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Executive Summary

The development and consolidation of downscaling methods for user-friendly climate
information provide daily weather scenario grid data and high-resolution grid data based on
APCC seasonal probabilistic forecast on a watershed scale.

A grid Weather Generator(WG) model was constructed to produce high-resolution grid
data that is highly useful for seasonal forecast based climate impact assessment. The grid
WG model was developed by extending the sub-model of the multi-site WG model to the grid
model, and the reproducibility of the climate characteristics was evaluated. In particular, it
was confirmed that it has an advantage in reproducibility when compared with the method of
obtaining grid data through interpolation of multi-site data. This means that the grid data
produced by the grid WG model provides more reliable weather variable values for ungauged
sites. Also, spatial patterns of precipitation and temperature are more apparent than
multi-site data, which is useful for sectors requiring watershed-based weather variables such
as water resource management.

By applying the multi-site downscaling method to APCC seasonal forecast, the process of
producing downscaled climate forecast information was presented, and the usefulness of the
produced information was evaluated. Climate indices were defined as seasonal scale indices.
The probability distribution of the index was obtained by calculating the climate index value
of a large amount of scenario data produced by the seasonal forecast downscaling method,
and interpreted as the forecast of the climate index in the coming season. We evaluated the
accuracy of the prediction and the adequacy of the forecast uncertainty expressed in the
probability distribution. Seasonal frost days, Seasonal growing season length, and seasonal
heating degree day showed high accuracy.

The database of high-resolution rainfall grid data was constructed for high-quality climate
information services in East Asia. Long-term (30 years) data were constructed using infrared
sensor of geostationary satellite (GridSat B1), TRMM satellite Level 3 TMPA, and GPM IMERG
equipped with dual radar. Using the ground observation data, the error-correction of satellite
precipitation data was performed by the cross-validation method. All evaluation measures
except detection probability are significantly improved than before error correction.

The downscaling of observed data provided more accurate extreme climate information at
the ungauged point. The accuracy of the extreme climate index was evaluated based on the
error-corrected satellite precipitation data (daily/0.1° ). The downscaled satellite rainfall grid
data in East Asia, which lacks observation points, is highly applicable to long-term climate
research, hydrology, and agriculture. Besides, as a result of calculating the 10-, 50-, 100-,
and 200-year probable rainfall, it is considered that there is the resilience of extreme climate
information of high-resolution grid data (error corrected precipitation grid data).



Seasonal forecast is a major basis for climate services, but is spatially low resolution and
has low availability and limited use due to monthly average climate-based information. In
reality, the demand for downscaled climate information related to extreme climate is
increasing in the public sector, and downscaled seasonal forecast data are needed for proper
climate impact prediction in specialized sectors. To meet these demands, the development of
seasonal forecast downscaling method overcomes the limitations of current seasonal forecast
services and serves as the basis for more advanced forms of services.

Satellite imagery-based high-resolution rainfall grid data has the most considerable
significance in that it can provide reliable climate data for regions without long-term climate
data in the Asia-Pacific region. Long-term climate data is essential for most climate
application fields, and research and projects are difficult to perform unless high-quality
climate data are available. Because of this, providing 30 years of precipitation data not only
plays an essential role in promoting research and projects based on climate data but also
could conduct a variety of application studies considering the spatial advantages of grid data.
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Figure 1. Annual cyclic oscillation (upper panel) and deviation (lower
panel) of TMAX(®C) at a site for 1988-1990. The annual cyclic oscillation
is static, whereas the deviation is dynamic and stochastic. Note that the
deviation oscillates around 0. It supports that the annual cyclic oscillation
is interpreted as the annual cyclic mean temperature.
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Figure 2. Annual cyclic mean temperatures at all sites
under consideration. They are viewed as functions of
Julian day. Their variation is characterized by the
unimodality and level.
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Figure 4. Spatial coherency of temperature deviations. Strong
coherencies appear in both plots. It means that simple interpolation
is successfully applied to the gridization of multi-site deviation.
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Figure 5. Comparison of simulated (black line) and
observed (blue line) daily precipitation amount
distribution. Gamma distribution is well fitted to the
observation. The  difference is  effectively
represented by the ratio of quantiles as seen in the
bottom-right panel.
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Figure 6. The plot of absolute value of
logarithm of the ratios (log ratio) against
KS test statisticc. The log ratio is
approximately proportional to KS statistic.
It means that the ratio represents the
distributional difference well.
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Figure 8. Comparison between simulation and
observation values of correlation coefficients for
all pairs of sites. For each point, x-coordinate and
y-coordinate  values indicate simulated and
observed correlation coefficients, respectively. As
the points get closer to the dashed line, the
spatial correlation is better simulated.
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Alste] 2874 7ol AHER A7 A FE AHEta o

Table 1. Seasonal climate index for temperature

Seasonal
climate Definition Unit
index
Number of seasonal frost days: Seasonal count of days when Tmin
SFD ) o day
(daily minimum temperature) < 0 degC.
$SD Number of seasonal summer days: Seasonal count of days when d
a
Tmax (daily maximum temperature) > 25 degC. Y
Number of seasonal icing days: Seasonal count of days when Tmax
SID ) ) day
(daily maximum temperature) < 0 degC.
STN Number of seasonal tropical nights: Seasonal count of days when d
a
Tmin (daily minimum temperature) > 20 degC. Y
Seasonal growing season length: Seasonal count between first span
SGSL of at least 6 days with daily mean temperature Tavg > 5 degC and day
first span of at least 6 days with TG < 5 degC.
SXTX Seasonal maximum value of daily maximum temperature: degC
SXTN Seasonal maximum value of daily minimum temperature: degC
SNTX Seasonal minimum value of daily maximum temperature: degC
SNTN Seasonal minimum value of daily minimum temperature: degC
STN10p Seasonal Percentage of days when Tmin < 10th percentile %
STX10p Seasonal Percentage of days when Tmax < 10th percentile %
STN9O0p Seasonal Percentage of days when Tmin > 90th percentile %
STX90p Seasonal Percentage of days when Tmax > 90th percentile %
Seasonal Warm spell duration index: Seasonal count of days with at
SWSDI . . day
least 6 consecutive days when Tmax > 90th percentile
Seasonal cold spell duration index: Seasonal count of days with at
SCSDI ) ) ) day
least 6 consecutive days when Tmin < 10th percentile
Seasonal daily temperature range: Seasonal mean difference
SDTR ] ] degC
between daily Tmax and Tmin
Number of seasonal tropical nights: Seasonal count of days when
STN25 ) ) o day
Tmin (daily minimum temperature) >= 25 degC.
SHD Number of seasonal heat wave days: Seasonal count of days when p
a
Tmax (daily maximum temperature) >= 33 degC. Y
Seasonal cooling degree day: A measurement designed to quantify
SCDD day

the demand for energy needed to cool buildings. Threshold = 24
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degC

