %A
- A 2= 5 HYRHS AFSEZ 71 FoEde] Hd b £ YeidE gt
ARl 71748 7HE Aot AEEE FUHEQ ARE AT ol dr: AAE HAsA =
EA 712 ske] Ao oF ¥ oolygt 1 7|z o Ao REE T3] wEelth. CDD
= BE dAzte=Z A=Y o] dAFoMes €, AMEER gt 4 doly A

CDD AHAE& 98 ¢ AsAsE7r add, A AT dis] v= 7139 FAE(CPC
Climate Prediction CentenelAl A&Fgst= F= A 7dte] 855 FHI}AH
(esrl.noaa.gov/psd/data/gridded/data.cpc.globalprecip.html). CPC #A&¢] F1ts)d == 0.5X0.5°
olm 1979 1€ 1d4FH Y A57F wid AFES. vt taiAe 4570 SH7GES
(ASOS; Automated Synoptic Observing System) A 9] 4 ZFA5E 1979d 1€ 195H 7173
2} 2 7 ¥k € (data.kma.go kr/data))ol| Al =3 84t

CPC A= E ol&std A A7 thal &, AAE, A3+ CDDE 1981 7B 2019 104
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T 33-39° N, A= 1255-130° E, & 2 53 A AL sl @ 3t FA3SHAT. +
wrete] ths A= 4570 ASOS A Aol sl 4, AAE, A3t CDDE A4
st WHS =%, CPC 7]¥ke] CDD9} vl wslsth.

T, CPC ~7]®t CDD¥ %0}/\10} 2L —rﬂurﬂ‘r 1t ASOS MLls %
(Generalized Extreme Values) ¥ 7 @d(Empirical) SH&E&XE =Z3}
E 2 AANEE A AT

® A&THSYS A B4

4y

CDD2] FA| A& Huj/iH v o] Mann-Kendall H]

W A AAGH Bedl SohEAY Bade A
ZA7} M8 e gl

CPC 7Ivto &2 443 CDD& 0.5° 3id&Ee Og|== o]Fojx S&H
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Soupge) FAEAE FASAT of W, HA TS 5 T AY 5ol 08 oo FED
e TP ASolw R4 BAol BET

(W) )G = o371 FAFE ] &3 o FaL2 HA

O 2II¥=E o 72As 75 B

o] W o] AL AAH FIHGE oYV FAFE FF] AdAE LAY E ¥
Z1exrg7F 95tttk Evate ASod= 51099709 9HA 7] A4S =(AWS; Automatic Weather
System) A HoA & 7|2A8E A4kt o] BdE ARE G4A &8 F Jdoy gE

Be AgolAE 8T A/t REHDE JYARY ABALE 5 4T I o) o
] o

ToAA = AFAH] 4% HAFE 7MY L E ¥ 72A5E 75 REdS 753
H 2~E3F5 T
TP E 7]AFRE FEIFE HHE EARY S o] &3t= W(e.g., Benali et al., 2012;

Yoo et al., 2018; Zeng et al, 2015), AZTHLE9} Ao AAE o] &st= WH(eg,
Nieto et al, 2011, 18]al YA FAE o] &3l= WHH(e.g, Liu et al, 2016; Zhang et al.,
2015 To= U= F Ut o] dFdAe AEAHA FARDH A5 Ve VA stE RS



olgatel TANE U J1eARE FHIAATH, AENLES HYAFS] BAE o] G B
He Seve Aol AmHemst 4 t g0 FBRBA BAHOD §ol5)
A %, oUALAE ol g3k WHe U JleAR FHo aPHE sl gol A8t

o157] wW&olth

FARDS o83 7|EY AFE A3 EH, Benali et al. (2012)2 Moderate Resolution
Imaging Spectroradiometer (MODIS) AlAe] 3t 9 ofxt A FHLE, &8-+2Y(ulian day),
H2AITE o] &5t e 48 SARES 75, FHEE 1X1 km iEE9 Ha, HA, 3
o 7IA8E Z+7F 1.83, 1.74 % 1.33C ¢] Root Mean Square Error (RMSE) +F2o.2 F743}
ATt Yoo et al. (2018)2 Terra 2 Aqua Aol = MODIS AlAe] A3} Fde] F3ka} of
I ARHEE 15, A, A7, A5, 45, PFaspech), EFF WHH Y BxAS 9}
A &8st WFEHRE 7|ASG RS 75, d H 2 HA 2EE V5 224
2o tisA+= 1.7, 1.2C RMSE &0 2, tidvls A& diaiAe 1.1, 1.2C RMSE &2
2 FA3IAT Zeng et al. (2015% MODISS] ARXHLEES 23y, EXIE, A/fAZ,

A%, 1%, &892, AT A ket %\j'%' 2ES A 7 48 mdo)
A5 AAA A A= 2.27, 1.76C RMSE, A#e 7% 217, 1.82C RMSE, 7W&A A= 2.33,
2.14C RMSE &9 Hal, HA 255 F43A

o

@ TAE U 7eRE B
B AS FH L AAY

SPue JE2A6-89) TAFE 2 AT L HAANLEE FH5r) A mde 9y #
822 &&3l7] 93] MODIS AFHL2E=MYDI11AL; 2003-20194d), EHREAE-(MYDO9GA;
2003-201949), EX 3 EMCD12Q1; 20184d), 18] 1 E=A=(GTOPO30)E Sttt A xdH
ol nEARe] ERHAEE e I1x1 km ol mHNAE 2 EXNE A4me] B4
= o2k 500x500 mo]t}.

FL
bl o

Y 7lexz ] #Hre 457) ASOS AAH o Hu 2 HAHe= A=(1971-20199)S o] &3}
Rnew FAE A= 7|2zt vlustr] sl NCEP (NOAA National Center for
Environmental Prediction) Reanalysis 1 XH—Er4 Z}E% F33A T NCEP A9 Fitad =+
TAeF 1.875x1.875° , FELaF o 1.90x olny 1948 1¢ 1Y¥RE A27} Y

A &-H T}
2E TR WGS84 datumezZ HAEHFom oty FHo] WA st FH =AU
MODIS A %H-& FEHAVALE AE= A5FE FEQC flags ol &3t & glol 3

T2l BaSAT 7] Ant FFL AE ASOS AY FWo

1= T
w o e

| uFde] At

2 1X1 km sidE 252 AL Hx5 dEF, 500x500 m A= A5 HA$ 11x1] 9=
E o] &8sl HFSHT HHRIANE As2HEE A2 A S(NDVL, Normalized Difference

Vegetation Index) A5 Z AA4sle] mdlo] 8 W42 FRPth 1248 =3 11x11 9
T$E o] g3ty HsHor EXNIEL 11x11 94=foA A ag=9] v&S Axtst

_‘|7_



of &8ttt B2 oY ARE AR, AL, o dAFE ASHAET, AR A= 4
ASOS A& EFshe TPl FYE o8 er d dAFe doll wE p
o] &3te] T3 B Yx%(solar irradiance) ZH-E T3 T}

@ VIHYE A SeAE Y

Ut JE2d oA 7NeAE FAHS &) @2 3 HA(least absolute shrinkage and
selection operator regression; Lasso), ¢]AH2A Eg](Decision Trees; DT), #HZ# 2~E(Random
Forest; RF), S @ Eg|(Extra Trees; ERT), olttF-2E(Adaboost) =@ A-sS H w3}
Lasso= W4 A A(variable selection)¥} *+f3Hregularization) € Z&3 =2, OF3FAdAdol
=2 A9 W IAAATY #*E %@Tﬂ g3 do® 1% A7 Tt As Tof

=

a2, 9 5

el & 992 A F=o

d Hx g HAAZE F4 2de NDVI g 331, ot AxH2Ert 2% /Hed A¢
(ALL), 3t 81 ozt Aume=rt 718 Z$BOTH), F3 Axde=wt 7F83 45
(LSTDAY), ©fzt Axde=wt 7bgd ZASLSTNIGHT), Z1eja ZF 7hg8hA ¥ A4
(NEITHER)®] -2 vrol F5stath ol= o A7 75 fle JHe] Auve ol8st
S7] Wl Aol Wi AZEA(Gap Filling 71W2 =Y48HA 4t7] "otk o5 T3
B 5o AHEHE 203 RS A8 230 dAH=H, F dE S0 o= A A
Tl TEol EAstY T AFHM2ETE §IAIRE ofttell= FEo] §lo] okt AmH2E
7b 7Hg e O A1 Ao 8 AAEE e 2149 A8E T 75E 2Ee H83)
= Aot o Hx g HA72 Ao 2dd A4 ASEE vlasty] fls) f-2iuet 457

ASOS AH Ao dhall wxpH=(Leave-One-Out Cross Validation)sS %3] MAE (Mean
Absolute Error), RMSE, R? (Coefficient of Determination), NSE (Nash-Sutcliffe Efficiency)E -
AT

Q@ AHFE o7 FAF A4t

WMO<] ETCCDI (CCI/WCRP/JCOMM Expert Team on Climate Change Detection and
Indices)OlW AAZE 277 A4 o7 FAF T AFH A VAEE ol&st AT

= 6719 AE AAsEAT ©o] & TX90p, TNIOp= 30 o2l 7He-3t #A=7F l= ASOS
1@ #= 9 NCEP A &4 250l thsfArt A4 ST

SU (Summer days) = H12% 25CE x33l= o &
« TR (Tropical nights) = HA &% 20CE 2¥st= o F
o TXx (Warmest daily TX) = 7} & ¢ H1 2%

e DTR (Daily Temperature Range) = 4 H1 =9} HALx o HF



« TX90p (Amount of hot days) = A% H12%E 0SS 233 L9 HES

e TNI90p (Amount of warm nights = A%t HA = VEHE 2743 5o WiEE

(T ZGASE 0|88 o] FLL A

O FdZ=A F9

ol HAIE AT 6719 o] 7| FAF olfolx ZGAFE Gt A Ao thal
oS HAEAY. ZHAATEE FHY ALV FEE A AHE F Jde FEA
T A =(HWMId; Heat Wave Magnitude Index daily, Russo et al., 2015)% o] &34t ZH Ay
= How @ 31y A%

Y H3 e FHAE7F 1981-20109 9] 30 717103 24 2 =
$(30x31 = 930¢) A8 WEHAE ZHst= o] 3Y ol %
HWMId A<= 2t ol a3t ZHe] F=Md+ Eq. [1]12 A8 = Ao

T TBOyQSp
ity > Ty
%(7;1) = T:30y75p T:30y25p o N

0 lf]:i = ]})Oy%p

,Tde o Ha == a‘ﬂ?ﬂL 01 , T30y25p$}t T30y75pe 1981-2010¢] 30 75
T AAIGe 2589 F 75EY FSs YEehdth

HWMIdE E¢l Aol sigshs %29l @S] ta] £¢ 2458 &8 gol 9tk o Hx
]
[}

N
r—\lrt
ot —
rO
o
e
S
B
fu)
B

=

b

rlr
L

r PO

ol ZAAE f1& 30d ol Fe A=7F 7F8E ASOS A ™ #= % NCEP A4 A5
of djsl HWMIAE A4bstth m=3 WMOSQ 67 ZAAIAY F E 47] A 93 $-2vetol
sl HWMId Z = w& sigd |dde] MEE T+ ASOS AH /Mg MESS gt Al
el & Zg Ao WHslE Ay Ryt

@) AEEAE A} GFAINTE 7= ZAAZIE AR

% F¥4HEvaportranspiration; ET))-2 X ® 3} tf7] Alo]e] E4A9 A A& A
Adles TAZRJA FEJAZ AR BHE o ul7]|SEe 3 (Potential ET; ET) 3Y 9]
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2, 1Ikm o] AlFIHFEOAN FERAEES e A2 IdHA JAHKim et al, 20190).
Bouchet (1963)7} Hz= A¢ter a4k AW-th7] F&2-8 o] &2 Brutsaert (2015)° 9]8]1
gAHo T FEEUI, o]oj7 Crago et al. (2016), Szilagyi et al. (2017)¢] AFolA © Uy
S AT B AT AFgE WHE HA o] 29 Szilagyi et al. (2017)9] ET.9F ET,9] Yt /z}i
H ¢ol %(Generahzed complementary relationship; GCR)2.2 v &3} FTHGANA oj§ =&
28-S Holx= Aow gt (Ma and Szilagyi, 2019; Ma et al., 2019; Szilagyi, 2018).

GCRoll AR EHE Zte A ZaxkE (BT, S5-&34ksk(Wet-environmental ET,
ETy), B715 227 (e, ET) Al 7HA 7fde2 ydh ETE Ao tr2 dA= &
3+

SR & uista, ETE Ade] Bol 2% 0 245 4AZRAFo

ol SV AAL &5 Fepolnt. AW o] & W, ET.
H717F #5715 R % T A= w8 Yl A H7] WZel ET.¢ ETve= 2L o] ZeHE

U

"6] Stage-1 S44F HAolgtar 3o}, AW EYSEo| ETyRO 22 749, ET,« ETy7}

U B o) AAHA Hal o] Z Stage-2 AH) S@akatg o g Aoldlr) Stage-2 A
ol = ETy9F ET.9 ZolwhE <d(Latent heat) ¥W3to] dojyz] ¢kr] wj&o ojix] H=
of o3l sl= 7|2 #FU=+= FASensible heat)o] olol thet Hkgo =z Z715HA FHo 7]&

ANzt old wet t7]7F A FoA TS e F e TE2 AAY] "W o7
Q8T ETpe $ES ESSFES 7Hgsts ETVET SolAA 8. EdSEe] o FZ3

H ET.7F o #olA|7] wj ol ETp,&= old ¥h&3ted B AAA F ot Bouchet (1963)&= A3
oA BHEo] s BAste o] AW-th7] HEA-8&S ET,-ET, BFEERAAARZ A3t
o] FTHJAFE o|F o] #F ATolA FAHJT (e.g., Ramirez et al, 2005). *S}X]
ET,-ET, AR G4BAE s stes < fFEsI7E f4A ot Y=
Bouchet (1963)2] 714 & A7 o207 AKX gA|w H Brutsaert (2015)] ol& &4 =
2 FEHAS

_,d ot
p

(e .
i

N olN o

LT H

Szilagyi et al. (2017)¢] GCR2 Fxtd ¥
HA EofpRo] FRI A$, ET, ETy, ET,=
2tk W E Eoko] hHs] TS Afole T 71
o EH71—’F%9L?E*9* E‘JFHE FEHEHE JdEE A8l x= SHHAE GAAA A X=Xgipn). ©]
o] 7] < Enma® B xmin=Ew/Epmadt AT BHA] EYFRO] & wi(x=D
o= ET.2 tﬂzzw} ETyo] W3lel 7] wj&o dy/dx=1¢] do}. A F7} A3 ZeEdS UH
X=Xmn)oll = ET.x ETy &} A3glel 00]7] wfZel ETyoll thek sk 00] "t} (dy/dx=0).
ok, | 7FA AAFRAL () &x=1, y=D, () &=Xmn, y=0), (i) (=1, dy/dx=1), @Gv) (X—Xmm,
dy/dx=0)e]t}. [0, 1]1¢] W= 2 EYHFE X=X-Xu)/A-Xm)Z AAY st v AAx
ALs wEste 7 iad g8 ek Eq. 217 dh

x=ET,/ET,¢} y=ET/ET,& WA Ao}
F 27 "ol y=1, x=12] A x°] Ao

=2
Zaake dojd &= gQl7] W&ol y=00]a, 9]

b

o
k

1,
no*'

y=2X"—Xx° (2]

oA H3] EggFE o] &3 MEFgHE Fxol7l= AT Eq. 21 &A4AA EAAZRA
oA FEHUZ] wZeol ZIEe THHoluy AYPAd oES WHET (e.g, Anayah and
Kaluarachchi, 2014) xR A8 wkaic}y, QA4 ET,= ETy, ET), EnmaE45E Eq [2]12
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_ . ol B
ETp - A(Tavg)+7Rn+ A(Taug)‘i”yfu[es(TM’!l) ea] (3]

A71A, AW Z3FF7IE FA4Y 71271 (MPa/TC), Taee BH7I= (C), v+ 74€ﬁl
<= (psychrometric constant) (hPa/C), R,& ZHH4F &9 2 HEd £EAE (mm/d), fu=

H7 vl (mmd'hPa™), efTaps €% TagollA e E35F71% (hPa), e /\E]Xﬂ‘l"ci‘7]
& (hPa)ol L o] E (TN A2l 3545719 edTeew ™ 2t} Brutsaert et al. (2017)oA =9
=83 g7 AFgE ¢ oy Szilagyi et al. (20172 & 93] BAIEIFE AHESIETH

f, =0.26(1+0.54u,) [4]
A71A, e AW £ 2 mollA Y BdF<S (m/s)o]th

Epmais ETpoll AHEH Rot o2 AP AW 2e] s 22idles 2e
2ol 1 91§ B2 AU/ FE 94 002 /PR B w2 B
57 W&ol 7122 Taghth 4 FolAH ojnf) 22 T2 T
(C)E ©l83l Epmax (mm/d) HA] 5L3 Penman 202 ALtd < Aot