Seasonal heating degree day: A measurement designed to quantify

SHDD the demand for energy needed to heat buildings. Threshold = 18 day
degC
SMHD Seasonal maximum length of heat wave days: maximum number of d
a
consecutive days with TX (daily maximum temperature) >= 33 degC. Y
SSHII Seasonal simple heat wave intensity index degC/day
Seasonal cold surge days: 1) When the minimum temperature is
SCD lower than 10 degC from the previous day and is below 3 degC and d
a
is lower than seasonal normals. 2) When the minimum temerature Y
is expected to last more than 2 days below -12 degC.
Table 2. Seasonal climate index for precipitation
Seasonal
climate Definition Unit
index
SRxlday | Seasonal maximum l-day precipitation mm
SRxbday | Seasonal maximum b5-day precipitation mm
SSDII Seasonal simple precipitation intensity index mm/day
SR10mm | Seasonal count of days when PRCP > 10mm day
SR20mm | Seasonal count of days when PRCP > 20mm day
SR80mm | Seasonal count of days when PRCP > 80mm day
Seasonal maximum length of dry spell: maximum number of
SMCDD ] ) day
consecutive days with PRCP < 1mm
Seasonal maximum length of wet spell: maximum number of
SMCWD . ) day
consecutive days with PRCP >= 1mm
SR95pTOT | Seasonal total PRCP when RR > 95p mm
SR99pTOT | Seasonal total PRCP when RR > 99p mm
SPRCPTOT | Seasonal total precipitation in wet days mm
SRD Seasonal count of rainy days when PRCP > 0.1 mm day
b A& B PEE
ARZIFA G QSR F8ES ASBE=S EGAY 53 AHAAG B4 1Hg
ot E3], =A== A Ao Z=(point prediction) HE =9}t AF AT H =g TRl H

_’lé_



A 3k

=

=

s

ok Al o

= 8=z 49

2 dz

1

BA

V4

|

A

|

/%_11

249

CASE M

=

=

© Hq

different

but
Since the blue prediction has

bias,

day

it is more informative

_‘|7_

Z€E1r0

= = T T YW
u Q woH - =
ﬂ_.m Ty T o
o= o b

X _O_‘:,._U

) 3 grzs

i oo X
mqwm R
2 rriy
HTE._ Of,ﬂm_ﬂﬂog
Ly A e
a_-z_v AE.._‘W‘Ol

Moo X Ht@ﬂagdl
ST 5 ke
V_/Aﬁﬁm \vM .Mr% = H°

T < SRR O
LR 5 R
- m = mﬂuwumﬂLﬂLe

X Nr o»m T B ﬂ_rﬁhw_z @
AZe % zf=id 3
£ 8 o o & 0 g
s - 9 i R A 3
aE R = PR 2
B =) = ~ B W T &
_ 3yl - T T 2
e [ ~ o 2
1 . \rﬂﬂj Ot,HT__x m_
Mo - R I

| & A s 15

M o _ Mz ol =)
BN g g
T - = IR Y
eyl = M R o L =) ‘o 2o oo wo w0 w0 wo  ooo
1__1_ o) _ w_ ﬂmo m.o ,m _- Aysuaq qoid
o 4 S REZ& )
X @ B N

z .-
Yo e
| ~ d
= — m T o5
T N o wr mp o
Q.LHEM ,.ﬂPzT
- EE g W
2o ~ E w_m_an‘_ﬂE
nan %a%_,@\_lﬂo
o O Ho U
25 g G
= |

W AE F N WK R

Figure 10. Two Predictions for MAM frost
days. The red point is the actual value.

less uncertainty,
than the other.

Both have
variances.



ASAH K} HAAFS wid Watr] wfiel hindcast 71%Fe] Zb ajmith A=
P H(average of MSE, AMSE)& == 1123t} 3hx|RE, AMSE % el &t 4
o], o] Fx9 43K normalizing)gE A =T A-TTAF o FoA A-AS] A
otstr] 984 Weigel et al. (20072} o] climatologyE 7]¥HeE o =9 A 5S
(baseline) 2.2 Fr+=t}. Climatolgy 7]1¥F AR 7| & X o =] AMSES AMSE, 2l 3}, =
o=

O.u
ru>_4
)

N

ﬂ, HN O.u
Noox o2 e
_Bi of & ¥ fo

AMSE

AMSE ratio = AMSE,

[10]

T =252 20} AMSE ratio®] o]l 1Bt Fow AddZ 7|6l A-7 SR
d=AHRB7t AaAo] Qa, 0o M2 Ay =)

AFHCE 7|%E Q% AFE AYsHA HAAY F Ae AdASBEI TF 2789 dF
S0, FHECEY AF, BE ALt 245 w3 AR AWA oo Aedar Hd
of nla] Zojd 7heAdd dAe]l At o7 BHAA AALAS 7Hke] AA-T|EAF A=A
B7F f@dA e driy AEotE okt wkeF AAT| SR AARE o7 55 AF
stohal st 49 YAgkhigh threshold) o & A, z>as & Ais=AE BTG o] H
$-ol, d &t olR(binary)F e =, TRUE: x> a; FALSE: z <qa°]al d&FS 93] AAstE
53 4 FERITXE B=2s Xo U8 FE Pr(X>a)E AT 2>ad W Pr(X>a)o]
FI1 WE <o Wle I FE0| RT5F PSS F sk Aotk ARAL AgEY
=52 ROC 3¢ AUC(area under curve)E <t} 28], AUCEES LAIFE ol &8 o
o, AR EAGF7E 45 AFT Aol 49l 2520,1510%0] EAFE dAFOE Fol
AAEE AUCS] F7gk(median)S A FZQ =52 23, W E 2242 I3 FAdE= 3
9 BEd EATE JAMSE Fo] B2 WHoE Z2E ARG FE3ko] 05K a9
A-S7Ie] @A 7 AEaA 0] AL, 19 7MteSE BE=7T =0
Q@ EFHA 538 AHAFHAR H7}

UM Aw DFESAR0l, ARV FAF dSHERE FEZTERE FoIAI ol BH EF
A4S XFF Aot g4 AFA = FIrelAM p=Pr(X>a)& Ateted, Fel 9
e AAZIEAF fol oF 9 FECIth BEAUY ®do] HA3tHH, FE po ARz
2 ds A7 24T Zlojth o diHo g, B4 FF Add H7he= Figure 11044

7} gle] AT F AAGre] dS5E FERZERE BI FEYOFT B F JUEItE

_18_



1983 1984 1985 1986 1987 1988 1989

i
!
i

15 20

! ER i & : & ER 8

: : i : :

‘ | ‘ | I N EI | ‘ o : |
E 7 E =1 E * ] i E 21 1 :

: - ; : ; a : e E

10

Figure 11. MAM frost days prediction (boxplot) and actual values (red points) for 1983-1989. Is
each red point sampled from the corresponding distribution?
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Figure 12. The qgplot for u-values of MAM frost
days against uniform distribution. As the blue
area gets larger, the uniformity is weaker.
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o] FHol Hof Qom, Zhzke] FuE Hui go| AFel Hu AUk
.ng

i F7FA QL ARFANA 9, A=gA dAR, izl gk 2429

I8t Aot

Agse o8 7HA Wt SAS 7HAA o, o] 71A toolsell oJsf ARE ¢il F&
A 9 15|

T don, gEso= ncdump HHAAE AEA 7} 7Hesith A + e AR
o3 ZtHTable 3).

rlr m?ﬂ

Table 3. Variable of Gridsat data

Name Dimensions Purpose
Primary CDR Variable

The nadir-most infrared window observation

irwin_cdr lat-on

rwin 2 lat-lon or When two satellites overlap, this layer provides the
irwin_
sparse second-best observation(based on view zenith angle
When three satellites overlap, this layer provides the
rwin 3 lat-lon or third-best observation(based on view zenith angle). This is
irwin_
sparse useful for reconstructing the entire view for a particular
satellite
irwin_vza lat-1 Provided to allow wusers to reverse the view zenith
at-lon
_adj correction for the irwin_cdr variable.
irwvp lat-lon The nadir-most infrared water vapor observation.
) 5 lat-lon or When two satellites overlap, this layer provides the
irwvp_ . . .
sparse second-best observation(based on view zenith angle)
vschn lat-lon The nadir-most visible channel observation.
hn 2 lat-lon or When two satellites overlap, this layer provides the
veshn
sparse second-best observation(based on view zenith anglel)
o The packed satellite index value(provides information for
satid_ir lat-lon L . .
both the irwin_cdr and irwin_2 variables).
o lat-lon or L . .
satid_ir3 The satellite index for the irwin_3 variable.
sparse
] The packed satellite index value(provides information for
satid_wv lat-lon . . )
both the irwvp and irwvp_2 variables).
] The packed satellite index value(provides information for
satid_vs lat-lon

both the vschn and vschn_2 variables).
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Gridsat#t &+ NOAA CPC(Climate Prediction Center)®] 4km 1djAd%= ZHX]F HLQxjd =}
59} vl=ekARE CPC A& 7F 2000078 AlZbste] A 7bA] AlFEH L 7] Wzl o] 7]1%ke]
k5 TRMMASE &87153H7] witol 713te] HA A &= 1988t B TRMM A5 o]
Q1 1997 @7}A] Gridsat A5 & o] &35l th. CPCA &2} Gridsat A= oF2] =fo] -2 olg] Table
4ol YERH ST

Table 4 Comparison with Gridsat and CPC gridded data

Gridsat CPC-4km
S = 8km 4km
Az Y = 3N ZE 30+
Al A 7N, 571, 29 % 2]
HH T L EF 40GB 45GB
A5 7)1%k 1980-3 =) 2000-31 =)
ojm = g4 AA A
A ZF AHUTO) A e AAE Ho YA &+
A= netCDF Hlo| 4 g

it A2 1980 thzell dAbE JE GMS Algjze] FAARES] A%H FEH
ahatell B o] GMSAEE 2000 th A 74| o] &7HsakH, 2000t FHklE Y4B A A=
Ao BAAT R wl= GOES9de] #4d<e sobrolz olediA AaE AHHoR o] 8o
7bestsith. o] % MTSATS8 ¥ @A) 24t AA A= Himawari 9|40l sobrot #52 A%
shar glom, g=rolAl= 2010d ] dEjok BAAE S0l Aso® WAES wdFol At
AT BAAE 214410 GEO-Kompsat-2A% o] 43211 Ak 20199 7€ dded< 5

H A5 E AFstal Aot (Figure 14).
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A Geostationary Equator Coverage

F T ssi
————__ Missin
SM§:1 Navigation

Time
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-180 -120 -60 0 60 120 180
Longitude (°)

Figure 14 Geostationary satellite coverage of
Grisat 1b data by time series

Gridsat At8+ netCDFe] Zwio w2 WERIE = HEA, HS
olgfe} o] Zt o] 9|, I A, missing e ARE & 4 9oH,
T F4 dag el s Aoz WHIkE o AHAAEA
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File "GRIDSAT-B1.1985.01.01.00.v02r01.nc"

dimensions:

time =1
lat=2000
lon=5143
sparse3ir=1
sparse2vs =1
sparse2wv =1
sparse2ir = 97885
Ngeo=2
StrLen=50

variables:

sbyte irwin_vza_adj(time = 1. lat = 2000. lon = 5143}
:coordinates = "lon lat"
:long_name = "Adjustment made to all IRWIN channels for view zenith angle effects”
units = "Kelvin"
:comment = "Original_temperature_observed = variable(IRWIN) - variable(IRWIN_vza_adj)"
:scale_factor=0.25
:add_offset =-10
:valid_range = System.Int16[]
:missing_value =-1
:_Fillvalue =-1

sbyte satid_ir3(sparse3ir = 1)
dong_name = "IRWIN_3 Satellite Index (packed)”
walid_range = System.SByte[]
wariable = "irwin_3"
:comment = "The SATID_IR3 value corresponds to the index for the satellite variables (SATLAT, SATLON, SATRAD, SATNAME). It derives from the sate
{Usage = "The SATID can be used in conjunction with the sub-satellite latitude and longitude to determine satellite view and azimuth angles.”
Unpacked = “14 is missing”

int sparse3ir(sparse3ir = 1)
dlong_name = "Coordinate for compression by gathering (if used)”
:«channel = “irwin_3"

Gridsate] AYAd AEE irwin_cdr IE T3HY, 55 x AT VZA(view zenith
angle) Aol & A5 2 wlEe (5143 x2000)A} 5. ©] T},

short irwin_cdr(time = 1, lat = 2000, lon = 5143)
Jong_name = "NOAA FCDR of Brightness Temperature near 11 microns (Nadir-most observations)”
:standard_name = "toa_brightness_temperature”
:coordinates ="lon lat"
:units = "Kelvin"
:comment = "Nadir-most observations”
:scale_factor = 0.01
:add_offset = 200
wvalid_range = System.Single(]
:missing_value =-31999
:_Fillvalue =-31999
:Note_A = "Calibration correction of Knapp (2007) applied before VZA correction.”
:Note_B = "The IRWIN_CDR data have been View Zenith corrected using the Joyce (NCEP) algorithm”
tintergeo_cal_flag=0

Figure 152 1985 1€ 1¥ 00(UTC) 1lum =% FGoE VZARAH FAAso|H. &
A F=2= 7N e F4 dandgEs AL ool A&kt gtz A3

W YuYFS ALse] Bk A A9 F54FL 4E343 DBE FHIHA
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NOAA FCDR of Brightness Temperature near 11 microns (Nadir-most observations)
time = 1985-01-01 00:00