A(Tdry) g

Eymaa = mRﬁmh[es(Tdry)_o] [5]

Ty AxDddHg oz epsls) g72% Tw (C)2 FE FA4T & Ao

Ty = Ty + es(f“’b) [6]

wb

,VT +A ( (lf w )Zle’w

T avg
wh ,Y_;'_A(Tdew)

[7]

Y =, SE&EAF ET, mm/dE AL vie 438 x3td AHS 7H- 5] w ol

= stEt71e BdEEs w9 Eobxd Mass-transferel 3k F¢& HASAX

o wetA o] A AASEAEFH ISR ES AY sHAF o 2A Ho

(Brutsaert and Stricker, 1979). Priestley and Taylor (1972)= ©] X8|E 7}A 3] Penman &2]<

MeF3}l s ar o] = Priestley-Taylor &2jolg} B4 RE0h. F3tH WS 71437 o &9

ol 25+ XIHA AUS WETE oA HI oF F&2% Ty#tal Aogth ET,
(mm/d)E= Ty (C)ZE Priestley-Taylor &2]& o]-&3f AAaldt)

ET, = a(iT (8]

o 7]14, o+ Priestley-Taylor Algrolm dukx oz 110914 1.32 HHE Z+=tt (Szilagyi

et al, 2017). E|Ho=2s x3td AW 7|2 FY=H = Mass-transfer SL¢4bEF2 Ry9

10-32% A=Y ousth. B2 o224, FPH ATl Priestley-Taylor 212 o« = 1.26



il
it

212 A% (Lhomme, 1997; Kahler and Brutsaert, 2006), GCRell <17
frol7] R 99 9 SEARd IS e 23 wiHTSE Be
3ttt (Brutsaert et al., 2017). ETyoll AH&5+= T, (C)& Monteith (1981) F=34A &
I Egs. [9]-[11]0.2 A4t 4= At} (Szilagyi, 2014).

ro
e

O.>‘

=

L
=]
=

o

ofl ro Y
RO
X o

{

O s ox
S
oo

O

1@, VPD

wh A(Tub)—’_fy)(aQn_’_bfu VPD) [9]

A(T,,,)(A(T,,)+7)

avg

A(T,,,) +

a=

[10]

b= AT, [11]

A71A, Qe olux @92 WMEH FHAF (Wm?), VPDE Z7Id 5% (hPa),
eTag) 9 €9 e, c= BARF T WEAF 2894(Wd ' mm” m? ol

W BTN 7= 7HEA T

O E&ATILAASF

Vicente-Serrano et al. (20100 Z<(P)et th7| LT FHETPE A8 Axe 5&, d
Z s FAT ¢ Jd5S B o] 713 EFAe v 3 JtEASFl REATS
HFakz] 4=(Standardized Precipitation-Evapotranspiration Index; SPED o]t} SFA|9F A E &4
(Terrestrial Water Balance)= ETp7} obd AA|F4beF ET.o &3] A4 Hoh
as_ .
=P ET-Q [12]

2
N
R
w

= EYFE (mm), P A4 (mm/d), Q= A FAA WY s F&% (mm/d)
olty. =% Q& EYZd IEFH 3o Yely= % (Dunne saturation runoff)s} 123] &

< A#&f+= (Hortonian runoff)2 wr &t ofF 23 A HoA P st F-971 ofetd
24 AEHo EY AF5Ho| 92 W= Dunne saturation runoff o|t}. o] mjEo] @we
Z R¥o] QF S9 F+E Yey =6 (Kirchner, 2009), 7F4 1ta3 497 o] 58 A3
AEAFAZE 7M1= Aoty A¥A A o2& o] &3 Eq. [1215 3HEFs} 814 Eq. [12]1=2
A=

S, =kS, ot (Pt - ETa,t)At [13]

o714, ki Q8 S Atole] mligl g (dHE Egdes
A o] 2o 93 FEFFL Q=(1-KSi, 7t Atk A Ba} A <
Folde= AT kSeadl At & HE Z PE dsta SUE ET.E wwd A4
<
T

a
B So] "FthEs ouolth AT E At=12 3l 7] EYFES Sgt &3 Eq. [91S of

r
A o
o
N,
>
!
°

o
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e} 2ol oAl AEld 5 o
S, =kS,+ tf] K'(P,_,—ET,, ,) [14]
n=70
Eq. [141o14 271" A dAANE t7FRA7F 83 711 A5 kK'E 00l 7M7Y A 7] v &0
Stoll vA&= Gk mra ity 22 ol fE tA-AA W A LAYZE Pe} ET,&= Sl 7 #H]
st FEFE HAA 2wt @A EYTE S € AR <ol = PeF ET.E Eq.

[15)9} 2ol o st | % 3ok,

St = Z kn(Ptfn _ETa7t7n> [15]

43 ANFeE B5Aol)E AR Eq (1612 @A EF5E FH S& ABFE %
of 2= P, ETooF #Folv|g A4a8E 24 doa e & Aok weps 7143384 w2l P
o} ETo& AAS AHE & AAHd Gsle AUNSEE ESTE HJHE MFHoz 3
sl Ao] 7Hsslth GCRol 75 & M E Ry, Tavg Taew, E 5 713835 Fhol7] wj&ol
AME o} By BZgho] fluiel= SPEIG ET,7F obd ET.E A&st= AL 7Hssit
SPEI Al4tol= Vicente-Serrano et al. (2010)7} AAE WHE IdE A8 5 Ak ¢ AzF

TTEE 7FA+= SPEI (e]3} SPEL, )& Eq. [16]1.2 A4lH T

SPEL = &

t

F{ > (sz—ETa,i)H [16]
i=t—71+1

o714, Fits AAAA to] s AFRE 59 FAd FHH P-ET.o] FII8E%

oli ¢ []= FFEATEE 9oty Beguria et al. (2014)= 3¥4 Log-logistic (LLS)

Bys 237 % HE WHoz A Fitg 4T S AA3AL o] HiAMoM=E Y

5

Eq. [16]e14 & 4 %ol P} ET.9 ®eAd S AstH SPEIY At WEddd IS
nxs F93 MaE AR ¢ o|t) Vicente-Serrano et al. (2010)&= AIZFFRE ¢ o WH3}o|
M2 SPEI AAIES W3lE FA7EA 4 Self-calibrating Palmer Drought Severity Index
(scPDSI; Wells et al., 2004)¢} vl gl=dl SPEI&= scPDSIe} Huie] 4aAdES 2= AUTFES
A= A FU T R 12€ Aol viAl et EgTEolu AASEHE

el = SPEl Al REE T3 AAANS ARt A E 7|5 wep ezt
qE 5o F7IFNAE ESTEe] dode A7t B S, #=, 3 F(Percolation)#
2o 7 HAo dojgs Eo] Hxd FRd NS 1 sor AAE] EgFRe] HEAAS
AWd g k. B3I A Ay 7|y EYGEA wa @A oo whet FIA
HFHo7 AAFHE AA AL AFgHHoz Wi dfodxE BFsta SPEIQ] A7 RE
FUH0E I JHEe FHSe A&7 tfREQI (e.g., https://spei.csic.es) o= A&
ETA9 FHA WEAEE UF @esg Aolgt & 4 vk kA o] HuAdAE F o
AR AFFEGH F4& s A4 78 ESFE A 59 SPEI Ato] o] A#AdE 1
H3l AGHE g AT EE AFsAT



e AAE SE FUHH R ASd TheAlTE £EFTAMESA 4 (Standardized
Evapotranspiration Deficit Index; Kim and Rhee, 2016)¢|t}. Beguria et al (2014)% AHE E
o) o3t Uyl $B aTFe] A2 B RE HuUE FAT + UL AdsAed AE £
AU gRE ZRARAS AFHY FUN 2P ENE e 5 ow SEDI:= ET,
o} ET,o] #tol2 EZAFE ZREFHS Vel SR AEe] BaH %} Wsie
7R Qo] HasE T A 1Hsls 72X 4otk (Kim et al., 20190).

Kim and Rhee (2016)2 ETaQ} ETwe] ApolE FH4AHRZF (Evapotranspiration deficit;
ETD)o.2 Aolsta o]& LL3 X ZHFAA SEDIE F+J o]F o] LL3 #3x7} SEDI A4t
S 93 AA-F Ey=z ﬂolElﬁ’iE} (Vicente-Serrano et al., 2018). w2}A SEDI®] +%+= SPEI

o} Y3t Eq. [161¢] P-ET,tHAl ET,-ET & F7I&&= ALtEoh
SEDL@[F{ ij (ET,,— ET,, )H [17]

, SEDIz & ¢ AZbfEE 7FA= SEDIo|th. A AA7E A& & 2 YA

= Wgo]7] &) (Seneviratne et al. 2010) SPEI®} wpzxt7}A] 2 SEDIE= E <4
}741 BAE = APFEE ZHA "ok SEDIY| AR YA SPEIA Y ESFiAts
g B3l AAsA

1= "o

714
g A
8|
H

o]
=
=
]

ol mﬁ‘ _I_‘

=

N

oo
ko w

g
[‘-111

=
Rl

) #3458 2 244
@ 7NNF ALY A= F AR LT A=

UM AW E GCRYl 875+ dg€vs+ R, Tavg, Toew, wolth. ¥l JEHFZE ET),
Epmaxe ETwE AI4FSHH Eq. [2]& &3 ¥I2 ET,& 4T At} o]= 98] WA European
Centre for Medium Range Weather Forecasts (ECMWEF) ERA—Interim 4 (Dee et al. 2011
(https://ecmwf.int/en/forecasts/reanalysis-datasets/era-interim) ™ ©3}-BALF XH ZFa}-EAL
#F,2m BV, 2m oledeE, 10 m F5 A4 A5 (1979-2019F +H3idt (F3t
4= 0.5° x0.5°). O}Eﬂi SPEI Algtel a3 AE&H AaFAss 4 s
ERA-Interim A& AZE 43U AZFI7HOZ AiE AEY 7|EAEE vy &
=z B VIFHEAES 2 Adsts A= HrbE An (Ma and Szilagyi, 2019). 7+
AR AlEE 9 s UEHE AT EREE § 25704 F el o7] wiEed 9 w9 &
g Fddor FHE da9] AN A5 BT 499 E JAHAS

GCR ET.E 4T v 7IY 283 I8 sl HFEE e olth oju] Ay dx7t GCRO
AA = 9‘5 0e 74P AR Priestley and Taylor &4]¢] &2 uE zt7] BopE "
2529} Ry AHY Wiol mEl el e /A SE B 4 ok mEtA o 3 FAE A% #=
A7} éﬁdtﬂ AJEMAIE ET, =L 201 o]de] 71 ZolE ztA| ¢+ A7t ¥ 3



Hogw F2 AW HEFHo vt (Dingman, 2015 Seneviratne et al. 2010). 2& #A=3)
A= BAE A7) 98] Jung et al. 201D 71AISHES ol&3s] MA T FLUXNET eddy
covariance flux A& F3F B7Fste] 1982WHH 20113 713 &¢te] ¥+ ET.E 388
5 0.5° x0.5° 2 AAsE T (o] FLUXNET-MTE). ©] Max Planck Institute FLUXNET-MTE
ET, €x5 (http://www.bgc-jena.mpg.de/big/index.php/Services/Overview#freedata)ES 43 5}F]
GCRE] o #t& FAol A&

R
e

ol-2# FAHH ¥ GCR ET, #%< 93} FLUXCOM RS+METEO #3 (http://fluxcom.org)
€ F71E FH3AT (o]t FLUXCOM). HAEAAE, 7|3A85E WHEs o, 7, €99
FLUXNET eddy covariance M54 AWT o+ A& & BWEs Hd SHA, 1 7|ASE
2y o7 FLUXCOM A&7} /ferElon Lxts = 2001-2013@ 7]7te] oisll 7F&3kt (Jung
et al., 2019). FLUXNET-MTE #A59} TUs FAAE A5 E FH3A91 A5 dole £ ¢
AT A @] o5t A AEAE & FolA Xk FLUXNET-MTES] oFd-& R4 7]
ZIAE R AR & F Aok o] BuAdA= 2001-2013'd 7]3toll o3y
FLUXCOM #tg0] GCRZ FAHH T ET. AIAE Atole] A4S JAE= 43 A%
% 7}st Aot

@ EF4E 2 AEASF AR

SPEI®} SEDI] AR & ARSI sl 1A A37Ivt A4 ESFTEAES] Global
Land Evaporation Amsterdam Model (GLEAM) v3.3a (Martens et al., 2017) A 52 33t
(https://gleam.ew). GLEAM &4k @ Ek4R g0 ARsE A2 AFdA 83 435
of MAF FHA FA, AHA-t7] AL 24, 7HEAAH T4 FHoE A" vk Ut
(Mirralles et al., 2014; Guillod et al., 2015; Vicente-Serrano et al., 2018). GLEAM =32 7
A AgA Al NE AFANA FY FARY 55 Eostal AAAHY 2EdH2x i 9

1

)
o 5 EFRYL

AgAL 7]k Optical depth A 85 A3l AH 2 bRk Fuaeg A8E
Agke| 2 Ak ok (ZEAE 0.25° x0.25° ). ©] RuMoAE GLEAM 9= EoF4Ea)
22 JFEAS TR AR A83t9 1 ECMWF ERA-Interim A 8.9} EhajA =S U

AZ171 A8 0.5° = AP HT skt

ry
18
ol)lr
i
o2
5
giA
rlo
N
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9
)
)—l
B
)
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o
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X
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5
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Recovery & Climate Experiment (GRACE; http://grace.jpl.nasa.gov/data/get-data)= F *4%o]
49 FHEE Aol FEHA AFH WMEAS F3 A5 AE FEHESE A
o HEAQ BHola tgE dARARERRTG FEAETE WUE AT o]EFHoE
GRACE Total Water Storage (TWS) #t&+= E¢F Column HAY ¥HEAHS Yehg 7] o] &
ERy ASoY 7MEEAEL S BFoE Ad 10d 59 W3] AL&E AT (eg., Bai et al,
2018). A+ GRACE TWSAtZ=+ 20021 4€olA 2017 10€71A] €992 A= J3 (F
ZHld= 1° ) SPEIY] A EE 2RSS 8] F7Ho 2 ARSEH A

® AaEH
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http://www.bgc-jena.mpg.de/big/index.php/Services/Overview#freedata

TFEAG AR BERE] Ay EAL 2#dlEd A&EH o e AF FAon
(e.g., Barker et al., 2016; Kumar et al., 2016; Van Loon, 2015), 7}&Al<2} 715 &gt 4
HEAE o] (s 48T & A+ dE:A < WHoltt (Vicente-Serrano et al., 2013). A
Al vlel o] GLEAM Ed4E A59 GRACE TWS A5+ xF3¥ 7FA4 SPEH],
SEDI®] At FRE AAS 7] 93 7|E(eference) A7o|aL AZFRE JMEAFY 7EAR
Atol o] Pearson Al ghol AUVE HEs A AT

FHAEAE 8 VIEAEd JHEATY FBHEAS 98 GLEAM EdTE AEs
GRACE TWS 9] AA A=57|7F HAHS o] &3] EFrE 2L TWS anomaly &< WA A4St
At TS 7)1z Fte] € ©@9 P, GCR ET, AEE A3t A FRE LA 2471 €
7hA WASAI A7 Pearson G#AITE A ol A ST YEbg = SPEL SEDIS] AIZE
TEE gads 44319

=

G) AaHY FAAE & o1371F ZAZY A

b A3
O AREY AdHA=

ARHY FAAE F Edolu = Beo] Ut 2YZ(root-zone) EFFEL A3}
7] 18l A=A (Land Surface Model, LSME o] §3t9or), AWmy 742 93] Bad 9

HdaE 2 3 2. WA 714AEE National Centers for Environmental Prediction
(NCEP) Glogbal Data Assimilation System (GDAS) near-realtime analysis(¢]&}, GDAS) A& &
ALE-3F S tHRodell et al., 2004). oW AFolA = 6-hourly ti7l&%, v, YA, BH O)7]
o, %é? T T F MY 71 ATE arkestl e, Table 20 AT o] A FRoll A
AFEEE F 9709 714 W= National Aeronautics and Space Administration (NASA) Center
for Chmate Simulation (NCCS) dataportal (https://portal.nccs.nasa.gov)ollA ujz 7] 3}t
GDAS?] 7’44+ 2% A ¥ R (bilinear interpolation)S A3} AR Azl =27]<
1° x1° & Az FA71E FAsH o, “lapse-rate “& o] &3l 1= R e ALESIA
o AURY 75 A BEY AY, A T9 A5V Bastth ol Aol AMES
o]#13gt A= Table 3o £.9Fste] A ASIATE oS S0, Albedod] A%, € FHFZko|v A
Al Highe AHEE F Yo, ol AFdAN = 9 HAAEE AFESEA T
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Table 2. Meteorological variables used in this study.