90°s I 1 1 I i i 5 i
180° 150°W 120°W 20°W 60°W 30°W 0 30°E 60°E 20°E 120°E 150°E

T T T
4200 4800 5400 6000 6600 7200 7800 8400 9000
NOAA FCDR of Brightness Temperature near 11 microns (Nadir-most abservations) (Kelvin)

Figure 15 Brightness temperature of Gridsat image at
January 1, 1985

) ANAH BFARAE AP

ofAlote]F of A sHE AT ARARE TF] st AAHAZEE A
HE ©x13 TRMM $4¢ Level 3 TMPA AXAAEE 1998 H-E 20143 7L71A] A&5E
AstHa FEd oIy E gA1g GPM IMERG AAALEE 2014@ 8¥ 2018W7HA] A& F3
o 10km=Z 254A8t FEF5A T A7IFEODAEE FF3517] Hstd 1998 ol A s+
AAAE AQAA ARE o8t FARE AET AT AAAEAEAER] CGridsat=
55 NOAA Hydro-estimator, GMSAR(GOES Multispectral Rainfall Algorithm)e] 7§ 7454

L

roo 4y

daPEFS AL FNEAZHKST) dAFA5EE A4kstath. Hydro-Estimator(H-E) it
2] 52 NOAA GOES #14de] RHOIHE o] &sta] s F4st= WRolth. NOAA/NESDIS
o] /1= IFFA(nteractive Flash Flood Analyser)”71®< 1970W@HH dF-+YstHA 20023 F-H
BEAAO R £ 7] W&ol Ha 7] WEel H-E €ugF2 AAAE AsE oA
B2 Wst=d w83t H-Ex @A @oly 7|t e d=g JELEE o83t Un
7S =PW)et diisset AE 59 BREARE o8&t HAIH 724 J=L&9
goly el 68008 2S o= off o IF|4or &St V| rds ST

RR=1.1183%10"exp (— 0.036382 7% )
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RRE  ZaFeom @ mm/holth.  NCEP(National — Centers for — Environmental
Prediction(NCEP)2] NAM(North American Mesoscale) =@ o] 717340 23t F =2

o} g Eol mE A=2=9k AdeFe] Aolrh 7] wEel e Ed dus=E o185t
o 7|88 ®»AYsHA Aot (Figure 16).
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Figure 16 Adjustment functions in the Auto-Estimator using function of
precipitable water, brightness temperature-rainfall relationship
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visible zjd 2] WkAL=Zko] VIS > 04Xt} =3 & particle size7} 15um}2. 0+ =31 chll-ch6.72]
gtol mholy 2 gholx chlle] 3=} 230kETh 22 71&S w5 w) g-g4d o)A

() AN FrAqAxs ASEH

AN ArAAase] AgdS AGAHSAE1988-2018'd &< 1270 ASOS L3=r#
7)o} Hlwste] Hrlsldth AFESE HUlE=%+ COR, RMSE, PBIAS, & X]&E(Probability of
Detection, POD), 2 X &(False Alarm Ratio, FAR), A4 & A 4~(Critical Success Index, CSD©]
t}. COR, RMSE, PBIASS A &2 AF e, HFASE, LEE, YAATATE AFH SAZFS
omgitt EAgE, LB &, YAXTATE Ao+ ot Table 53 2t

Table 5. Definition of POD, FAR, and CSI

Index Equation Best value Range
Probability of Detection (POD) HIT/(HIT+MISS) 1 0~1
False Alarm Ratio (FAR) FALSE/(HIT+FALSE) 0 0~1
Critical Success Index (CSI) HIT/(HIT+MISS+FALSE) 1 0~1

Q) L= FrAARAR 2181 A 7|0 Ad

D ABA 71| AHE3 A s

< W3 =S A G ez AdAGste] Pt 717dH
oA Al-Fgstes AGTSAES} TSI o R A7]7H1988-20181) F<F AAHe 1A=

h 1A 71

exRA 71WM& Geographical Ratio Analysis (GRA)E 7|¥to g 73ttt GRAE A4+
BT AAHPAE 2] vlE(th)S FUHRENA Z AR Y FrEs A AR
o] #H wleo] Foz Adx wWyoltdk (Duan and Bastiaanssen, 2013; Laurent et al., 2013).
Figure 172 22274 7149 AAA] £AEE HoFa Jot 221 A o] u/fisy FAHL
2221 2(1988-2018'd Sk 557) ASOS A7 A )E ALEste] SaEtdch wAHZ
(5-fold cross-validation)= AF&3le] v/l HF-E FA 3T

i me b
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SRE(Satellite Rainfall Estimate) Rainfall observation
| (Daily, 0.1°) (Daily, Point)
Grid Point
PRﬂw_SRE Pﬂbs.
I |

|
¥

Difference ratio between SRE and observation data

Point

Point Point
Pratio =Pops. /P Raw_SRE

v I

) T Point Grid
Grid Multiplying Interpolation Pg_,;, oP,...

P
Raw _SRE IlSillg IDW

4

Final error-corrected SRE
Grid

PEC‘_SRE

Figure 17. Flowchart of error-correction method

() 284" Fraqxas AU

oRAH BrAAATe] AFPS 2 4BE27(1988-2018 S 127] ASOS U7k
AB)sk vt AEIAT F 64 WSEE MR AFL FPHYY. exuyD
ArAAARS] AFL g B FaAFAT

A7 earRge] Ag=E yeld 5 = #H7FS55(COR, RMSE, PBIAS,
1 &(FAR), ?Jﬁl*é%xl—r(CSD)% d7sko] ASOS 5571 el thal WS <

i nAHASES F3 A FHrEEE 49 S5FVery Good, Good, Satisfactory,
Unsatisfactory) 0.2 y-ro] BAH A5 H7HE 333

iii ZFAAAR] AY F ARASE BRI, AM 2 ABAF FEAT L AHMAD R
A FHFBE L NG

ARAE FFARARSY ¢FEE Boh ARFH R JF5Hr] s m el AL
A8Fd 71 AAAEE BASAT FWdAE dEH R F77]391 B AE A A ek
qE o]l g3led AR AAEE 4AEsSteE daEE MY 2 4SS FYsta Utk @A
Z18AEE FEe=H AT 2Ho] BFoA Aol =T8N A AikskE ARE
o] AFollA A4 7| F A5 9} vl Er) o= AV Atk FF HAAE 71¥F ECVs(Essential
Climate Variables)& T%& Fdsl7] vl 7|FAES Hsrdd 524 F&E F+

o A A8 YEE e R QA FrA AR s ek
e At vttt AAAR R AHARE YA G B
(Very Good, Good, Satisfactory, Unsatisfactory)e] A2
LARABE FFARARTE o= gl siEetA= BHEste] HFHQ 84S HAFSATH
Table 6= Anjum et al. (2018); Brown (2006); Changming Li et al. (2018); Condom et al
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(2011); Fang, et al. (2019); Mahmoud et al. (2018); Wang et al. (2017); Zhu et al. (2018)¢] A
57;]];(4 A Hrt 71L&