Short name Standard name Units
Tair Near surface air temperature K
Qair Near surface specific humidity kg/kg
Swdown Incident shortwave radiation (total) W/m?
Lwdown Incident longwave radiation W/m?
Wind_E Eastward wind m/s
Wind_N Northward wind m/s
Psurf Surface pressure Pa
Rainf Rainfall rate kg/m?
Crainf Convective rainfall rate kg/m?
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Table 3. Input parameters (soil, topographic, vegetative parameters) used in this study.

Input Data source Description Source

Univ. of Maryland 1992-93

Landcover  AVHRR AVHRR landcover map.

http//glcf.umd.edu/data/landcover/

Univ. of Maryland 1992-93

Landmask  AVHRR AVHRR landmask map.

http://www.geog.umd.edu/landcover/1km-map.html

Soil texture STATSGOFAO The blepded STATSGOVI and http://www.ral.ucar.edu/research/land/technology/lsm.php
FAO soil texture map.

The SRTM elevation map

Elevation SRTM_Native .
native source.

http://dds.cr.usgs.gov/srtm/version21/SRTM30

NCEP slope type derived map

Slope type ~ NCEP source.

Zobler (1986)

Background (snow-free)

Albedo NCEP surface albedo from NCEP Csiszar and Gutman (1999)
Max snow NCEP NCEP maximum snow albedo Robinson and Kukla (1985)
albedo source.

Greenness vegetation fraction

Greenness  NCEP values (GVF) from NCEP

Gutman and Ignatov (1997)

Bottom NCEP (NCEP) ISLSCP1 temperature

; http://www.ral.ucar.edu/research/land/technology/lsm/sfc_fields/TBOT/READ_ME
temperature derived map.
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By S AMESt AR EYFES ASsH] #8914 71N EGTEA RS A
A5E FREIAT. ol AFdA T A7 EYTE AS = European Space Agency
Climate Change Initiatives (ESA CCI) Soil Moisture Product v04.4 (e]3}, ESA CCI SM v04.4,
https://www.esa-soilmoisture-cci.org/)elth. ESA CCl ESES mlyd Ao EXF M, Active Al
A, Passive AAe} o] & 3 Combined?] 3FF A57F Yot o AFNAME
Combined A5 & AFEsIF oM, == 0.25° x0.25° o], 1978 11€HH 2018 67}
A dE AR5E WP st dEE WSt AR 7 AlA ek ESA CCI SM H A9
i) A Figure 120 =A]39 0.H, Active A=.¢} Passive A5 F3&sl= W2 Figure 139
AA AT o] 23k Actives} Passive AAE F#skeE WHo| dislA= Gruber et al. (2019)]
A8 ArEo] ok ESA CCl EYExaet 2ol A4 7 EYdTrEAdses EFAEE
=3 Ho loE=,

o[¥l Q7oA Combined A42E AHg3lo] AWMRFOoR YUG EUPS
¥ AR F 559 vws

= ARSI

EF BEYFERY olygh, &9 =(root-zone) EFFE &5 T3 ECAcl A AHo] Hoid
+ 8% Aot YAVIV EYFE ABdAE 295 ARE de F floEE, o o
T A+ European Centre for Medium-Range Weather Forecasts (ECMWF) ERA-interim =&
A 2} = (https://www.ecmwf.int/)2}  Global Land Evaporation Amsterdam Model (GLEAM,
https://[www.gleam.eu/) E¢TE AEE AHEstY 35 B oiyzgt 295 EYTE ARE
Hl w8kt ECMWE ERA-interim EYi ABAAEE  0.75° x0.75° 9 3d== 1979d
FE ARE W] & F dov, dAl= 9 ol Jadele kA ¥, ERA-S AEA A
52 A=A ECMWEF ERA-interim B¢ A2XA5e & VISHESTE 4749 F7
= 0.07, 0.21, 0.72, 1.89me|t})e] EF4E-& Hydrology-Tiled ECMWE Scheme for Surface
Exchanges over Land (HTESSEL) A ™ =& (Balsamo et al., 2009)-& o]&3}la] A4tstar Qioh. o]
H AT A AR EYTE AR Blustr] &, 9 230 2RE INS(E
SHAME, EFOE2HE 1 m7kA 9 Zo)& Zo] 7% o o2 AT 9%
EYgFES ASSI9 Y. GLEAM EYSEAIS = N
o, 0.25° x0.25° 9] 4=z ddy g4¥ A=
ALEe GLEAM EYdEAS+= GLEAM v33azZ AASE AHe GLEAM &3 o]X
(https://www.gleam.eu/)u}, Martens et al. (2017)o]1} Miralles et al. (2011l AA|E o] AT}

<
T
P
T
o

EdTEs ARk 9ok 2 W o] o= ¥ Total Water Storage (TWS)<
g83t] o AFoA id EYrdE A5E ASeAt EYgrES TWSE 748 F
Q3 AR F9 oty ¥¥W TWSE Gravity Recovery and Climate Experiment (GRACE)
Tellus web-site (ftp://podaac-ftp.jpl.nasa.gov/allData/tellus/L3/land_mass/RL05/netcdf )= H-E Ui
7] skith. GRCE= 20020l #ARRE AFo] Ao E FA45o jlon, AT FHA=
AesiA A3t TWSAE F43th o] Azl td AMS A& Landerer and Swenson
(2012)] AA = ot ol AT A= Center for Space Research (CSR), Jet Propulsion
Laboratory (JPL), and GeoForschungsZentrum (GFZ)e] 37§ 714 Ay4ke TWS Anomaly (€]
sf, TWSA)E A= 3 #s AH&stith
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Release version
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Figure 12. Four active and seven passive microwave sensors utilized for ESA CCI soil
moisture products. Adapted from https://www.esa-soilmoisture-cci.org/.
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Figure 13. Merging scheme of the ESA CCI v4 algorithm. Adapted from
https://www.esa-soilmoisture-cci.org/.

® Zu4 2 AARE

EdTFEe 7 AyAEdd 23850 = F83% ECVoeltt. metx &3 duA 44|
£ o] &3t oW AFoA A EYTE ARE B 5 Aot olE A, FEAAG d
d A8 E FHP o, Table 49 gkt A AISEATE FluxCom FE4F 232+ FluxNet &
=218, A7 dAGAAE, 7| 4A RS Machine LearningZ7]|®H 0.2 E3tsle] A4S A5

2k A& = Priestley and Taylor (19723l ol&] F3F Al S@daksko] ~
Eg 2 HAEO-DS F3F gholl canopy rainfall interceptiono] 3+ interception lossE il 8}
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2 gk thFigure 14). ZF A= ok 4AIs A& Table 49 AAIHA A= BEIOZRE F
g F AT

o

Table 4. Evapotranspiration and sensible heat flux datasets collected for this study.

Data

source Period Resolution Source

FluxNet® 1982-2011  0.5° x0.5° Jung et al., 2009

FluxCom®  2001-2013  0.5° x0.5° Jung et al., 2019

ERA5? 1979-2018  0.75° x0.75°  Copernicus climate change service (C3S), 2017
GLEAM® 1980-2018  0.25° x0.25° Martens et al., 2017; Miralles et al., 2011
GCR? 1980-2018  0.25° x0.25° Kim et al., 2019

a Both evapotranspiration and sensible heat flux datasets were collected from this data source.
b Evapotranspiration datasets were collected from this data source.

Potential evaporation Rainfall interception
module model
Priestley and Taylor equation Gash analytical model
driven by observed surface driven by observed
meteorology precipitation

vy 3

E=pr S+ E;

Soil module

Multi-layer soil model driven |’
by observed precipitation

Stress module

Semi-empirical relationship
to root-zone soll molsture and

vegetation optical depth

Data assimilation of satellite
surface soil moisture

Figure 14. Schematic of the GLEAM.

b 2YE ESFENA
O A=Y MA

Land Information System (LIS)2 NASA’ s Goddard Space Flight Center®] Hydrological
Sciences Laboratory7} F=35te] /fisla = AZEY S g YL = (Software framework) =

AR

R, Figure 15914 BeiFE 3 3 o] 945 A4 7 #2289} o8 2y /PS5
Fatel AEW A} BYxE HAsste] woF 5 JrkKumar et al, 2006). LIS A28
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MRS H 1 km Fsd =S 15 £ AIPACE 2old 4 Uty (NASA  Goddard
Space thht, 2017). o]¥H AFANA AFES LIS A2EL 7. =2, GitHub LIS framework
(LISF) web-page (https://github.com/NASA-LIS/LISF)o| A W& wtr] & < o}k dA] LIS ¥ Ao
+ CLSF f2.5, MOSAIC, Noah 3.3, RUC 3.7 & % 18719 AHEZo] x3tE o] Qlof, tzrd
FEEZIHE T TS AMBRE *ﬁ**% T A= o] Uk

o] AFA = Noah 3.3 AHEFH LS HAAHslY ESFFES AASIFTE Noah AHEH
(Ek et al, 2003 49 ESFiE>

2y Eger AgWL:, ®=#9(snowpack) F7 2
Snowpack Water Equivalent (SWE), ttgt & 9 duyx] £ FXUE & 2T & 3
ol ATFelA = 1 hr AIZF2EF 1° X1° o FASGERE BoFon, 47 EYTE E%
©2RE 01, 05 10, 20 m Zol(Z, 27 0.1, 0.4, 0.6, L0 m FA)Z FA3te] melatgich.
TS (root-zone)S A I ol w2} A=, o R J|7F F AL FE 9T ¥
ozt kAT, oWl Ao HY FFOERE 1.0 me Zo] 7MAE THFE A
ojstRom, zo] 7tE Ht EYTE e 29T EYTE #oE HYsdtt
AARFoRRE RO AAFES AAL T Ao, ol AFdA HEg Heese
Table 5} 2t WA, AdUAFA #H HFES cGFEAFNet shortwave radiation)} <=
A ulE-ALEH(Net longwave radiation) Fdy dd 58 Adegnt. E4x #HEs HEELS 7
A9 A SE, AERFEF D FURETF 84 ot o9, EYGTE YU EY
% s

eE, AAZTHF Fo WErE

™, Table 594 Sign convention €)&= Z+ WHEES F3 Wk °ok9] —‘TL' 2 FAET
s £9°, Ay, BAIEHS 7Lf:‘. %

il

=
Netnesssh R MFEL PAUUFEZA, BEUE Qe Horol AU
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Uncoupled or
Analysis Mode

Parameters

(Topography, Seil

properties)

i properties, vegetation |-

/ Land Surface Models (Nozh,
: CLM, Catchment, Mosaic,
'__); 3 HySSIB, SiB2, Sacramento,
: ] SNOWI17)

(Forcings)

Meteorological

% Boundary Cenditions 5

Meoisture, Snow, Skin
Temperature)

Data Assimilation (DI, EnKF)

L LT R R R R R R T RN Y e

“Coupledor
Forecast Mode

Water and Energy

Fluxes, Seil Moisture and

Temperature profiles,
Land surface states

eSS NN AN NN ENEEEENEEEEEEEN

Figure 15. Schematic of land sufrace modeling in Land Information System (LIS). Adapted

from https://lis.gsfc.nasa.gov/.
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Table 5. Model output specifications.

Short name Units ii)gnri/ention Long name

Swnet W/m? DN Net Shortwave Radiation
Lwnet W/m? DN Net Longwave Radiation
Qle W/m? UP Latent Heat Flux

Qh W/m? UP Sensible Heat Flux

Qg W/m? DN Ground Heat Flux

Snowf kg/m?s DN Snowfall rate

Rainf kg/m®s DN Rainfall rate

Evap kg/m’s UP Total Evapotranspiration
Qs kg/m’s OUT Surface runoff

Qsb kg/m®s OuUT Subsurface runoff

Qsm kg/m?s S2L2 Snowmelt

AvgSurfT K - Average surface temperature
Albedo - - Surface Albedo

SWE kg/m? - Snow Water Equivalent
SoilMoist m®/m? - Average layer soil
SoilTemp K - Average layer soil
SoilWet - - Total soil wetness
PotEvap kg/m’s 0)% Potential Evapotranspiration
ECanop kg/m?s UP Interception evaporation
TVeg kg/m?s UP Vegetation transpiration
ESoil kg/m’s UP Bare soil evaporation
Canoplnt kg/m? - Total canopy water
SubSnow kg/m?s - Snow sublimation
Snowcover - - Snow Cover

SnowDepth m - Snow Depth (m)

Wind_f m/s - Near Surface Wind
Rainf_f kg/m’s DN Average rainfall rate
Tair_f K - Near surface air

Qair_f kg/kg - Near surface specific
Psurf_f Pa - Surface pressure
SWdown_f W/m? DN Surface incident shortwave
LWdown_f W/m? DN Surface incident longwave
Emiss_f - - Surface emissivity
Streamflow m®/s - Streamflow

a Solid to liquid for phase change terms
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EokRo] FH= l:ﬂlz__?—.]ﬂﬂ— H—Or A7) S LIS Alzgl Ay gha 2 Axy =2y
T AT wWEA o Aol A= 47 3 A
< Hlaskes B 9 ok, F8 F99 &3 o

A
Frre A v
Z

A

0*7 i
2
iy
I
&
i

0]- [e] E——é‘]_"\_:_ HO]-HHjTQ:
olU A9k, GRACE TWSE &8st Zt f9d gt EYTiES AP E vuwstATh ofA
oh.e|g ok(o]al  olEl) A HolA Aed Fo 571 F9@Basin)e  World Meteorological
Organization (WMO)ollA A A3 =wQle 7|F&o 2 AAFAT. WMO FolAoH15-60° N, 75-
150° BE) Edld= SF2AF9S, dolAoK10° S-35° N, 60-140° E) =vddd= wWI4F4
=, T5(50° S0°, 110-180° E) E=wlel+= w#Eol-g8d-/9<s, o el7H10-75° N, 190-
310° BE) =dlol= PIAAA IS, Folbm gl 7H60° S-10° N, 270-330° E) = ldl& ofw}
E4FYS A4 At

o

HA, 4 7I9HESA CCI SM v04.4) 2 A ZEA 2 S(ECMWFE  ERA-interim, GLEAM)®] E<¢F
TEAEE Noah LSM E4TE A5A4E717EQ] 2000-201891 s ¥ Anomaly Correlation
Coefficient (ACO)E T3l vl st th ESA CCI SM v04.4 Z}Eh Noah LSM #Z(0~0.1m
ool Eok+E ACCE T3t¥ 1, ECMWF ERA-interim EYrEASEE 53 A XTHOZHEH
1 m7kA 9] 3INSS ZHol 7t "é‘? EYTE #E 295 Eookff—v‘:_'—oi T3k o2 Noah LSM
EGTEY 359 29359 ESTFES 742 vt GLEAMY] A fddle 253 295
o] ETE #es 4HABst AFsERE o]F &83le Noah LSM %F 5 <
%= vl w8t ohFigure 16).

GRACE TWS$} ®lwstr] #1sl Noah LSMe] A¥ gto = Ry TWSE WA Fatofof 3
o drHld o= TWSo|= total column soil mositure, snow water equivalent, canopy water
storage, groundwater, explicit reservoir storage’} 3= oo} Jkt}. A9 Noah LSMol|A+=
AstrEfEolv 45 BostAY, aEstA] gorg, o] F ) AES TFEHA FUgT o
gk A gAFEEe] Noah LSMello]gk TWS 4 grell thgh exts AL =+ A<= 79
sttt ol Aol A= GRACE®} Noah LSMell ¢]3k TWSA<} TWS Change (TWSC)E 2+
HZ vl wstA . GRACE-TWSA+= CSR, JPL, GFZ9] 37 7]#o| A A4S TWSAE At 3t
&S AHE3R o™, Noah LSM-TWSA+= total column soil moisture, snow water equivalent,
canopy water storage?] 37§ A&o] oz T3 th GRACE TWSCx= Eq. [18]8 o] &3te]
3tR o™, Noah LSM-TWSC+= Eq. [19]& °]&3ste] F3tut

[e]

(%
%

-

[e=]
3

4140

TWSAt+1)— TWSA({t—1)
2

GRACE TWSC = [18]

as_ .,
E_p Q—ET [19]
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Figure 16. Selected five basins in this study.
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Command Language version 6.4.0, 2019)E& o]&3}d], Xt &9 EFFRo] At 203t <
2o EGFEEEAA dgete AEe(elst, HAEHY)S T Boh EYE WEY = Tt
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Table 6. Drought conditions according to soil moisture

percentile.