21\1

A DY AR

BAY 2o EAAN Ao

[e)
7} ¢4 £3&(Good) oS &

s,

B0

At AT 271&
Z(Satisfactory) 2.2 @F= Ao = MHASATE H7}
W HWe Zlegs vaste Ao

N

1=
ASE Aoz

Table 6. Statistical performance evaluation criteria for high-resolution gridded
precipitation.
Performance Evaluation Criteria
Statistics
Very Good Good Satisfactory Unsatisfactory
COR COR = 0.9 0.8 < COR< 0.9 0.7 < COR <0.8 COR <0.7
RMSE(mm) RMSE < 10 10 <RMSE < 20 20 < RMSE < 30 RMSE >30
PBIAS(%) |PBIAS| < 5 |PBIAS| < 7.5 |PBIAS| < 10 |PBIAS|> 10
POD POD> 0.8 0.6 < POD <0.8 0.5 < POD <0.6 POD <0.5
FAR FAR < 0.3 0.3 <FAR < 04 0.4 <FAR < 0.55 FAR >0.55
CSI CSI = 0.6 0.54 < CSI <0.6 0.3 < CSI <0.54 CSI <0.3
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2. LHAE BEAR 284 Ho}

QD) X =E BA=AE 78 B5EARAE
(b CPC A&

CPCAEE AZBASARE 7N E SAW IdATAEE A4HA
A4 #FZA 5+ GTS(Global Telecommunication System), COOP& & X35l thefsh A8 & <
Aste] AT GTSA RS B2 HEtddl A GTS HESHAE F31 ZPEE- -Zrl LA 9}9—‘34,
NOAA/CPCAA LZFAEE A5t HolEu|o]~E
dolt #SA 5 RAdAgk s 5351y -rﬁ H
Morphmg technique)®] ZAxstdE  0.25° AFA= o] %3}%1, 29 NOAA NCEP

FdHE ol o] &=

CFS(Global Forecast System) 6A1%F 2+ 1.0° < H/ﬁ‘: AEE o] 83lH
CFAAYE Ase dAEHATFAR AAE gt HF4AEHEY A4EE AsSE FHEAE

0.5° A=/ =(720x360)0= 1979 F-E AA7tA 713te] A5 E AFst Aok CPCAEE A
FHZol el ofzElztet dSddAE AR AT OE Al Hls|A HoAH, oA
AdBSARS A3 ASA Y Foll wet Skt 3d -2 NetCDF A5 = AFstal 9l
gL 92 precip.yyyy.ncZ @A AEE A&t} (Figure 18).

J

o

PRCP_CU_GAUGE_V1.0GLB_0.50deg.Inx.20120811.RT
CPC_UNI_ precip

30w 0 30E 60E 90E 120E 150E 180 150W 120w 90W 60W 30W

0.1 1 ) 10 20 30 50 75 100 150
Figure 18. CPC precipitation gridded coverage at August 11, 2018
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(1) APHRODITE #=

APHRODITE(Asian Precipitation Highly-Resolved Observational Data Integration Towards
Evaluation of Water Resources)= 50'd%te] AJH#ZARE o] &3t d4-¢ AAAEE ofA
of AL YT ARE HEHL Us DHNE AAARE J1FYR o] JEARE

Z-&st7] Hsto] Aaksia okFigure 19).

APHRODITE: PR: 20070620

daily precipitation analysis interpolated onto 0.5deg grids [mm/day]
1 J 1 1 | 1 | I 1 1 | ! 1 J L 1 l 1

60N —

30N —

Figure 19. APHRODITE daily rainfall data at August 20, 2018

Age AN CZ VIIOIRIAZEZ &5 ofAlo} A3 529 9 Ao} A Yo ot =b
22 05° ¢ 0.25° o FEAE dATFARERE FAEY At AE 717H2 1951E FH 2007
QA7lA Aa 2 A F3cH(Table 7).
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Table 7. APHRODITE current version precipitation data

Name Domain Resolution Period
) 60°E-150°E, . . )
Monsoon Asia(MA) . . 0.5  and 0.25", daily 1951-2007
15°'S-55'N
) 20°E-65°E, . . )
Middle East(ME) . . 0.5 and 0.25°, daily 1951-2007
15S-45'N
) 15°E-165°E, . . )
Russia(RU) . . 0.5 and 0.25, daily 1951-2007
34'S-84'N

APHRODITE monsoon Asia Precipitation datazxl&+ 1951 dFH 2007d 12€ 31€471# <
AEAzg ATFASEAE AE 60° E-150° E, 9= 15° S-55° o] AHIYAZ A1
0.5°,0.25° o Frad = A= NetCDF 29e] oY =2 AF3rh. Figure 20 A3#SAS
2 Yehy wxide A9 AAA=zg, 293HS GHCN(Global Historical Climatology
Network), CDIAC(Carbon Dioxide Information Analysis Center), NCAR-DS(National Center for
Atmospheric Research Data Archive), NCDC(National Climate Data Center), FAO(Food and
Agriculture Organization of the United Nations), GAME-T(GEWEX Asian Monsoon Experiment
Tropics data center), MRC(The Mekong River Commission), ECAD(European Climate
Assessment & Dataset)At&o]w, &1L GTS(Global Telecommunication System)e] Z42t%
A=A wlo]Elolh,

i el iy " 18] ple ] 13 T&a" 1 Ll by re]
& )
" e R T R a1 B
"|=."' - i__ "-""T'.".T_r'hff-'.}?' Chesy
P TN L e I e
R T
n et -
b1y 20
0 s}
-_;-'| ?I:l
] 1 n)

Figure 20. APHRODITE domain of current products

(th CHIRPS A&
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CHIRPS(Climate Hazards center InfraRed Precipitation with Stations)AtZ+= AHA| A=
A e} AFBAZAT BHAS 5359 daily ARE AY4F ATty do F=7|He
FE 20159 11€97kA] AEZ netCDF, binary, tife] ZWlo g AR5 E AFst ot F=H 9
& -180° ~180° , 1= 50° N ~ 50° S¢] A5 ASHIAE F&fEE 0.25 X 0
o A5+ A CHIRPO 1471w 433} CHIRPS prelime] CHIRP3 GTS A 4#ZA5 2
A5, CHIRPS finalAt5 2 2E X d#AZSAs BA F-FS HEo AFsioh

NFRokel] QoA FLABE ANBEAE, A4/ F9AE, ARNARE Bol 0§D
S+ & o2 CRU(Climatic Research Unit) A&7} 1.2, Harris et al(2013)