Drought condition SM percentile
Very much below average < 10.0
Below average 10.0 ~ 33.3
Average 33.3 ~ 66.7
Above average 66.7 ~ 90.0
Very much above average > 90.0

@ oA oA Y EYFEX]4(Soil Moisture Index) 4H4

APEC 7]$AlEl(e]3} APCOZF 93t & FoFAofA4(15-60° N, 70-150° E)S th’d
°g 3} =(Figure 17) EOoFA ok o] 7% HUE R YAl E
(https://apcc21.org/ser/eastasia/climteExtremes.do?lang=ko) = AT meEtA EYriE S
AbEStE AR AT T 99 E-AIIAILHdE BER FAG2ALY 295 ESFEAST
(root-zone Soil Moisture Index (SMD)E F2A|7to 2 4H4 | UAfe]lEo] w5 Afn] 238}

UTh SMIE= FHFEFEZ 3 ATEZFY Pl(FaETFEHDE Yele ATE 7ve
2 AT TR ETHOr)S FEO] EYTFES o8 AE FrFolar, A2 (0w
ZhEo] AlEol A He AR s ouidth BE FREFEHIE 0579 W ZEo
FERES 93] 2EH g W] ARFTL dEHA Qo] o] AFHE JHESE AT

e vo
_1

Olv
o
&
o
\

d

¢

Baier (1969)+= ol FEFEHIZF 0501858 A ¢ o7 Zhastr] A&sinrt AdE 2 e
2 agga & gl o8z 094 19 < 7AW, 7ol AR S R
o e s = Yedr] 98] o3 Eq. [20]3 Zo] Hyste 4P tHHunt et al,
2008). 41714, SMI= 594 59| 3t-& 7FA L 0B 22 ks 7Heo 2 A3ty Mg 7HE
ZEe ok 73k Table 7o QoFste] A Alst T

Root—zone SMI= —5+ 10— [20]
t9F0_ 0 wpP

714, 0= B A AEn|(Volumetric soil moisture, m*/m?), Opc= EA-85 2 (Field
capacity, m*/m®), Oyp= 2 (Wilting point, m*/m3)e]t}.
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Figure 17. East Asia domain (Red line: 15-60° N, 70-150° E) for the
extreme event monitoring system.

Table 7. Drought conditions according to the SML

Drought condition SMI

Extreme SMI < -4.0
Severe -4.0 < SMI < -3.0
High intense -3.0 < SMI < -2.0
Moderate -2.0 < SMI < -1.0
Less intense -1.0 < SMI € 0.0

6) &2vho] AR 7HE 0|72 'A

b EHH HeolH

ESHE Edl(wee)S o &3] AFEH £FaE A4 WEYZ Aul2o|x} vlojaw
E20 Aulzeolth ESIL ELEI HE Mula AZE uf 2257 1408f0] EZ A gHE o
Ao HZol= 2800l EEZ £t EQE /At Ale] E(https://developer.twitter.com/) ol
Al A ZstE streaming AP AHI2AE B3] AAIC 2 F£Fo] 7lssith EQ £ FAE
AARE AAR 7Hsstth AREA7E s ESIS Figure 183 o] <19 Aol AR A
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APEC Climate Center @apcc2 - 11

’Eﬁ APCC's Executive Director arid 15 rcsearcherc attended today's
#Korea-#ASEAN #WomeninSTEM Forum held in #Busan, Korea as a part
of the #ASEANROKCommemeorativeSummit!

This forum discussed international collaborative policies for women in
STEM between Korea and ASEAN countries.

Figure 18. Example of a tweet of twitter

Streaming APIZ 3 ¥ ESIL 7|9} 3to 2 o] F 2 JSON(ava Script Object Notation) 3
Moz o] o). Figure 182] ESIS streaming APIZ X3lH HE Do} 2 FZ2Z Ho
Aot Figure 19+ 24 AH(created_at), 2=} ofoltj(d), g 2=E(text), ¥l 2~E ZH(truncated)
ojty, H & ESlo ZA Ago] 280ulo|ER 93 E AW streaming APIZ A &5+ texte=
14()3}0]12; 14()1j]_c>]EE L%o] 7‘4 O_?_ Eﬂ/\Eoﬂ_a oHDP 1_:..,4_/] r—ﬂ__—:,v_y]_ /\1—010] 5] Eﬂ/\E
2 £ALS True 2 A olodx ESS AAZ JXARI A" £X40 =2 geo,
coordinates, place 5©°] o™ o] JRE o] &3l =F7PH FA Tol & 7
“ereated _at's This Nov 21 070 3:43 0000 2019,

AT AT T T O 626,
Yid_str':' 197410242 76T 642626,

fext' " APCC s Exeentive Director and 15 researchers attended today's #Korea-8 ASEAN EWomeninSTEM Forunm hedd in #Busan, Kore... hitpszVtea’y TyeE P2k,

‘truncated”: True,

Figure 19. A part of the structure of a tweet of twitter

(b Z1AskE 71k o) a2 'A 718

ZIAE 7S o] & ol BA 7|HE H2ER AAHE A8Vt o A(RE Yo
B OIZ(Na‘fve Bayes), A€ #E mAI(SVM: Support Vector Machine)(Cortes and Vapnik,
1995) 5 E-F7|(classifienz= /sl B4 BE7E o)|835ld], o)A ue #AH EALS zFo=Z
3}37_ ‘g/x] o449 ESly o]AP—r ?{r% Hl & T3l gAgchFigure 20). 8| 2~E el
= t "y, E&3Htokenization), o] ZE]Z &
o] %R‘E}E‘r. ol o] § Z‘i'%“/l" EZsle 48 dolo dol®E E8st
EAF BAE A 52 AlQ7E dol= AHAIRY. 22 E TlolE = 7195 ZE
d ESIoR HolHE F4&dted AHEET. @4 B¥ 719 =+ Moore
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Sentence classification

Data preprocessing

Tweet collection via twitter «  Word tokenization +  TF-IDF (Term Freguency-
streaming AP {Application = ‘Weather keyword filtering Inverse: Document Freguency)

Programming Interface = Emgj) extraction «  Sentence classifier based on

support vector machine

Figure 20. Monitoring approach of machine learning-based abnormal high temperature
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O ATE B4 BRY el stxe 913 201837 20199 AAAFL ZTAAE SN2
¢ SR ARE GUOR AU BAIYSL olYE ZAE LHAAG. HolHAS 22

2~(Greece), 1@ E=(Greenland), = EZ¢o](Norway), =L (Germany), =A% = F(Luxembourg),
223 Maroc), H7]l(Belgium), /\H 2~(Swiss), ’\Jﬂ"KSpaln) & =(United Kingdom), <%+
(Oman), o|gglol(taly), ¥E(Japan), = (Czech Republic), Z & (France), & =(Finland) %

& 187H 7kl A 8537 Fol2 AdHd ESle ol&sty T=3itiTable 8). @4 #d E
S F 57,857 A FollA o] Fae #H ESlo] 13936 do®E EREHYCH oF 24%S AA|5HA
o %1_ T ol a2 HolH e}k o)daleo] obd HoHE o]gsty ZAgE dargEe
St ol HE AbES T
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Table 8. Summary of training dataset for a sentence classifier based on support vector

machine.
Country Data collection period Heat\xg;/eee—tl;elated Weat?\;;;:lated
Belgium 2019.07.23.~07.29. 125 460
Czech Republic 2019.07.23.~07.29. 26 130
Filand 201907230725 5 320
France 2019.07.23.~07.29. 319 1,740
Germany 2019.07.23.~07.29. 247 1,438
Greece 2018.07.22.~07.24. 32 144
Greenland 2019.07.23.~07.29. 0 15
Italy 2019.07.23.~07.29. 131 988
Japan 2018.07.22.~07.24. 220 406
Luxembourg 2019.07.23.~07.29. 5 22
Maroc 2018.07.22.~07.24. 9 22
Nederland 2019.07.23.~07.29. 277 951
Norway 201907230725 g 5
Oman 2018.06.25.~06.27. 7 21
Spain 2019.07.23.~07.29. 162 1,388
Switzerland 2019.07.23.~07.29. 39 286
United Kingdom 2019.07.23.~07.25. 7,882 27,942
USA 2018.06.15.~06.18. 4,308 21,239
Total 13,936 57,857

Cb 7], s s

#= ¢H &% (sea surface temperature, SST) #4418 9|& A Extended Reconstructed
Sea Surface Temperature version 5 (ERSST v5; Huang et al. 2017) € A&7} AFEFHATH
ERSST v5& 0.5° X0.5° & 3 fiF=E 7IAH, A5 7|3+ 18549 FH AA7tA] otk W
Z79 8 AHoutgoing  longwave radiation, OLR)+= National Oceanic and Atmospheric
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Administration (NOAA)7} A-&3}= monthly interpolated OLR (2.5° x2.5° )& o] &3}t 1
g 7] &3 BEAE& 984 National Centers for Environmental Prediction-National Center

JAE, wigt AETE ASHUT o AFNAL 1981 olFe] RS AREL FAHOE BA
o o

st om, 19814 20108S Hd 7)zko 2 ste], 1981 doA] EA7FA 2 7)
1%, SST, vkehde] #HA7E A=A

Wb o7, g dEF A

i
>~
Dl
ofo
of
ol
R

Y AFHLE AW AFAF L Y] YRGB A5 Bo| GFR N FAS

tH(Table 1).
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Table 9. SST-based climate indices and atmospheric teleconnection indices used in this study
and the data source.

Index Index Data source
Category
i . https: .esrl. . d/dat li
PDO (Pacific Decadal Oscillation) psi/ v esr, no,aa go,v/ps /data/clima
teindices/list/
NINO34(NINO3.4) https://www.esrl'.nc?aa.go.v/psd/data/clirna
teindices/list/
. . https: .esrl. . d/dat li
SOI (Southern Oscillation Index) s/ fwri esr_ no,aa go,v/ps /data/clima
teindices/list/
. . https://ds.data.j .80.jp/t duct 1
EMI (El Nifio Modoki Index) ps//ds data H,na g,o Jp/tec/products/eln
ino/index
IOBW (Indian Ocean Basin Wide  https://ds.data.jma.go.jp/tcc/products/eln
SST-based Mode) ino/index
index https://ds.data.j .20.jp/t ducts/el
westNINO (NINO West) psi//ds.data @a g_o Ip/tec/products/eln
ino/index
. . http: J tec.go.jp/f h
IOD (Indian Ocean Dipole) P //,WWW_ Jams, ec.g0.ip/ rs,gc/researc /
dl/iod/iod/dipole_mode_index.html
. . https: .esrl. ) d/dat li
TNA (Tropical North Atlantic) ps://wwrw esr, néaa go‘v/ps /data/clima
teindices/list/
. . https: .esrl. . d/dat li
TSA (Troipcal Southern Atlantic) pst//www esr_ n?aa go,v/ps /data/clima
teindices/list/
CAR (Caribbean Index) https://www.esrl..no.aa.go.v/psd/data/clima
teindices/list/
. . https: .esrl. . d/dat li
NAO (North Atlantic Oscillation) ps://wvrw esr_ no,aa go,v/ps /data/clima
teindices/list/
ftp://ftp. . . . db2dg/data/i
EA (East Atlantic Pattern) p://ftp.cpe r.lcep noaa,gov/w g/data/i
ndices/tele_index.nh
. ftp://ftp. . . . d52dg/data/i
WP(West Pacific Pattern) p://ftp.cpe r,lcep noaa_gov/w g/data/i
ndices/tele_index.nh
. EP/NP (East Pacific/North Pacific  ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/i
Atmospheric . .
teleconnecti Pattern) ndices/tele_index.nh
. PNA (Pacific/North American ftp://ftp.cpc.ncep.noaa.gov/wd52dg/data/i
on index j ]
Pattern) ndices/tele_index.nh
EA/WR (East Atlantic/West Russia ftp://ftp.cpc.ncep.noaa.gov/wdb52dg/data/i
Pattern) ndices/tele_index.nh

SCA (Scandinavia Pattern)

ftp://ftp.cpc.ncep.noaa.gov/wdb2dg/data/i

ndices/tele_index.nh

PE (Polar/Eurasia Pattern)

ftp://ftp.cpc.ncep.noaa.gov/wdb2dg/data/i

ndices/tele_index.nh

@ ENSO &g ZHA A4

Bl e 8 SST H-s = =<¢l ENSOE Nifo3.4 (170°W - 120°W, 5°S - 5°N) A| & of A]

=]

AREE

2l SST H|AZ Aottt ENSO o ZAIE flalA]
(Outgoing Longwave Radiation, OLR)®} & 2= H+ s 483 HxE 8319+,
)= NOAA/Climate Prediction Center (CPC) A}o]Eo|A T wWol AL&3}3Th
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http://www.jamstec.go.jp/frsgc/research/d1/iod/iod/dipole_mode_index.html

(Table 10).

Table 10. Climate variables obtained from some international climate
centers.

Variables websites

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/o

Heat content cean/index/heat_conent_index.txt

OLR http://www.cpc.ncep.noaa.gov/data/indices/

Al ENSO e A E fsliA Fastaz A4 £45 stded, A71A4 dY/zt
Uk oWl E RS NOAA/CPC A= uwlg}bA Oceanic Nifio Index (OND7} 5 79 AL&o=
+ 0.5°CE& Hs o 2 Aottt
(http://www.origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php). 1981 d
HE 2019 W Aol dyx=(1982, 1986, 1987, 1991, 1994, 1997, 2002, 2004, 2006, 2009, 2014,
2015, 2018)<} 2FU (1983, 1984, 1988, 1995, 1998, 1999, 2000,2005, 2007,2008, 2010,2011,2016,
2017) oA EEL Z+7; 13719} 14718 &4 3%

Q) FAE &8 <« 4 ¥H

Ob ol & A &4 Td

ofef Aol AlF A E BT o] L9 UUE EAET] A FAHAE EAS &
£33t Ay A FAE B4 9y £ AdF F sk<=(Empirical Orthogonal Function,
EOF) W& AREsIdth WA I Hur|29 0EATE 2343 &5 S o4 1
Ao et FAE £4(1981-2019< 3 F ZF REof tial e € ol
27+ A3 A s=(Pattern Correlation Coefficient, ©]&F PCOE A 4k} ©

2 PC (Principle Component)& A& 3st¢th o] o,
A =vld HFgS AASA g PCC A4t

El
o
=

ftlo
> ¢
0%
ol
2
)

OFEf A oA L o]} 1 WA #HHd Fo tr] B WY &FHFS B4
A, PCY AAL3} 500hPa A= = SSTole] AAAAE ALbsiAnh. Aid a3
9} 3d ¥eo] 500hPa A= W SST HAxFe}e] wx HILE E3) o)A 7] o

BEx gl T kA QARlS
A3t FAE 24 A ZA7HSAdrend) e 7S 18y YA EFE AlAE 1A
&t
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4e glakel 1719 SPEL A5GPEIDE A-431th 1719 SPI %)
A A WEAH B FAREN ARk Ao fAgon Fa

2 o B7] Wl SPEIE A8t
s =)} vvstEs1e) A7) AT AASRA ekskeh.

A4 Ao et 7HEAFY At 8 HEEEE B Hd Add Awds
(Empirical Orthogonal Function, EOF) #41-& F3std=d #A 30:d(1981-2010) 717F &<t
9 479l FAEEQCF]1, EOF2, EOF3, EOF4)3} 19| sd3st= A|A<E(Principal Component,
PCl1, PC2, PC3, PCA< ATt olF, 3l €9 7t=2AF 33 Bx 718 fASE B8 &
71 918l SPEI Al<=¢} 47) EOF R=9 &3t ™ Z#AFPCOE A4ttt Fa5
712 PCCY Adigke] 04 ool 7 =2 A#AF+E Hole= EOF =g 8 ZE=
A sEAT

24, se] RBAE 4 = A=A
A 9o #AA Was vimale] FEHQ B39 FEE Hole AYg el AL
FASAT. AR Pow Faweo] PCo fofrd AARAE 2t tr)/&HY dE A5
& e Foog 4o gyl WE AFek vmsle] FEAQ H59 JEE Hols REE
selste) Ale FYakc

Q) F2 & o3 A dd 4 ¥

© BAF #4

13357t AR AGL o) Rs Fdo MAs A W LI AAE Tt
At M Fo 253 HARE 25 F7bA 3813(1981-20181) 717+e] & 195(=5x39)9] 7 $-o i
3] Eq. 1< o] &3t 74 wxte] A& 717HReturn period)S A4FEITE Ranks 195709 749
Z 39 olMlEe] B #98 o @t
Return Period = (195+1)/ Rank [1]
@ FAA BH
A BEA3 npRrtA R sgFe] 25 HEE 2F F74x] 38W(1981-2018) 717ke] F
195(=5x39)2] 7o) thal ol L F sAe AL FE2AJE FH7] o HIES MY
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&3 bootstrap

Axte] BN ol e Al Agl

A3 F, AT U AYDE A=she] P
2 BE:A7E 474 ARES fAAE
from g Z3

Hl

)= AL, sl AbEle] A

getatt. 87 A4 v«lDWO ﬂ1

H(Gershunov and Barnett, 1998)2 ©]-&3}
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Days with Tmax > 90 percentile (2019)
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Figure 21. Extreme climate days
temperature at 2m.
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Figure 22. Extreme climate days (below 10" percentile) for daily minimum

temperature at 2m.
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Days with Prcp > 90t percentile (2019)

| ﬁ-w‘ulonlﬂnv] FEB zm’n

Figure 23. Extreme climate days (above 90" percentile) for daily precipitation.
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Intensity of days with Tmax > 90t percentile (2019)
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Figure 24. Extreme climate intensity for daily maximum temperature (above 90"
percentile) at 2m.
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Intensity of days with Tmin < 10% percentile (2019)

Draily Menirmum Temparature al 2 midegC)
1 Il 1 il 1 1

Diaily Minirum Temperature af 2 midegC)
1 1 L 1 1

FEB 2019
1 L

150w oW oW W 20w
Dally Minimum Temperatune ol 2 midegC)
'} 1 '} 1 1 !