B o] o) AEET 05° o s Ee Monthly AEE  AFHCTE YAV
CHIRPS(Climate Hazards group Infrared Precipitation with Sations) daily #}&, CMORPH NOAA
71 FA SAE oA A&7 A%, Persiann-CDR Fo] 2o g o]&H1 Ut AEHAR=
ERA-Interim (Euopean Center for Medium-range Weather Forcasts ReAnalsis Interim)e] 25km
7] 347 ADAAES 74 ARE 1974d%E A8S st A A3 Fo|t (Table
8. 47 Ave g4 Wt AFARI JFEoklA Wol AFET Y& CHIRPS,
PERSIANN 28 & o] &3ttt

o
Y
o3
i
AN
N
f

Table 8. Reanalysis, gauge, satellite data for climate research

1 CPC Unified Climate Prediction Center (CPC) Unified Gauge 0.5°* Global Daily 1979-present  Xie et al. (2007),

Chen et al. (2008)

2 CRU Climatic Research Unit (CRU) Time-Series (TS) Gauge 0.5° Global Monthly 1901-2014 Harris et al. (2013)

3 GPCC Global Precipitation Climatology Centre (GPCC) Full Data Reanalysis ~ Gauge 0.5 Global Monthly 1901-present  Schneider etal. (2014)
and First Guess

4 PREC/L PRECipitation REConstruction over Land (PREC/L) Gauge 0.5° Global Monthly 1948-present  Chen et al. (2002)

5 UDEL Unive of Delaware (UDEL) Gauge 0.5° Global Monthly 19012014 Matsuura and Willmott (2009)

6 CHIRPS Climate Hazards group Infrared Precipitation with Stations (CHIRPS)  Gauge, satellite 0.05° 50° N-50°S  Daily 1981-present  Funk et al. (2015a)

7 CMORPH CPC MORPHing technique (CMORPH) Gauge, satellite  0.25° 60°N-60°S  Daily 1998-present  Joyce et al. (2004)

&  GPCP-1DD Global Precipitation Climataology Project (GPCP) 1-Degree Daily Gauge, satellie  1° Global Daily 1996-2015  Huffman et al. (2001)
(1DD) Combination

9 GSMaP-MVK Global Satellite Mapping of Precipitation (GSMaP) Moving Vector Gauge. satellite  0.1° 60°N-60°S  Hourly 2000-present  lguchi et al. (2009)
with Kalman (MVK)

10 IMERG Integrated Multi-satellitE Rewricvals for GPM (IMERG) Gauge, satellite 0.1° 60°N-60"S  30min 2014-present  Huffman et al. (2014)

11 PERSIANN-CDR Precipitation Estimation from Remotely Sensed Information using Gauge. satellite 0.25° 60° N-60"S 6 hourly 1983-2012 Ashouri et al. (2015)
Artificial Newral Networks (PERSIANN) Climate Data Record (CDR)

12 TMPA 3B42 TRMM Multi-satellite Precipitation Analysis (TMPA ) 3B42 Gauge, satellite 0.25° 50° N-50"S 3 hourly 1998-present  Huffman et al. (2007)

13 MERRA-Land Modern Era Retrospective-Analysis for Research and Applications Gauge. reanalysis  0.5% % 0.67°  Global Hourly 1979-present  Reichle etal. (2011)
(MERRA )-Land

14 PFD Princeton global meteorological Forcing Dataset Gauge, reanalysis ~ 0.25° Global 3 hourly 1948-2012 Sheffield et al. (2006)

15 WFDEI WATCH Forcing Data ERA-Interim (WFDEI) Gauge, rcanalysis ~ 0.25° Global 3 hourly 1979-2014 Weedonet al. (2014)

16 NCEP-CFSR National Centers for Eavironmental Prediction (NCEP) Climate Reanalysis 0.3125° Global Hourly 1979-2010 Saha et al. (2010)
F stem Reanalysis (CFSR)

17 ERA-Interim E ‘entre for Medium-range Weather Forecasts ReAnaly sis Reanalysis 0.25%¢ Global 3 hourly 1979-2014 Dee etal (2011)

A-Interim)

18 JRA-55 Japanese 55-year ReAnalysis (JRA-55) Reanalysis 1.25° Global Jhoury  1959-preseni  Kobayashi et al. (2015)
19  CHOMPS Cooperative Institute for Climate Studies (CICS) High-Resolution Satellite 0.25° 60° N-60° S Daily 1998-2007 Joseph et al. (2009)
Optimally Interpolated Microwave Precipitation from Satellites
(CHOMPS)
20 SM2RAIN-ASCAT  Based on Advanced Scattcrometer (ASCAT) data (Brocea et al., 2016)  Satellite 05° Global Daily 2007-2015  Brocea etal. (2014)
21 CMAP CPC Merged Analysis of Precipitation (CMAP) Gauge, satcllite,  2.5° Global 5 day 1979-present  Xie and Arkin (1996, 1997)
reanalysis
22 MSWEP Multi-Source Weighted-Ensemble Precipitation (MSWEP) Gauge, satellite,  0.25° Global 3hourly  1979-2015  This study
reanalysis

CHRPS 754 <d1ueglE #A Ase AG#ASA 5 DEM AR 94 FA#ks ol &
sle] CHPclimAIEE 4F&sla AAALE A9 Jrerge
TRMM-V77-9-8 7|bto 2 3#AS 2&3a b0, blAFIS A3t RP A4S oe ¢
o} 4kE% CHPclim 7§33kl RP2] Alztol|l w2 w3k
"ot o7)el] AGAZHE
&3t} (Figure 2D).
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Air Temp & weather
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Figure 21. Flowchart of CHIRPS retrieval rainfall algorithm

CCD(Cold Cloud Duration)& z+z+e] ZAe] pentad 7]17+5¢F A9 £&7) 235° KR AL 3
ANEZE Fola AAAEHAF 2 A7, 2e Y99 TRMM-V7AlA A&t daily 2535k
o] 3 A4S 531l b0, ble] Al ALrstA ©oh (Figure 22).
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Figure 22. Function of regression for CCD and
TRMMv7 rainfall data
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FTP 4+ chg-ftpout.geog.ucsb.edu/pub/org/chg/products/CHIRPS-2.0/°] ™, CHIPRSA} S ©]<]
ol g7}, Fdotw g7, AAF Ao g A5 AFsta o, ehourly, daily, dekad,
monthly, pentad 5 A9 2 A7t =S 28 3o AEE A FFolth

africa_6-hourly Africa subset 6-hourly fields at 0.1 degree resolution. Special binary format.
africa_daily Africa subset daily fields at 0.05 and 0.25 degree resclution. Bil's and TIFF's.
africa_dekad Africa subset dekadal fields. BIL's, PNG's and TIFF's.
africa_monthly Africa subset monthly fields. BiL's, PNG's and TIFF's.
africa_pentad Africa subset monthly fields. BiL's, PNG's and TIFF's.

camer-carib_dekad Central America/Caribbean subset dekadal fields. BIL's and TIFF's.
camer-carib_monthly Central America/Caribbean subset monthly fields. BiL's and TIFF's.
camer-carib_pentad  Central America/Caribbean subset pentadal fields. BIL's and TIFF's.

diagnostics Various data/plots giving more detail about CHIRPS processing and results
docs CHIRPS related documents.