[ ME  BOE GO UME  NOE N0 W 1IOW BOW MW XW ) o SUE BOE SO MOE GGE 180 KW 1J0W BOW mW W o
MAY 2018 ; A ; ; Dally Minimum Temperature & 2lMtMC1 JUN 2018 Daity Minimum Temperatum at 2 m{degC)
N L 1 1 i L 1 1 1 L 1 1 ] }

T
o WE -3 W 120F H0E ho 150w 120w oW o W ° ¢ 0E BoE e 10E 1508 0o oW 0N BOW (- 0w o
Jui 2019 Daily Minimum Temperature at 2 midegC) ALG 2018 Daily Minimusrm Tomperatune i 2 midegCh
o L 'l 1 L 1 i -l 1 A L 1 I L 1 1 1 1 L [l

10w 10w W oW =
SEP zmln \ Diaity hlmmn I'hmpern;tm o 21mtdanC] OCT 2018

150w =W oW L] 3w (]
Dhaily Menemum Temparature at 2 midegCh
1 1 i ¥ 1 |

T
BUE
1 1 1 1 1 1 Il

15w 1o W =_w nw i
Daily Mimimum Temperatus at 2 midegC)
L 'l 1 '} 1

5 45 4 38 3 25 2 -15 1 05 O

Figure 25. Extreme climate intensity for daily minimum temperature (below 10th
percentile) at 2m.
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Figure 26. Extreme climate intensity for daily precipitation (above 90" percentile).
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Climatelogy of requency (Trmax, JAN) Clmatology of trequency (Tmax, FEB} " ’ ,w “f'“";" “Wmﬁﬁw,
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Figure 27. Spatial distribution of the climatology of Figure 28. Spatial distribution of the standard deviation
extreme climate days for the daily maximum of extreme climate days for the daily maximum
temperature above 90" percentile. temperature above 90" percentile.
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Figure 29. Spatial distribution of the climatology of Figure 30. Spatial distribution of the standard deviation
extreme climate days for the daily minimum of extreme climate days for the daily minimum

temperature below 10" percentile. temperature below 10" percentile.
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Figure 31. Spatial distribution of the climatology of
extreme climate intensity for the daily maximum
temperature below 10" percentile.
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Figure 32. Spatial distribution of the standard deviation
of extreme climate intensity for the daily maximum
temperature below 10" percentile.
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Figure 33. Spatial distribution of the climatology of
extreme climate intensity for the daily minimum
temperature below 10" percentile.
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Figure 36. Schedules on the HPC for weekly and monthly extreme climate monitoring
system.

WEB

F9 ZA|E L 0j0A] &8 AE LAAEHE OjOjA] HE
47 67H)

L

e HAHE WE Me

HPC -> WEB O|0JX] H&

Figure 37. Schedules on the WEB for weekly and monthly extreme climate monitoring
system.

2 o713 A HE+= Figure 383 Zo] ¢ AMu|~E Fdl AlFHL Uk A
He A ARE €99 o4 ue, o)A, B“JEH &4 AV, 51311 A «] A @717k, SPI(E
}5 A%, SED(®ZE ZWF ¥2 A5 5 & 649 0@ A 2o 432 Jehyz 9
, MY 120 dERE Ha Yk =3 FH oAVFE A AHRE Flgure 399} o]

o], o] AL, Imm o] Aol B FE AFEMDe tigh A AR g AujaE A
15ta ok FH o]V F A HARE ulF ado] dulolE i 9tk

> 1% (o M\ [

N r1

Kl



20194 118 o|4 7| §E

JOIEE I2E IZEEE

O 178 BE T4 7SR R 30T 2 N47 33 U AT Exceptional dy AEE 28
Dy wiih Vo » 80" presceenlily Daws with Timin = 1F® ol
[T 4] e e | bbb
Lo = g e : g
1 k. A - 1 . L L
A7 i AT 5 R
-1 & S kel i
| 2 P | V2 it T
| 1 ’1‘5‘ — L - o
J (IR f i
— O - -y A
HF . 1 FA
L0 0 .-
[rerr—_— T —— [eT—— A WPURT [hasme Cinotns
IR ST DR (B R oY MR (2 TS
Slaptuie of Ui Lerpesi P evnl Mainan peiricad ol e lai o P osgm
- 48 e, iy ——
. VI oy - M "y £
| k o L= . # %,
i, e = 2 %
! %",:5-_. oo :Fi 'F Tl
— 2 % T - g ol - =
{ T 2
* F J"l' e | - -! = ey
e P
eisgs]o§ ] | o O .-
T E T = - = - i
Vo 1 Do, WA P il | —— ¥ AP T
I, BT EH e AR (EE) W D (oA
| -snmih WY I -l SEX
m— oo
i o, S SN ). 5 il SRS S0 SN 1
o » 3/%y e Ly
- > k. s Sk
Pt 5T #'r e _..f' ; ¢ 1.1'. --'..-
0 ~ el |
S, o fa A
"y ™ it | i "
e e B G
7 - - I - -
[ T T —p— RIS TS — r—
L EFTTS 1 T S N | hd S=AEl 17 A MIP ¥ P T Db |

dE 3, B2 O¢ 30 (BEE) R 22 AT R A (22T

Figure 38. Monthly extreme climate days for daily maximum temperature
above 90" percentile, daily minimum tempeartrue below 10" percentile,
magnitude of the largest P event, return period of the largest P event,
1-month SPI and 1-month SEDL

_64_



SORAO} O|417)2 Z0A|0) PN BT HRU SRS
D with Towax > W pem=nitile Travs with Towin o 107 pecentile
ani __ Lhe mp . __ ik sy
|
ok b - & "
e L S
! £ ;-
ol . wl & P
|} ' .
¥ i) p
- .1 . »
§ _m ]
! il
| i d
. '
i £ £ i s ] i ]
- |
AW Ry DR R Y oL ME (S8R BAYS
Dy wigh Prop = nm ANHL K] Weriabiime bjilen )
ik + -y
ir %
- g -
| g # '
b . y
B i
o oyl 5 -}
¢ r_;_‘
|
o
¥ : [
[t p— [ ] &IME o C e
I8 5, 2t T EHEY S (N W B LU O-1m) Rl (22F)

Figure 39. Weekly extreme climate days for daily maximum temperature above 90™
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mm, and SMI (Soil Moisture Index).
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Figure 40. WSDI distribution map from July to October 2019 to monitor the continuous
occurrence of abnormal high temperatures.
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Figure 41. CSDI distribution map from July to October 2019 to monitor the continuous
occurrence of abnormal low temperatures.

@ A9E WSDI & &4

Al WSDI B2 E4S BA317] 938 Figure 89 671 | del tis] 2011d 1Y 5
20193 10€7kx) WSDIZ Al4tsl] €99 2 9=z 43} Figure 415 20199 1¥€3E 10
712 671 Aol tfgk Total WSDIe] WstE yEehdTH EEura AgoA<= 649, 8¢, 109
WSDIZF ZA Uebwte™ E.Asia AHoA= 9€o] WSDIZF th& ol w8 =ZA YerSt.
S.Asia X YGol e 59, 74, 8Y, 9¥o] WSDIZ} IA JeElon NAme A do) = 983} 39
o ZA et SAme A HolAE 49, 6€, 99l WSDIZF ZA veEREOom Aus A o) A
149, 3¢, 590 A yehgt. Buke &ake AYoAE tAHoes 79-10€0] Z2X
WSDIZY ZA| Uetstom Athd o2 Wdikgto] £312] X oA = 14d-549o| ZAX WSDIVF =
A YERS T

_67_



A AT 670 Al gk WSDIS] AthzA ] YFs Hlwstr] el 2 A geA T
WsSDIe] HA iy 2715 F3 T} Figure 432 & A7 67) A9 FH A st WSDI2| &
EXE Yed Ao=Z 20199 799= N.Ame X|HolAx 31.9 %= WSDI®| <g3ko] 7}& =A
Uelstom™ NEura A9 28.9 %, E.Asia A9 17.5 %, S.Asia A9 14.8 %, S.Ame A< 6.4 %,
Aus AY 05 % =22 YElgt) 8¥o= NEura A gollA 385 %= WSDIS| Hgko] 714 =
A YElg e NAme A9 26.5 %, EAsia A9 19.9 %, S.Asia A9 12.0 %, S.Ame A|¥ %2.8
, Aus A9 0.3 % o2 YEIGT. 9¥€ol= NAme A golAx 31.3 %= WSDI®] gaFo] 714
A Jebkom EAsia A|Y 26.4 %, NEura A9 23.7 %, S.Asia A9 11.7 %, S.Ame A 4.9
%, Aus X9 2.2 % <o YElRT 20199 7€, 8¢, 99 FAS o] Fn e e FE &
1 N.Ame A 93 NEura A FollA Aoy oz 25 HAs AS AT 5+ A3k

ey

ri

Z+ 98 WSDIo] H WHES EA31r] s E.Asia, NAme, Aus A Hol thak 201133
20193712 ¥¥ WSDIo] WH3als HA3519 ) Figure 448 E.Asia A gol tidt 7€, 8¢, 9¢¥,
10€¢] WSDIE Hlwgk Ao = 2011WHE 2019971x d¥ WH3E YeldT. E.Asia X oA
WSDIZF 74 A vebd A& 20159 10€ollem 7 AA vEhd AL 2018 9€ ol
ok A 9d FoF 799 A% 2015 %%} 2017d =] AUz o g WSDIZF FA JEehton 8
29 Afoe 2016d =9 2019950 9€9 ASoe 2019959} 20161 @50 10€9] 7o
T 201590 Ay ez WSDIZF A UErst Figure 45& N.Ame A|Ho tist d=4
WSDIe] ®stE yebd Zlolth NAme A oA WSDIZF 7Hd =ZA v A& 20189 104
ojlem 7 AA veRt A2 2013\ d 7ok 7€ A 20129 %9 2016 ol oA
o7 WSDIZF 3A yehwtor 8o A= 20173 =2t 2019@ %9 992 o= 20199
To] 1029 A$ole 2018359 2013 @ =0 At o= WSDIZF =LA veEltt. Figure 46-&
Aus Aol o3k A= WSDI9| W3tE yehd Zeolth. Aus A HollA WSDIZF 7Fd =LA vet
G AL 2017d 8dollon 7 AA vEhd AL 2011d 949 0 o|dHk A 9d w<k 7

4] AL 20167 2017 de] AoiA o g2 WSDIZF A JeElgon 8€9o Ao 2017d
949 Ao+ 20130l 10¥€9] Hg-ol= 2014d3} 201539 AdiFH o= WSDIZF =ZA e}
Pre=g

I

_68_



i : H
P Apr Mg Jus  Jul Ao Ses O Mar Apr Fay dan bl Bug
L) w3

. Haun

=)
- f'; 30 i
B i g2 % i
E i ;m:' I' il II
Z i 1| g i m
E i i oo | i i i
- i ! p |I i % i I: E ;5 i
| = 1 i ! [ E= 1

sy un Bal Aug Sep Ol lan Feb War Agr May Jun  Jd Mug Sep Dot
Fot] 0oE

Figure 42. Total WSDI changes for six regions from January to October 2019 to analyze
regional WSDI distribution characteristics.

N Ami
s

H.Ame
EARE

Esla
108 1.7

Figure 43. Relative distribution of WSDI for global six regions from July to September 2019.
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Figure 44. Monthly Total WSDI change from 2011 to 2019 for E.Asia region (July to October)

=]
i

2011

&5
=t
B

EHIHS TR R R e S

2012 2013 2014 2015 2016 2017 201E 2019 011 2012 2013 204 2015 2006 2017 2018 2013
far July for August
MN.Ame
500 -
2000 4
gxsm ] =
-t He
e Bt
i Emﬂﬂ i
ab 5
i -
= 1E B
o
B B o LE B i
2011 2012 2013 2004 2015 2016 2017 2018 2019 2011 2012 2013 2014 2015 2046 2017 2018 2019
for September for October

Figure 45. Monthly Total WSDI change from 2011 to 2019 for N.Ame region (July to October)
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Figure 46. Monthly Total WSDI change from 2011 to 2019 for Aus region (July to October)
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Figure 47. Total CSDI changes for six regions from January to October 2019 to analyze
regional CSDI distribution characteristics.
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Figure 48. Relative distribution of CSDI for global six regions from July to September 2019.
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Figure 49. Monthly Total CSDI change from 2011 to 2019 for E.Asia region (July to October)
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Figure 50. Monthly Total CSDI change from 2011 to 2019 for N.Ame region (July to October)
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Figure 51. Monthly Total CSDI change from 2011 to 2019 for Aus region (July to October)
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Figure 52. Distribution map of return period for abnormal high temperature phenomenon(July
to October 2019)
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Figure 53. Distribution map of return period for abnormal low temperature phenomenon(July
to October 2019)

Q) @EFALTE °18T 7HE AN B AHZE o) 7| FAFE ]8T ol FLe AA

4, AME, A3 CDDE &3l A AT 7heS AASAT. A AF 8 oflgl FobA
oto| thafl A5E o FZ3t Folrotet fEuvete] CDDE A8 4y K gk o w(Figure
54), CPC 7]4%ke] CDDE wolAlobel ¢-zluetel dis] ©hs 3 HE3 w3 $2lue 4570
ASOS 714+ B#zke] AAES Bl w3l chFigures 55, 56). AzF AAIE el A-$ 2017H(CPC 7]
" CDD = 35.5¢, ASOS 7|¥t CDD = 40.5¥)° #7499 A& A7t 71 dgleon 1984
(ASOS 7%k CDD = 39.5%)), 2000d(CPC 7]4¥F CDD = 33.8¥, ASOS 7]¥F CDD = 38.6¥)ol =
CDD9] kol =LA vhebsth

g4 3 AEE AAde As 7P 2 DD @2 2R AsZdz2-29)d YEEt
(Figures 55, 56). €¥ =+ f-gvhetolA 1987d 12€<] CDD7F 7+ 31 2™ (CPC 7%+ CDD =
25.6%, ASOS 7|¥F CDD = 26.9%), 1995d 124¢, 1998d 12€, 2000 2, 2008 2¢ Sol=
v & FA e oHFigure 55). BolAlote] CDDE A% ©hE2A] Uebgd 19939 1€9] 3
o] 2349¢ = JHE Zlom 1983d 12¢, 1992 1€, 19959 124, 2005 12€, 2007d 1€,
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20143 1€ % wlwa & CDDE R YtkFigure 55). AFEEE $gvet CPC 7%k CDDY]
7% 19993 DJF (December-January-February, 19983 12-€-1999d 2€)7} 39.50¥4 =2 7} 1o
™ ASOS 7]4F zke]l 7% 1984\ DIF7} 42592 71 & @S R thFigure 56). s olA oo
749 20143 DIF7} 49.84 2 71 3 A YERStHFigure 56).