EAC_monthly East African Community monthly fields. BIL's and TIFF's.

EAC_monthly_EWX East African Community monthly EWX fields. TIFF's.

global_2-monthly Quasi-global 2-monthly fields. TIFF's.
global_2_EWX-monthly Quasi-global 2-monthly EWX fields. TIFF's.
global_3-monthly Quasi-global 3-monthly fields. TIFF's.
global_3_EWX-monthly Quasi-global 3-monthly EWX fields. TIFF's.

global_annual Quasi-global annual fields. NetCDF's and TIFF's.

global_daily Quasi-global daily fields. NetCDF's and TIFF's.

global_dekad Quasi-global dekadal fields. BlL’s, NetCDF's and TIFF's.

global_dekad_EWX Quasi-global dekadal fields. TIFFs.

global_monthly Quasi-global monthly fields. BIL's, NetCDF's and TIFF's.

global_monthly BEWX  Quasi-global monthly fields. TIFF's.

global_pentad Quasi-global pentadal fields. Bil's, NetCDF's and TIFF's.

prelim Quasi-global Rapid CHIRPS with 2-day lag. GTS and Conagua (Mexico) stations only.
whem_daily Western Hemisphere daily fields. TIFF's.

lo

HEAZE RAFEY daily AEZ AZFLE 3659 AAFH Y1 YAE FPL 1440x 4008 2
2 25kme] AN EE 7HAA Bk @9E mm/dayolH A= HRE ATk AR
£ dally AEZ A= AFe} 2o] 1440x400FE =2 25kme] A As)dxe HEE AFE,
B ZEe -99992 HAIETE 9 EE -50° S~50° Noj1 AEE -180° ~180° o|th Y&

mm/day ©. & A 3-H o}

o2l O}ﬂr

(2}) PERSIANN-CDR

PERSIANNZL S &= A7]3HY] 7]3d T 7 2A5E JIFAS7IMe o83ty fdxm 7|8t
ST 0.25° o2 1983dHE dAA/A dAFARE AMEst Ao AeHSrINe
Gridsat-1B A <]z12dS 7]Hko & NCEP(National Centers for Environmental Prediction) stage4
NUABFARE AFAS7IHOE stgsle] d3FA8E A48t GPCP(Global Precipitation
Climatology Project) €73FA8E ©]&3le] BAgt} (Figure 23).
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PERSIANN System “Estimation” Products

Hourly Global Precipitation Estimates

" Global IR A A N : A 7 s =
e s -_-fr“""_.'.'_.'...‘ ,’!
0 e s R e o i o i_ ‘1
& — (g Sl i - KA
Q : P Y ¥
3 L A
= High Temporal-Spatial Res. o ToTe ~ - — e —
- Cloud Infrared Images
D
= PMW
o Wy (Rwm, NOAA, DWSP Satelies)
Hourly Rain Estimate
:”M w H.ouri.'_.\; Ra.ln Rares
Figure 23. Flowchart of PERSIANN-CDR rainfall algorithm
@ 1= ASAE A Hrt I
LHYE AAAR(CABYD FEAAARE ARGl A 208 TV FHRE B
@ 5 otk gebd wAFE BEARI FHIFHLE Aok} BAYEAE AFse] A g
H W FASL TR FgRe BANL AZH) A8 Ed ATSE A
(Table 9F iAoz Fwr]Fe Bdd 71FA5104, 509, 1009, 2008 N 545
& Qusie) BIARUSS 121 AY 4D Gt M ) gREE PAge 3
FAR B4 AL A5 AT AAARS] FUAHREE BF 01° 2 5YsA HAF
Bt
Table 9. Gridded data used for resilience evaluation of extreme climate information
Gridded data Description Period Resolution
Satellite image based precipitation gridded data
EC_SRE with error-correction using station precipitation  1988-2018
data
precipitation gridded data based on station
CPC . 1988-2018
precipitation data
precipitation gridded data based on station
APHRODITE itat dat 1988-2007
precipitation data 0.1°/daily

IDW interpolated precipitation gridded data using

ASOS-IDW 1988-2018
55 ASOS
Kriging interpolated precipitation gridded data
ASOS-Kriging Bing wterpoiated precip 8 1988-2018
using 55 ASOS
PERSIANN Satellite image based precipitation gridded data 1988-2018
CHIRPS Satellite image based precipitation gridded data 1988-2017
FU/F B NFAFE AT FERFEFS SAT AN e A5l
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3. 21}

7t AAAS AAY A Zle A A

1988-2013 &<t FEAY 1971 #FAH ] ASOSAEE o] &3l AA WGEEHES FF3t
Aot Figure 242 #ASAA AA(FH)<} f‘é"ﬂ A A AR (S-S UERT €, 97]
FAH, AR o]Fofx BE 2 2 Aol dald 759 BP0 = 500708 A =
AAEE At 2-71-Q)H A A FrhdAS A &stATh. =3, Brte] ARdS gE
sk7] a8, AR Mg AEsE IAZ 7R (Ginverse distance weight method, IDW).2.

ZAEAZ A g i E 22 HUPEA S A&, =9 AR vugit offjolA 7 7

TEQEE ADE AN

lm

Grid system (0.05 dag)

T
120.0 128.8 128.0 129.8

Figure 24. ASOS station location (left) and the grid system (right,
resolution: 0.05° x0.05° ) used for this study.

D L3+ AdP B7HE S

zolot A= T LA BAvE 4 Aol wek Aatdt A3 Table 10914 AAlE A
2ol dgadHed OE o7k FEHAM %31 53 H7F BN A BT gl 2o

Ax) Aol ASun] 18wz Jojroldn. vt =, ANHARG diFdo] Bol &)
d we AASA meldu. HuAHom JdAeFe] #Fun 134z JiRodEn. FrE
Al, Table 1128 A1 GAsF 2At52] DWHIIE 79| Fd3 Ad4de et
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Table 10 Average mean ratios on the AWS stations for
each case of month and monthly wetness (BN: drier
than normal, NN: Near normal, AN: wetter than
normal). When monthly wetness is BN, the daily
precipitation amount is over-simulated.

Month BN NN AN Average
Jan 1.54 1.33 0.96 1.28
Feb 1.91 0.91 1.17 1.33
Mar 1.34 1.04 0.94 1.11
Apr 1.58 1.12 0.95 1.22
May 1.82 1.11 1.08 1.34
Jun 1.62 1.37 1.12 1.37
Jul 1.30 1.25 1.08 1.21
Aug 1.54 1.17 1.07 1.26
Sep 2.86 1.18 1.01 1.68
Oct 2.43 1.66 1.03 1.71
Nov 1.23 1.36 0.91 1.17
Dec 2.56 0.86 0.89 1.44

Average 1.81 1.20 1.02 1.34

Table 11. Comparison with the IDW interpolation of multi-site downscaling data
in terms of daily precipitation amount reproducibility. The IDW interpolation
reveals essentially same performance.