Feuetel M= Wl BEUr|7F tiEk 5-6d el o FAXER FH o o] drF AAE wi¢
Z 83ttt 2F(MAM, March-April-May)e] CDD #t<& R CPC 7|¥F CDDel 7% 20114 o]
18.3¥¢ = 71 A vt em ASOS 71dk CDDE 2017 20.7€ = 71 A Uebyoh(Figure
56). € E = 3¥€ol+= 1989d(CPC 7]¥F CDD = 15.8¥, ASOS 7|¥F CDD = 17.1¢), 2001d(CPC
7]¥k CDD = 15.9¢, ASOS ~71®F CDD = 18.1<), 2011'd(CPC 7]¥k CDD = 18.0¢, ASOS ~]%k
CDD = 18.1¥)°l= CPC 7]¥k CDD¢} ASCS 714k CDDollA &&= Hlwz & CDD #t= RS
om, 49of+= 1982d(CPC 718k CDD = 15.8¢, ASOS 7%t CDD = 17.1¥)3% 1993(CPC 711t
CDD = 15.6¢, ASOS 7]®t CDD = 18.6¥)¢ CDD #tel i, 5€ol+ 20193(CPC 714k CDD =
16.1<, ASOS 715k CDD = 16.790)2] gto] &= 3] =LA YeEstkFigure 55).
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Figure 54. Consecutive dry days map examples for October 2019 (top),
June-July-August 2019 (middle), and the year of 2018 (bottom) for global (left) and
East Asia (right) regions.
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Figure 55. Monthly consecutive dry days for winter (December, January, and
February) and spring (March, April, May) from 1981 to October 2019. CPC_SK and
CPC_EA are spatially averaged CDD values based on gridded data from the
Climate Prediction Center for South Korea and East Asia, respectively. ASOS data
are spatially averaged CDD values based on 45 ASOS weather stations in South
Korea and Thiessen polygons.
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Figure 56. Seasonal consecutive dry days from 1981 to JJA 2019. CPC_SK and
CPC_EA are spatially averaged CDD values based on gridded data from the
Climate Prediction Center for South Korea and East Asia, respectively. ASOS data
are spatially averaged CDD values based on 45 ASOS weather stations in South
Korea and Thiessen polygons.

o] 717kl 2018 1€3E 20199 10¥€71A1¢] €@ CDDES Awrd, ovetst &
olAJo} mFE 2019\ 1Yo A3 & CDDE BHYS<S & 4 AukFigure 57). FHEEFH A
7124¢ B 712717k dis) A xS & 5 JEu(Figure 58), $-#ugks CPC 7]k
F7F Holul ASOS 71k i =5 20183 7€, 20199 1€ 2 20199 590l 95% o]iteo] gk
S 1o 2018 o Eo o]o] 2018-19F AL 2019 EH-oj }% ] YElY S & = 3
thFigure 57). WA SolAlo} 23+ B CDDY A$ FHEEL 20189 2¥€(5G5%)7 20181 10
A62%)s AQetals 50% HIREY] #he Ko AojH oz H8&% JEE B ATHFigure 57).
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Consecutive Dry Days
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Figure 57. Recent time series of monthly consecutive dry
days (upper) and their cumulative probability (Iower).
CPC_SK and CPC_EA are spatially averaged CDD values
based on gridded data from the Climate Prediction Center
for South Korea and East Asia, respectively. ASOS data are
spatially averaged CDD values based on 45 ASOS weather
stations in South Korea and Thiessen polygons.
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Cumutative Probalsility for july 2018 Return Period for July 2018
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Figure 58. Cumulative probability (left) and return period (right) maps for July
2018 (top), January 2019 (middle), and May 2019 (bottom) based on consecutive dry
days fitted with Generalized Extreme Values distributions.

@ AEERAS 24 £

29, AHE, A3 CDDe] F4 BHS A Ao 7 Lelso] iste] a4 chEigure
50). =& Fobrlotst felubete] el 247 ohewelst +1 EEUAE s WAL -1
A U0 WAL 9E, AW, Ao AAs WA MEe Adde] FA BHL 4
Bakgon 457 ASOS Aol WAAE P AR, ohdelsh +] BEAUAE Eoshs AF
o st -1 EEBA W Ao AFE SEF AW £ AEE AADY A BHE

333t tH(Table 11, Figure 60).

At AALe A% A
el A E ASOS e} AgelE BAHCR Fel@ FAE WASA YA CPC 7]
Wrel Aol 1190 okxTesl +1 BREHAE st Wae] F/kse FAVL bt



(Table 11, Figure 60). solAlotoll A= 3ol ol 7t +1 EFHAE 2Hst= WHo] A
st FAIVE Uehgten 397 5¥ole ol dElv)t -1 EEHA U] Tl WA ks FA
7} Yebdti(Table 1. AdE AALe A$ole $2luate] 29 ASOS 71¥Hel Ao o4&
Z(JJA, June-July-August) obx=e]7t -1 FFHAF 7|9k 1171‘49] M7y S7vske FA7F o

A=} vkl A3 9

Elytom CPC 7|Wte] |4 AAGolAE AESHEDIP) ot=2Ert -1 &
M7t ZHashe FA7F YEstHTable 11, Figure 60).

%, Foprlole] A9 393t 5¥ol 7HE Aol @At AL EAlstE Seluee 7
¢ & & Atk SEuete] hsiA

< 119 ®=E ALd JHE Aol Frkete FATF Aee
1193} DIFS] CPC 71ute] W& NALH 7 aej=d 4 24 A7 p-valued 4=
Z7} FAE Bol: TEEst Sevete) AZHOE Folo] REFS & 5 ArkFigure 60).
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Trend for Noevember
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Figure 59. Z-score maps of Mann-Kendall trend test for
monthly (top), seasonal (middle), and yearly (bottom) trend.
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Table 11. Trends for 1981-2010 of percentage of stations/grids when indices anomalies
went below -1 (left) and above +1 standard deviation (right) based on Mann-Kendall test
(Kendall, 1975; Mann, 1945).

Source Month/ Irend p-value Trend p-value
Season (Below-1std) (Above+1std)

CPC_SK 11 - - Increasing 0.029
CPC_EA 3 Increasing 0.042 Decreasing 0.017
CPC_EA 5 Increasing 0.020 - -

ASOS JJA Increasing 0.036 - -
CPC_SK DJF Decreasing 0.014 - -

Trend for November Trend for DJF
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Figure 60. Trends of individual grids for November (1981-2010, upper left) and for
DJF (1981-2010, upper right) as well as time series of percent of grids (%) when
CDD anomalies are greater than +1 stanard deviation in November (lower left)
and when CDD anomalies are less than -1 standard deviation in DJF (lower right).

(W) T F= o371 FAFE 0|83 o2 AA
O nFE ¢ 7I2AR A= v

A8 W] 71§ ofio] we ALL, BOTH, LSTDAY, LSTNIGHT, NEITHERS] 7 $-o tjs
ERT mals] Ao] /14 $4abl GErskeiTale 12, ERT 255 Uehd), ERTS] 4% 7
SW2 nwatd ALLS BOTHE A9 3telzh ¢lo] NDVIS| g &o] mlnulghe 1gickTable 12).
Hu2E FAo Afoe 7He Mgt HojdaE ndo) Aso] "o =d, LSTDAYZH
LSTNIGHTRt} ®de] Aol $53ckTable 12). HAHLE FAo Aol LSTNIGHT7}
LSTDAYR T} mdle] Hio] Ay $5ghom, MAESH RMSERZ 2 w] LSTNIGHTe] ALL, BOTH
Hot § 22 eakE Aatkdlek(Table 12).
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NEITHERE Al2jstel o] dA7olA o Hiu 3 HALE 549 RMSE= A% 7H8 A%
of we} ZH7t 1.68-2.19TC, 1.68-2.36C TTL =, UA AYE 7|& AT A7} HlugS o
71E @77F EE Y W 7HER AHE A e AS At dsdte FEclsta
2 9 Atk ®=Z NEITHERE A|¢3td R2 > 0.6, NSE > 0.60& W22 A3iE Hel
NEITHER®] A-t-ol= & HAA2= F4 45 R2 = 055, NSE = 0.55%2 ©=%

T =
Hiues FHo Aee ZE Bdo] RS2y A ¢ Ao HtHTable 12).
2003-2019'd e} 6, 7, 8¢l Hisl A H B HH2EE ERT B2 o] &3t F43t3A
5ol 2l

o 9ol aeE 9Ad] wel FEe] £
o) AatE mae A 8at9tFigure 61).

Table 12. Performance of various models to estimate daily maximum temperature
(TMAX) and daily minimum temperature (TMIN).

VTigge Case MAE RMSE R R? NSE
ALL 1.35 1.69 0.87 0.75 0.75

BOTH 1.34 1.68 0.87 0.75 0.75

TMAX LSTDAY 1.48 1.89 0.81 0.66 0.66
LSTNIGHT 1.70 2.19 0.78 0.61 0.60

NEITHER 2.68 3.36 0.44 0.19 0.18

ALL 1.49 1.93 0.92 0.84 0.84

BOTH 1.48 1.92 0.92 0.84 0.84

TMIN LSTDAY 1.83 2.36 0.82 0.67 0.66
LSTNIGHT 1.30 1.68 0.91 0.83 0.83

NEITHER 1.77 2.27 0.74 0.55 0.55
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Figure 61. Estimated daily maximum temperature (upper two maps) and daily
minimum temperature (lower two maps) examples. Circles represent observed ASOS
data.
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Figure 62. Monthly summer days for August 2019 (upper two maps) and yearly
summer days for 2019 (lower two maps) based on NCEP reanalysis data (left two
maps) and modeled high resolution daily temperature data (right two maps). Circles
represent values based on ASOS data.
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Figure 63. Monthly tropical nights for August 2019 (upper two maps) and yearly
tropical nights for 2019 (lower two maps) based on NCEP reanalysis data (left two
maps) and modeled high resolution daily temperature data (right two maps). Circles
represent values based on ASOS data.
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Figure 64. Monthly maximum TX for August 2019 (upper two maps) and yearly
maximum TX for 2019 (lower two maps) based on NCEP reanalysis data (left two
maps) and modeled high resolution daily temperature data (right two maps). Circles
represent values based on ASOS data.
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Figure 67. HWMId (Heatwave Magnitude Index daily) peak maps for boreal summer
of 2018 (left two maps) and 2019 (right two maps) based on daily maximum
temperature (upper two maps) and daily minimum temperature (lower two maps)
of NCEP reanalysis data.
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Figure 68. HWMId (Heatwave Magnitude Index daily) peak maps for boreal summer
of 1994 (left two maps) and 2018 (right two maps) based on daily maximum
temperature (upper two maps) and daily minimum temperature (lower two maps)
of NCEP reanalysis data. Circles represent values based on ASOS data.
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1994, 2016, 2018'd¢] F<do] F=AA YEeH(Figure 70).
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Figure 69. Percent of land area for HWMId thresholds based on NCEP daily

maximum temperature (upper two graphs) and daily minimum temperature
(lower two graphs).
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Figure 70. Percent of land area for HWMId thresholds based on NCEP daily
maximum temperature (upper left) and daily minimum temperature (lower left),
and percent of weather stations for HWMId thresholds based on ASOS daily
maximum temperature (upper right) and daily minimum temperature (lower
right) in South Korea.
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o gt Priestley-Taylor 24 Asle E84 Yu)d ZASd4EH R vl&olgbr] B
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3] Anomaly correlation coefficient (ACC)2] H2 0.45, TFHA}+= 02002 TCCRU= Ht
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Figure 72. Distributions of (top) FLUXCOM mean annual ET, for 2001-2013 (mm/a), and

(bottom) GCR mean annual ET, (mm/a).
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Figure 73. The evaluation metrics of monthly GCR ET, against the FLUXCOM data. (a) Total
correlation coefficients, (b) Anomaly correlation coefficient, (c) the root-mean square error
(mm/month) and (d) the mean bias (mm/a).
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Figure 74. Spatial distributions of (top) the highest Pearson r (unitless) values between SPEI
and the GLEAM root-zone soil moisture data for 1980-2016 and (bottom) the timescales (7 )
yielding the highest Pearson r (month).
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Figure 76. Boxplots of (top) the highest Pearson r values between SPEI and the GLEAM
root-zone soil moisture data, and (bottom) the timescales yielding the highest Pearons r per
climate category.
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Vicente-Serrano et al. (2013)2 o} Ax3% A A e & FFo| 2Eo] wWZA RES3)
2E# 2o o3 1 s HAS e st WHHE w9 F&3 A Ae Aol #Y FEE
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713t & FFolu Y 2EdH 2o AGdE F e sty diAyFo] 7] Wl A&
HE 2EH 20N AAgo] vhgslE Ao E Kok o] A & FFo i vhgE el
S o FARSE digle] EE SPEI AR A YEiUs AL ddEHE TRt ESS
3 ETow A¥APE 2= AS=2 A5 71 Aot (Seneviratne et al.,, 2010). stAITF ET, &} E
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Figure 77. Spatial distributions of (top) the highest Pearson r (unitless) values between SEDI
and the GLEAM root-zone soil moisture data for 1980-2016 and (bottom) the timescales (7 )

yielding the highest Pearson r (month).
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Figure 78. Boxplots of (top) the highest Pearson r values between SEDI and the GLEAM
root-zone soil moisture data, and (bottom) the corresponding timescales per climate category.
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ErsRte] g@Aol Arjyl HEE SPEIY SEDIS| AMFRE AN WEC T 7}
BASe) 4B BA8) Fol Futel gtk Wed B Alole] ABEA HTE Fa Mg
e v ABAL AgHow mmsts Zo] 23l on v Figure 79 20114 8
Qe F A5 FUEEES WG aolth HAA FE FHOE WAF WUF /IE, FF
SR Aste AT gE olzmest AY, HAlo BRE, £F FUE FoA AT Fo g
Aol FEZI 49E ABEL BAT F Aok FL /HEA Y|4 SEDIE SPEIRTH =3
S 7% AR 7FES BASH=E ol SEDIF XE 54 mjRolth Eadv 2o I3 A
o] BYSE RE3 @4 BAY A4S SEDIE SPEIRT old] mE ¥ RES FZE a2

3T

] S
A ST A& oA W3le] i3 WZt=E SPEIX T SEDIVE A =7] wj&o] Kim et al
of o3k 7F&9] onset7hA] AAE F S AR KT

2010 el &9 7HEel onsete & O W3 gASHIL st x=go] ALFHUET
(e.g., Mo and Lettenmaier, 2015) o] oA AFA AtH 7ide] Flash drought (Otkin et
al. 2018)e]t}t. B4Rl 7HEe EA4 = g2A 27)o B38| wWEA WP = o] M &
To GFE FE AAE AFAUA FZrjolth. o E E0] 2018 SHard} PHoA A
A ZE Y 2 ddo] YA EYTES BAE SE2RT I wEA ntE2A
Ha ol HhgE| tr|FRaTEFS A9 IUIE JASsHA 8o AZ4s 49 Flash
droughtes A71&A o2 A&HE fif= 71E9 onsete] H7]= gtk (McEvoy et al, 2016;
Hobbins et al., 2016). o]¥1 Fefo] HEFAR] 7te< #AISH7] Sl A= SPEISH 2-& ol
N7gk 7hEAFE g s (Kim et al, 2019) 2L EYFEY t7|SRa+EF 5 2500 0gs)
Al ¥-&sh= SEDI9F 22 7HEAl7E o AAT U

P

SEDI®} SPEI %2 Standard Precipitation Index (SPI; McKee et al., 1993)2] A]7FH 54 o]
Ad#E7] YA E Aot SEakdo] EgF oz 7EA dZAF ook 3t} (Kyatengerwa et
al., 2020). Seneviratne et al. (2010)2 7, EUSTE, St Alo]o] AT HAAE NEFHo R
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Aol Z AT S0l FE dAEe ARoY e E
e TEUola EYTrES RN ddo] HAW T o] $ZAFH At
He A2 ] <8 di7|de] dFS ] il Bl 7P & ageln. wEtkA
i S8k B (ETD) Abolol Rt o] Uetys 32 7ot S84k 3 Alo] ¢
=22 AdAgo] mi F7 oty FHH o HEI 7| FoM FETE 715 Abole] HolA
ANA ol AHo] WHEE= Aol EAoltt (Koster et al. 2006). o1 SA o] ZetA Uetv=
ASE vl SHRAY, Bl 53FAY, A= AY, @hit=st FRY, a5 A9, 4
T of=g 7L, HEZ ol 4 JAIAYH ofxzg 7yt FEFE A Yolntt (Seneviratne et al., 2006).
AR 7 E2go] Ak oldd AYoA e SEDIZ 4 F5& FHL 5 dv Fol7] Wl
7he Al Sl SPEIY SPIEG A 2== A7t 2 & Aok
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Figure 79. A snap shot of soil moisture drought in Aug, 2011 identified by (top) SPEI and
(bottom) SEDI at the diverse timescales yielding the highest correlations to the GLEAM soil
moisture anomalies.
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©@ A EAFF-SPEI FHEH

TS FE AF9 Y TS e AT ESH EYAHA BAE A =7 H
ol (Brutsaert 2014) GRACE TWS$} SEDI®] A2 & oulE zHA &+t oo & A
olo & A#Ao] dojTHH EyHozE= EY Columne & AF

=
E%*—’Fv‘i‘iﬂ Wtk WZksitkE ofujolAY QIAAAE AT T gle FHd 7t
o Adiskel MFQE (20199 SPI, SEDI®F #&5FEAwete mlaloAE SE4kako] st
B A @2 AR UeRT. webx o] HiAdix = SPEI®F GRACE
Adts P I AAE Figure 800 Yebllth FaE GRACE TWSE F
HHslE VMo R sty FARAE AFEAFF|7] v AES #F ARE B+ FEvt
N FE AFoME AL ES 1HT 87t Uk

SPEI®} GRACE TWSS] 84S ofxzgl7}, AlotAlol, T AR AY T FE ofF Ax
g A oA froJstA] e FES FUI I o]9o] A Yol 4EdE F AR FRFHA
o} o] A= Long et al. (2017)9] XHAE g} GRACE TWS<te] vluwe} did o= H]I
o} Long et al. (20179 FY7FE HIlol A= ofZe]7l A HoA AR GRACE TWS At
olo & Aol7} WY 53| ARSIt A B, T BEREFYAA AEE] G2 AHEE B
ATt olo Htal feEfAlol BR AR, Folugl7l f9eA= GRACE TWSe} AW =xE 9
2ol A¥Es A9 Aol A Fo FHe dEE, 5349 wFAY, Fgol A Yo
A= GRACE TWS¢} SPEI= wi-¢- L#=HA UElyth 71§ 540 ©E daA s Hils &
HEH (Figure 10 top) =% 7|FHEH olF F&3 713704 vlud {Fo4 A Fadol
AE A & F A3 ofF AxT AYY Afde FYA ¥ FBATI FEE] we
Ao Z HAY Ot AT 4 295 ESTFES B4 AR 433 Zed ols
EF Column AA ALl 9&FS F+= 847 @A gIdsty] gEo 2 sddc) oA 23,
7)o HEARte®E E¢F Column AA A= e T WHIE APsr] o8 A9
o] Aedtes Loty AN 7+ 715 E AU AAATE ESTE EAAARY w3k3 o
W2 7)dHsAReRE TWS #stE 295 EYTEEY ¢ A%sr] 42 AY9E s

GRACE TWS A}olol Huj’d#o] Yel= SPElI A7tF2+= (Figure 80 bottom) GLEAM
EdTEde] A Aol vis) gz om A 2470E o]de U AR E7E vERd

Ade BA golA. ol FAY ANE EFY oyt PfAFF S LA A5 §F
o] gl A TWSe Wslr} m2{A7] WEolth. GRACE TWSshe] AaHEAIAE gAlol
2 9Fge e 1% AW nARNAe ATFEA HMaA § 21 Ao etk %

of 2 54& AvHd (F1gure 81 bottom) X3 7|FoA F&T 7|2 A5 AT

715X = Al AojA=
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Figure 80. Spatial distributions of (top) the highest Pearson r (unitless) values between SPEI
and the GRACE TWS for 2003-2017 and (bottom) the timescales (7 ) yielding the highest

Pearson r (month).
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Figure 81. Boxplots of (top) the highest Pearson r values between SPEI and the
GRACEroot-zone, and (bottom) the corresponding timescales per climate category.
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Figure 82. Anomaly Correlation Coefficients of the ESA CCI and the
Loah LSM-simulated soil moistures at the top soil layer.
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Figure 83. Anomaly Correlation Coefficients of the ECMWF
ERA-interim and the Loah LSM-simulated soil moistures at
the top soil layer (a) and the root-zone soil layer (b).
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Figure 84. Anomaly Correlation Coefficients of GLEAM
and Loah LSM-simulated soil moistures at the top soil
layer (a) and the root-zone soil layer (b).
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Noah LSMo. & ®R9O|st EIRBAgE Z TWSAS} TWSCS 4b4stH o, GRACE
TWSAe} o] 255 443 TWSCe} Bl 3l9 zZtzke] A @A FE Table 130 QoFste] A
AstF . TWSAS] -9, Murray-Darlingf49-& A &Jstis 0.70]7%9 493 2 FHATE

Hygorw, Amazonr&o] 0.832 2 /I HL S HYth TWSCE A A= HYEd),

LI
o,

Murray-Darling+< ¢] 0.53¢] @AT#eE 7F4 kA, Amazonfrge] 0.792 71 =2 4
BAF S BYPrh ol Xia et al. (2016)°] Noah LSME AM&3dte] mj= AAES 127

National Weather Service (NWS) River Forecast Centers (RFCS)A| & 0. & 1}30o] H] 3} 3=,
I TWSAS] 735 0.85(0.75-0.92)9] Axzk Bk tha v 3H0.80) 01t 1=y TWSCe 7%,
Xia et al. (2016)°] “F#A7F 0.66(0.47-0.86)¢] #t& Hof, o] A< FAA T £0.70)0]
04 2 A%4E By

Table 13. Correlation coefficients of the GRACE-observed and the Noah
LSM-simulated TWSAs and TWSCs.

The five selected basins TWSA TWSC
Yangtze 0.70 0.56
Mekong 0.79 0.72
Mississippi 0.80 0.70
Murray-Darling 0.54 0.53
Amazon 0.83 0.79

ZAe] ALo= ol AFoA MAFT 57 §HoA FluxNet, FluxCom, GLEAM,
ERA-5, GCRell 93 ZSahabgts} nlwste], A4 A4RH%ES Table 14l AASIAT ofvlE
qs ALstar oiF 2 w2 ABATE RYY. 53], Yangtze®o 3
Mississippif-& ol 4= Noah LSMoll 9§t Fd4t FA ko] 571 AAm <} AAAST7F 0.96R Y &

] =& #S 2AY. Mekong+< 3 Mu rray Darling <oA= AAAS7F 0.40-0.789] H <
5 HAt &% Amazon el ths] FE4F FAA O g AGEE JhAEtr] 1 At
Q% Ao F HAY
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Table 14. R*-values for the Noah LSM-simulated evapotranspiration and the fluxnet
(FluxNet and FluxCom) and other gridded (GLEAM, EAR-5, and GCR) ET.

Basins FluxNet GLEAM ERAS5 FluxCom GCR
Yangtze 0.96 0.98 0.97 0.97 0.96
Mekong 0.64 0.78 0.76 0.77 0.40
Mississippi 0.96 0.97 0.97 0.98 0.97
Murray-Darling 0.72 0.77 0.70 0.65 0.60
Amazon 0.003 0.001 0.01 0.006 0.02

g, d<dol gk Blale FluxNet?t ERA-50] AR & o]-&3to] 57 FollA Hlastsl e
o, Table 150 AAAFE K9kt FluxNety} ERA-5 =5, AA A7} Murray-Dalring &
I 22+ 0.933 0.94=2 71 =94t} FluxNet2 Amazon 99 AAAS7F 0.700.2 713
oy, ERA-59] 739, Yangtze §9olA 05602 7}4 wre AAAS S Bk 24k

Ael= B 24 AmazonfrgolAx ALl U AT UE FHEH v & KA
o}, o]e} o] FEAEOIY Fo wlelbA Noah LSMO &2 AHA3SH k=2 A =7l A SHA
oFokth thuk ESA CCIL, GLEAM, ERA-inerim E%48E 28 & Noah LSMo 2 A3 Eok

w3tAY GRACES] TWSAY TWSCE vl gt A= ofef A Hof 4

2R pl e
2 AAZ FgE Bof, o AT FHAY EYFES 8T o FAT e
SEE Ao

2
o MN Az

Table 15. R*-values for the Noah LSM-simulated sensible heat fluxe (SH)
and the FluxNet and EAR-5 SH.

Basins FluxNet ERA5
Yangtze 0.71 0.56
Mekong 0.79 0.69

Mississippi 0.78 0.87
Murray-Darling 0.93 0.94
Amazon 0.70 0.60
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Figure 85. Monthly soil moisture percentile for (a)-(c) Spring and (d)-(f) Fall. The first soil
layer (top) and the root-zone soil layer (bottom) in each pair.
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Figure 86. Weekly SMI at the extreme event monitoring web-service for East Asia: for (a)
the 34™ week, (b) the 37" week, () the 40™ week, and (d) the 43" week.
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Regression Coefficients for Mar Regression Coefficients for Apr Regression Coefficients for May
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Figure 88. Monthly trends of the weekly SMI for East Asia for (a)-(c) Spring and (d)~(f) Fall.
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BT Z33 A9o o|REENE SR 3 Ay BT dV|ek #HEE wolet o|REFEo|
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Table 16. Frequency rank of words in geotweets related to heatwave (10+)

Rank Word Count | Rank Word Count
1 HOT 130 18 summer 15
2 Efire #% 122 19 temperature 15
3 heat 69 20 Australia 14
4 Esun <. 67 21 cool 13
5 day 49 22 like 13
6 degree 42 23 yesterday 13
7 today 40 24 feel 11
8 weather 38 25 south 11
9 Sydney 28 26 sun 10
10 hottest 23 27 change 10
11 get 17 28 cold 10
12 go 17 29 Esmiling_face_with_heart-eyes & 10
13 one 16 30 Esweat_droplets &7 10
14 Esun_with_face = 15 31 new 10
15 heatwave 15 32 outside 10
16 It 15 33 still 10
17 record 15
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Table 17. Frequency rank of words in geotweets related to heatwave (10+)

Rank Emoji name Icon Count
1 fire: iy 122
2 :sun: 67
3 :sun_with_face: .43 15
4 :smiling_face_with_heart-eyes: g 10
5 :sweat_droplets: 54 10
6 :anxious_face_with_sweat: G 7
7 :downcast_face_with_sweat: 2 7
8 ‘high_voltage: 6
9 :smiling_face_with_sunglasses: e 6
10 ‘water_wave: # 6
11 :face_with_tears_of_joy: e 5
12 :grinning_face_with_sweat: i 5
13 :thermometer: - 4
14 :thumbs_up: L 4
15 ‘beer_mug: 4L 3
16 Joudly_crying_face: it 3
17 :OK_hand: o 3
18 :red_heart: N 3
19 :upside-down_face: (S 3

Esweat_droplets
feel E S u I I

E ‘F e hottest.
2 | 10 t
— As”Lﬁ#nfTeﬁ“a

&till

heatwave

degree

recard

Figure 91. Result of wordcloud analysis
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Figure 93. Results of geotweet frequency analysis by Australian
state: February 11-13, 2017
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dlo]E & Bag-ofword &Ej¢] TF-IDF (Term Frequency - Inverse Document Frequency) 7|¥ <
gEoted o]zl E7 < EY dEARE o]&siATh ol EF <igES yolH Hlo]x
(Naive Bayes) &a1g]€3 SVM €18l& ¥ /7S o=z g3ta vlu Hrlsch &
2]&2 python helH &gl Mo]zl#(scikit-learn)S ©]&3}e] TF-IDF, yolH wu|o]=Z, SVM
duEES THSATH

1Ak AFEA, YolB Hlo]2 ¢y FL A= 0,79, SVM &aglE2 0.822 e}
WrHTable 18). =3 2t S A=+ H = gaglFo]l FY2 0014 0.75, F
#2214 0.8322 YetEor, SVM €augEF2 Sl 0014 0.80, S 1014 0.845 =
A tHTable 19).

T dmeFe) v BriolA SVM dmelZe] Feld FR= o F Yol
Fo ARE Mol SWM YIFOE G453 UL oyne YA dueFo Ay

A
=

Table 18. Summary of confusion matrix of Naive Bayes algorithm

precision recall fl-score support
0 0.75 0.81 0.78 2585
1 0.83 0.77 0.80 3003
accuracy 0.79 5588

Table 19. Summary of confusion matrix of SVM algorithm

precision recall fl-score support
0 0.80 0.83 0.81 2666
1 0.84 0.81 0.82 2922
accuracy 0.82 5588
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Table 20. Analysis results of geotweets related to high abnormal temperature

events
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Table 20. continue
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Figure 94. Temporal change of Nifio 3.4 index and its related feedback index with OLR
and heat content anomalies. Thick red curved line indicates Nifio 3.4 index s and thick
green curved line indicates feedback index with (a) OLR and (b) heat content anomalies
from the composite of El Nifio event. In (a-b), vertical lines represents the spread of the
indices among ElI events. Orange colored square and triangle symbols indicate the
change of Nifio 3.4 and feedback index from January to December, 2019, respectively. (c)
Scatter plots of central Pacific OLR anomalies vs eastern Pacific heat content anomalies.
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Figure 95. Correlation coefficient of the number of extremely hot and (b) wet days with
Nifio 3.4 index from January to November and for summer and winter seasons. Cross
symbol indicates the correlation coefficient that is significant at 90 % level according to
a Student’ s t-test.
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Figure 96. Percentage of the number of grids with correlation coefficient that is greater
than 90 % significance level over each monitoring region. Cross symbol denotes the
percentage value that is greater than 30 %.
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Figure 97. Box plot showing anomalies of the number of the extremely hot days ranging
from the 10 percentile to 90 percentile for the El Nifio (red color), Normal (gray color),
and La Nifia (blue color) events in the six monitoring regions. Black dot indicates the
average of the anomalies over El Nifio, Normal, and La Nifia events. For calculating the
percentile values, we use anomalies at grid points in each monitoring region and in
December, January, and February.
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Figure 98. Box plot showing anomalies of the number of the extremely wet days
ranging from the 10 percentile to 90 percentile for the ElI Nifio (red color), Normal
(gray color), and La Nifia (blue color) events in the six monitoring regions. Black dot
indicates the average of the anomalies over El Nifio, Normal, and La Nifia events. For
calculating the percentile values, we use anomalies at grid points in each monitoring
region and in December, January, and February.
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Figure 99. Spatial distribution of (a) correlation
coefficients between the extremely hot days and
Nifio3.4 index and (b-c) the composite of the hot days
over the El Nifio and La Nina events in  winter
(December-January-February average) season. In (a),
correlation coefficients that are significant at 90 %
level are hatched in black and in (b), the black
hatches indicate the anomalies of the number of
extremely hot days have same sign for 70 % of El
Nifio and La Nifia events.
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Figure 100. Spatial distribution of (a) correlation
coefficients between the extremely wet days and
Nifio3.4 index and (b-c) the composite of the wet days
over the El Nifio and La Nina events in  winter
(December-January-February average) season. In (a),
correlation coefficients that are significant at 90 %
level are hatched in black and in (b), the black
hatches indicate the anomalies of the number of
extremely wet days have same sign for 70 % of El
Nifio and La Nifia events.
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Figure 101. Rank of the number of extreme (a) hot, (b) cold, and (c) wet day
from 1981-2019 for each calender month, and summer and winter seasons.
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Figure 102. (a) June-July-August (JJA), (b) zonal, and (c) meridional average of the number
of extremely hot days over the East Asian region. (c) time-series of area-averaged one

during summer season.
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Figure 103. (a) June-July-August (JJA), (b) zonal, and (c) meridional average of the number

of extremely wet days over the East Asian region. (c) time-series of area-averaged one
during summer season.

- 147 -



(T 20199 1-3 E7]9¥ o}eiAY ol 71 L 4 ¥E el B

@ 1&£710-39) ¥4 &4

i

19 539 NAHF o] YFE 1981ARE HA9} nlustd, 329 Ao 29
= o] o

2 J)12s g = (Figure 104a), 35 A& oA e U4 FE L 1981-20199 19 ol ne ¥
& Eel A WA EOF =g 7bg Ao, of AEel MEe dEuE ASIns dpe 7
%z, 3% gzozg Ay|¢t 3F F99 <ko] SST #Hxtel #eo] g= Aoz BALT
(Figure 104). 19 H 3 SSTS} 500hPa HEAAA 9} 2o EXo] BA=Y, E3] 33 Y
B zolo] SST Ha7F 1 909 TrAA a3t siA wadE A, 17U e o
78lsts feedback &S st QAR A7y Fasioh

m;‘xjmfw“ .

! '";e-‘%s

i | cw* *

.n_.x.&\ - 2 .-%

gy

‘=§ |

%

...
!

He)

NNNNNNNNNNNNNWM
i

Eopr

B F

e

i
o

Figure 104. (a) First EOF mode for the number of extremely hot days in January over the
period 1981-2019 and (b) the time series of the associated PC. Correlation patterns of (c)
SST and (d) 500 hPa geopotential anomalies against PC 1.
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Figure 105. (a) First EOF mode for the number of March extremely hot days in
the Australian region over the period 1981-2019 and (b) the time series of the

associated PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential
anomalies against PC 1.
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Figure 106. (a) First EOF mode for the number of February extremely hot days in the

North American region over the period 1981-2019 and (b) the time series of the associated
PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential anomalies against PC 1.
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Figure 107. (a) Vertical temperature anomalies averaged over 65° N-90° N from
01 Dec2018 to 28 Feb 2019 (taken from co-anal.kma.go.kr) and (b) Time series of
AO index in February, 2019.
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Figure 108. (a) First EOF mode for the number of February extremely wet days in
the East Asian region over the period 1981-2019 and (b) the time series of the
associated PC. Correlation patterns of (c) SST, (d) 500 hPa geopotential anomalies
against PC 1.
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Figure 109. (upper) EOF modes related to the number of extremely hot
days occurred in (a) the North Eurasia, and (b) the East Asia in April, 2019
over the period 1981-2019, (middle upper) the time series of the associated
PC, correlation patterns of (middle lower) SST and (ower) 500 hPa
geopotential height anomalies against the PC. The third EOF mode for the
North Eurasia, the second EOF mode for the East Asia are used.
Correlations being statistically significant at the 95% confidence level are
indicated in black contours.
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Figure 110. (upper) EOF modes related to the number of extremely hot
days occurred in (a) the East Asia and (b) the North America in May, 2019
over the period 1981-2019, (middle upper) the time series of the associated
PC, correlation patterns of (middle lower) SST and (ower) 500 hPa
geopotential height anomalies against the PC. The second EOF mode for
the East Asia and the first EOF mode for the North America are used.
Correlations being statistically significant at the 95% confidence level are
indicated in black contours.
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F1gure 111. (a) First EOF mode for the number of August extremely hot days in
the East Asian region over the period 1981-2019 and (b) the time series of the
associated PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential
anomalies against PC 1.

- 154 -



G0 G 30 G Y SN S 0

HE

oE oo
n “

H ?”

L AT S WL ST 4.9 E
Figure 112. (a) Third EOF mode for the number of August extremely hot days in
the East Asian region over the period 1981-2019 and (b) the time series of the

associated PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential
anomalies against PC 3.
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Figure 113. (a) First EOF mode for the number of September extremely hot days
in the East Asian region over the period 1981-2019 and (b) the time series of the
associated PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential
anomalies against PC 1.
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Figure 114. (a) Third EOF mode for the number of September extremely hot days
in the East Asian region over the period 1981-2019 and (b) the time series of the
associated PC. Correlation patterns of (c) SST and (d) 500 hPa geopotential
anomalies against PC 3.
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Figure 115. (a) Spatial distribution of anomalies and (b) second EOF mode for the
number of November extremely hot days in the East Asian region over the period
1981-2019, and (c) the time series of the associated PC. Correlation patterns of (d)
500 hPa geopotential anomalies against PC 3.
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Figure 116. (a) Total anomalies of (color shades) and zonal winds (vectors) in
November, 2019. (b) Trend anomalies of 500 hPa geopotential heights.
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Figure 117. (a) Spatial distribution of anomalies and (b) second EOF mode for the
number of November extremely hot days in the Australian region over the period
1981-2019, and (c) the time series of the associated PC. Correlation patterns of (d)
500 hPa geopotential anomalies against PC 2.
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Figure 118. Long term trend (per 10 years) of the drought index (SPEI1) in a) February, b)
May, ¢) August, and d) November for the 30 years (1981-2010).
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Figure 119. Time series (1981-2010) of the ratio (%) of grids of which
SPEIL is less than -1.5 in each region from January (a) to December
(). Dark blue, blue, light blue, light green, orange, and red lines
indicate Eurasia, East Asia, South Asia, North America, South America,
and Australia, respectively.
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Figure 120. The ratio (%) of grids of which SPEIl is significantly correlated with
a SST index at the 95% level from January to December. Correlation coefficients
are calculated based on the 30 years (1981-2010). The SST indices are a) PDO, b)
NINO3.4, ¢) SQOI (sign inversed), d EMI, e) IOBW, f) westNINO, g) IOD, h) NAO, i)
TNA, and j) TSA. Dark blue, blue, light blue, light green, orange, and red lines
indicate Eurasia, East Asia, South Asia, North America, South America, and
Australia, respectively.
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Figure 121. The ratio (%) of grids of which SPEIl is significantly correlated
with a teleconnection index at the 95% level from January to December.
Correlation coefficients are calculated based on the 30 years (1981-2010). The
SST indices are a) PDO, b) NINO3.4, ¢) SOI (sign inversed), d) EMI, e) IOBW, f)
west NINO, g) 10D, h) NAO, i) TNA, and j) TSA. Dark blue, blue, light blue,
light green, orange, and red lines indicate Eurasia, East Asia, South Asia, North
America, South America, and Australia, respectively.
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Figure 122. The ratio (%) of grids of which SPEIl is significantly correlated with
climate indices at the 95% level in East Asia from a) January to 1) December.
Correlation coefficients are calculated based on the 30 years (1981-2010).
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Figure 123. The ratio (%) of grids of which SPEI1 is significantly correlated with
atmospheric teleconnection indices at the 95% level in East Asia from a) January
to 1) December. Correlation coefficients are calculated based on the 30 years

(1981-2010).
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Table 21. Pattern correlation coefficients (PCCs) of each EOF mode in January. The
primary mode selected in each year is indicated in bolds and the total numbers of the
primary mode for each EOF mode are shown in the bottom line.

Year EOF1 EOF2 EOF3 EOF4
1981 -0.58 0.39 -0.03 0.17
1982 -0.82 0.01 0.33 -0.09
1983 0.36 0.17 -0.04 0.05
1984 -0.20 0.22 -0.42 -0.48
1985 -0.21 0.31 -0.15 0.03
1986 -0.54 0.21 -0.18 -0.07
1987 -0.33 -0.24 -0.03 0.02
1988 -0.28 -0.42 -0.12 -0.10
1989 0.33 -0.13 0.01 0.07
1990 0.27 -0.17 -0.28 0.14
1991 0.21 -0.12 -0.16 -0.35
1992 0.16 0.22 0.09 0.31
1993 0.42 0.19 -0.35 0.05
1994 -0.54 0.07 -0.18 -0.03
1995 -0.28 0.65 0.21 -0.07
1996 -0.32 0.14 -0.12 -0.26
1997 -0.26 0.03 0.06 -0.37
1998 0.37 0.13 -0.32 -0.51
1999 -0.12 -0.06 0.42 0.18
2000 0.29 -0.51 -0.28 -0.22
2001 0.17 -0.67 -0.05 -0.15
2002 -0.07 0.00 0.31 -0.18
2003 0.08 -0.25 0.18 0.02
2004 0.05 0.35 -0.07 -0.10
2005 -0.30 0.31 -0.13 -0.37
2006 0.01 -0.45 -0.08 0.32
2007 -0.02 -0.30 -0.17 -0.26
2008 0.59 0.39 -0.33 0.19
2009 -0.21 -0.40 -0.11 -0.16
2010 -0.03 -0.35 0.26 0.28
2011 0.30 -0.16 -0.29 -0.18
2012 0.31 0.62 -0.05 -0.06
2013 -0.25 -0.46 0.41 0.43
2014 -0.47 -0.18 0.17 0.25
2015 0.07 0.28 0.43 0.13
2016 0.59 0.11 0.03 0.05
2017 0.15 -0.08 0.51 0.63
2018 0.58 -0.16 -0.03 0.01
2019 0.33 0.42 0.38 0.45
Number of the 9 8 5 4

selected years
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Table 22. Pattern correlation coefficients (PCCs) of each EOF mode in July. The
primary mode selected in each year is indicated in bolds and the total numbers of the
primary mode for each EOF mode are shown in the bottom line.

Year EOF1 EOF2 EOF3 EOF4
1981 -0.40 0.20 -0.05 -0.03
1982 0.13 -0.24 -0.24 -0.12
1983 0.29 -0.41 -0.12 0.15
1984 -0.02 -0.29 -0.20 -0.09
1985 0.08 -0.05 -0.04 -0.24
1986 0.40 0.24 0.20 0.01
1987 0.46 0.12 -0.13 0.50
1988 -0.15 -0.45 -0.14 -0.14
1989 0.01 -0.30 -0.13 0.05
1990 -0.16 -0.17 0.44 -0.03
1991 0.52 -0.23 -0.02 0.14
1992 -0.16 0.14 0.28 -0.27
1993 0.05 -0.48 0.59 -0.02
1994 0.01 0.09 0.52 -0.52
1995 -0.11 -0.22 0.30 -0.41
1996 0.09 -0.24 0.44 0.22
1997 0.10 0.48 0.36 0.01
1998 0.10 -0.41 0.34 0.50
1999 0.26 0.15 0.30 0.27
2000 0.36 0.16 -0.30 0.01
2001 0.26 0.22 -0.09 -0.18
2002 0.44 0.21 -0.17 0.43
2003 -0.04 -0.61 -0.06 -0.12
2004 0.14 -0.01 -0.27 -0.01
2005 -0.06 -0.27 -0.35 -0.15
2006 0.01 0.20 0.27 -0.19
2007 -0.07 -0.14 -0.20 -0.05
2008 0.03 0.14 -0.33 0.07
2009 -0.13 0.19 -0.31 0.09
2010 0.04 -0.10 -0.49 -0.20
2011 -0.14 -0.10 -0.38 0.00
2012 -0.38 -0.16 0.13 0.44
2013 -0.52 -0.25 -0.26 -0.25
2014 0.03 0.48 -0.16 -0.06
2015 0.02 0.62 0.23 -0.24
2016 -0.44 0.12 -0.09 -0.31
2017 -0.22 0.62 -0.16 -0.06
2018 -0.47 0.15 0.19 0.34
2019 -0.18 041 0.09 0.30
Number of the 7 8 5 4

selected years
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Figure 124. a) SPEI index and b) monthly anomalies of 500 hPa geopotential height (color)
and horizontal winds (arrows) in February 2019.
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b) PC4

o) EOF4, 6.1% (PCC= 0.56)
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Figure 125. The primary EOF mode of the month, b) its principal component (PC3), c) SST
anomalies and d) 500 hPa geopotential height anomalies in February 2019. Red and blue
contours indicate significantly positive and negative correlation regions (at the 95% level)
between PC3 and SST in ¢) and between PC3 and 500 hPa geopotential height in d),
respectively. The period for correlation is the 30 years from 1981 to 2010.
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Figure 126. a) SPEI index and b) monthly anomalies of 500 hPa geopotential height (color) and
horizontal winds (arrows) in May 2019.
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Figure 127. The primary EOF mode of the month, b) its principal component (PC3), c) SST
anomalies and d) 500 hPa geopotential height anomalies in May 2019. Red and blue
contours indicate significantly positive and negative correlation regions (at the 95% level)
between PC3 and SST in ¢) and between PC3 and 500 hPa geopotential height in d),
respectively. The period for correlation is the 30 years from 1981 to 2010.
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Figure 128. a) SPEI index and b) monthly anomalies of 500 hPa geopotential height (color)
and horizontal winds (arrows) in August 2019.
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a) EOF3, 6.9% (PCC= 0.64) b) PC3
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Figure 129. The primary EOF mode of the month, b) its principal component (PC3), c) SST
anomalies and d 500 hPa geopotential height anomalies in August 2019. Red and blue
contours indicate significantly positive and negative correlation regions (at the 95% level)
between PC3 and SST in ¢) and between PC3 and 500 hPa geopotential height in d),
respectively. The period for correlation is the 30 years from 1981 to 2010.
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Figure 130. a) SPEI index and b) monthly anomalies of 500 hPa geopotential height (color) and

horizontal winds (arrows) in September 2019.
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Figure 131. The primary EOF mode of the month, b) its principal component (PC3), c) SST
anomalies and d) 500 hPa geopotential height anomalies in September 2019. Red and blue
contours indicate significantly positive and negative correlation regions (at the 95% level)
between PC3 and SST in ¢) and between PC3 and 500 hPa geopotential height in d),
respectively. The period for correlation is the 30 years from 1981 to 2010.
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Figure 132. a) Precipitation anomaly (mm/month) in the third week (10th-16th) of August,
2019. The black box in a) is the extreme precipitation region. b) Histogram of the
precipitation anomalies averaged in the extreme precipitation region from -2 week to +2
week for the 39 years (1981-2019). Y-axis represents count and X-axis is precipitation
anomaly (mm/month). The dashed bar indicates the target event.
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Figure 133. Weekly anomalies of 850 hPa geopotential height
(m) in color and horizontal winds (arrows) in the third week
(10th-16th) of August 2019.
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Figure 134. Weekly anomalies of 850 hPa geopotential height (m) in the a) two-week before,
b) one-week before and c¢) the week of the extreme precipitation event (10th-16th of
August, 2019). d), e), and f) are the same as a), b), and c¢) but of the analogous cases. Dots
in (d), (e), and (f) indicate statistical significance at the 95% level. Black box in c) represents
the analysis region of analogous geopotential height pattern.
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Figure 135. a) Precipitation anomaly (mm/month) in the second week (7th-13th) of
September, 2019. The black box in a) is the extreme precipitation region. b) Histogram of
the precipitation anomalies averaged in the extreme precipitation region from -2 week to +2
week for the 39 years (1981-2019). Y-axis represents count and X-axis is precipitation
anomaly (mm/month). The dashed bar indicates the target event.
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Figure 136. Weekly anomalies of 850 hPa geopotential height (m) in
color and horizontal winds (arrows) in the second week (7th-13th) of

September 2019. Black box

represents the analysis region of

analogous geopotential height pattern.
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Figure 137. Weekly anomalies of 850 hPa geopotential height (m) in the a) two-week before,
b) one-week before and c) the week of the extreme precipitation event (7th-13th of
September, 2019). d), e), and f) are the same as a), b), and ¢) but of the analogous cases.
Dots in (d), (e), and (f) indicate statistical significance at the 95% level.
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75 D. EfIE2] El JSON =

‘created_at':'Thu Nov 21 07:03:43 +0000 2019',
'id':1197410242767642626,
'id_str':'1197410242767642626",
'text':'"APCC’s Executive Director and 15 researchers attended today’s #Korea-#ASEAN
#WomeninSTEM Forum held in #Busan, Kore:-- https://t.co/v7yeEPOw2h',
‘truncated':True,
'entities':{
'hashtags':|
{ 'text':'Korea', 'indices':[ 62, 68 | },
{ 'text':"ASEAN', 'indices':[ 69, 75 ] },
{ "text":'WomeninSTEM', 'indices':[ 76, 88] },
{ 'text':'Busan’, 'indices":[ 103, 109 ] }
I,
'symbols'[ ],

'user_mentions':[ ],

'urls':[
{
‘url':'https://t.co/v7yeEPOw2h',
'‘expanded_url':'https://twitter.com/i/web/status/1197410242767642626",
‘display_url':"twitter.com/i/web/status/1---",
'indices':[ 117, 140]
t
]
|3
'‘metadata':{ 'iso_language_code':'en', 'result_type':'recent' },
'source':'<a href="http://twitter.com/download/iphone" rel="nofollow">Twitter for
iPhone</a>",

'in_reply_to_status_id":None,
'In_reply_to_status_id_str':None,
'In_reply_to_user_id':None,
'In_reply_to_user_id_str':None,
'In_reply_to_screen_name':None,
‘user':{
'id"':2678340798,
'id_str':'2678340798"',
'name':'APEC Climate Center',
'screen_name':'apcc2l’,
'location':'Busan, South Korea',
'description':'Enhancing the socio-economic well-being of member economies by

utilizing up-to-date scientific knowledge and applying innovative climate prediction
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techniques',
'url':'http://t.co/]JHe3EpRNnj',

'entities':{
‘url'{
'urls':[
{
‘url':'http://t.co/]JHe3EpRNnj',
'‘expanded_url':'http://www.apcc2l.org/’,
‘display_url':'apcc2l.org’,
'indices’:[ 0, 22 ]
t
]
|3
‘description':{ 'urls"[ ]}
|3

'protected':False,

‘followers_count':257,

‘friends_count': 150,

'listed_count':6,

‘created_at':'Fri Jul 25 01:31:40 +0000 2014',
'favourites_count':12,

'utc_offset':None,

'time_zone':None,

'geo_enabled':False,

‘verified':False,

'statuses_count':540,

'lang':None,

‘contributors_enabled':False,
'is_translator':False,
'is_translation_enabled':False,
'profile_background_color':'CODEED',
'profile_background_image_url':'http://abs.twimg.com/images/themes/themel/bg.png’,

'profile_background_image_url_https':'https://abs.twimg.com/images/themes/themel/bg.png’

'profile_background_tile':False,

'profile_image_url':'http://pbs.twimg.com/profile_images/537606488114470912 /JuEmS-gH_nor
mal.png’,

'profile_image_url_https':'https://pbs.twimg.com/profile_images/537606488114470912/JuEmS-

gH_normal.png’,
'profile_banner_url":'https://pbs.twimg.com/profile_banners/2678340798/1426828128",
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'profile_link_color':'1DA1F2',
'profile_sidebar_border_color':'CODEED',
'profile_sidebar_fill_color':'DDEEF6',
'profile_text_color':'333333",
'profile_use_background_image':True,
'has_extended_profile':False,
'default_profile':True,
'default_profile_image':False,
'following':False,
'follow_request_sent':False,
'notifications':False,
translator_type':'none’

|3

'‘geo':None,

‘coordinates':None,

'‘place':None,

‘contributors':None,

'is_quote_status':False,

'retweet_count':1,

‘favorite_count':1,

‘favorited':False,

'retweeted':False,

'possibly_sensitive':False,

'lang':'en’
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Figure E1. Analysis results of geotweets written in
Korean in South Korea: (a) whole geotweets (b)

heatwave- and weather-related geotweets

- 213 -



	4. 아시아태평양 지역 이상기후 분석 및 감시 기술 개발
	책갈피
	_Ref9958326