BN NN AN Average
Grid WG model 1.81 1.20 1.02 1.34
IDW Interpolation 1.81 1.17 1.01 1.33

, QAT T AEAS AT AR HUre A5 AAST) Table 122
4 Eq. [8]o14 #AAI® MAES] HFS A 1 23, BE3 JSHd A
& 7 = B AZH = QAo Bt AZHLE ¥
7F A& AAEdd], o] Wl FIHEHe] nlAHAA(on-stationarity)e] A A veEld Aztz
& %)
3

2

[e]
Az o g A3, Table 13914 AAE ZAY Az WGE
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Figure 252 74 dsad87} NN?I 3¢ 8 37} EOFR= & vl Aotk A5 270
2= 747t basin-wide9} dipoleF el 2 FHHFo 2 ST 4 i, BS5 2ol n- ¥
7} w¢- fAbeek 3+, Figure 26 ZF 99 38 27) EOFRE9] X =9 AHES e
O d5adE BNe 1245 Al9st A WA REo) dAEs ANtHoR 2 Wb F
WA 2= 43 degadHd mel AEVE gEn dAZ o, A s52E dAR
7F mokAl= Al Ao

Table 12. Average MAE of correlation coefficient differences between observation and
simulation of daily precipitation on monthly wetness.

DJF MAM JJA SON

Dec Jan Feb | Mar Apr May | Jun Juu Aug | Sep Oct Nov

0.101 0.099 0.102 | 0.065 0.640 0.058 | 0.061 0.070 0.06 | 0.074 0.082 0.090

0.101 0.062 0.064 0.082

Table 13. Comparison with the IDW interpolation of multi-site data in terms of daily

precipitation spatial correlation reproducibility. Grid WG model has better performance
than IDW interpolation.

DJF MAM JJIA SON Average
Grid WG model 0.101 0.062 0.064 0.082 0.077
IDW Interpolation 0.133 0.085 0.091 0.111 0.105
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Figure 26. Consistency and variation portion of the first 2 modes for month and
monthly wetness. Overall, the consistency of the first mode is fairly good expect
Dec with monthly wetness BN, meanwhile, that of the second depends on month
and monthly wetness. As monthly climatic state is wetter, the consistency gets

higher.
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TMAX TMIN
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Figure 27. Average mean differences of observed and simulated temperatures of
ASOS stations on monthly warmness. Overall, the distribution of TMAX is better
reproduced than TMIN.

Table 14. Average mean differences of observed and simulated TMAX on the ASOS stations
and monthly warmness.

DJF MAM JJA SON

Dec Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov

07 08 064 | 053 073 086 | 077 071 057 | 049 070 0.64

0.76 0.71 0.42 0.61
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Table 15. Average mean differences of observed and simulated TMIN on the ASOS stations

and monthly warmness. The mean difference is smallest in JJA.

DJF MAM JJA SON
Dec Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov
117 115 099 | 099 109 115 | 056 057 0.63 | 091 136 1.19
1.10 1.07 0.58 1.15

Table 16. Comparison with the IDW interpolation of multi-site data in terms of TMAX
distribution reproducibility. Grid WG model has better performance.

DIF MAM JIA SON Avg.
Grid WG model 0.76 0.71 0.42 0.61 0.63
IDW Interpolation 1.10 0.90 0.96 0.83 0.95

Table 17. Comparison with the IDW interpolation of multi-site data in terms of TMIN
distribution reproducibility. Grid WG model has better performance.
DJF MAM JJA SON Avg.
Grid WG model 1.10 1.07 0.58 1.15 0.98
IDW Interpolation 2.06 1.42 0.84 1.85 1.54
@ €712 FH AQH BrHas
d7)o gk IR AEAHE 3-7H-Q)-o A A HISEA T Tables 18-19% 247t o
Harl e dHA 7|2 dis] FB3AS 2] MAEE AAG AdH, dE5HTGE AL, 4=
A7 Rt dH 7)o F7HH AAAo] Yt} Tables 20-212 tA A A3 229
DWRZH vlad o, AH/H A7 2o 5] MAE 71Zo2 T o A% 99 FHa
I AAAE Holx ot A, Flgure 28+ 474 E 7t BNOl 6%01] EH‘&M 4 FHA 7]
yd.%_*r EL-O/] o] =9 =]
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Table 18. Average MAE of correlation coefficient differences of between observation and
simulation of TMAX on monthly warmness.

DJF MAM JJA SON
Dec Jan Feb | Mar Apr  May Jun Jul Aug Sep Oct  Nov
0.020 0.021 0.022 | 0.029 0.043 0.049 | 0.066 0.052 0.056 | 0.041 0.047 0.021
0.021 0.040 0.058 0.036

Table 19. Average MAE of correlation coefficient differences between observation and

simulation of TMIN on monthly warmness.

DJF MAM JJA SON
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
0.079 0.058 0.066 | 0.074 0.078 0.097 | 0.101 0.081 0.122 | 0.047 0.048 0.082
0.068 0.083 0.101 0.059

Table 20. Comparison with the IDW interpolation of multi-site data in terms of TMAX spatial

correlation reproducibility. Grid WG model has better performance than IDW interpolation.

DJF MAM JJA SON Average
Grid WG model 0.021 0.040 0.058 0.036 0.039
IDW Interpolation 0.045 0.095 0.112 0.095 0.087
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Table 21. Comparison with the IDW interpolation of multi-s

ite data in terms of TMIN spatial

correlation reproducibility. Grid WG model has better performance than IDW interpolation.

DJF MAM JJA SON Average
Grid WG model 0.068 0.083 0.101 0.059 0.078
IDW Interpolation 0.094 0.143 0.198 0.122 0.139
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Figure 28. Consistency of the first 3 EOF modes
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of TMIN for June with

monthly warmness BN. The first and second modes are interpreted as

basin-wide and dipole type variations, respectively
fairly almost perfectly simulated.
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Figure 29. Consistency and variation portion of the first 2 modes of TMAX. Overall,
the consistency of both modes are very good.
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Figure 30. Consistency and variation portion of the first 2 modes of TMIN. The
consistency of both modes are almost perfect for every case.
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Table 22. Averages mean ratios of monthly total precipitation on the AWS
stations for each case of month and monthly wetness. When monthly wetness is
BN, the monthly total precipitation is most over-simulated.

BN NN AN Average
Jan 2.28 1.72 1.49 1.83
Feb 3.77 1.42 1.69 2.29
Mar 1.70 1.55 1.29 1.51
Apr 1.69 1.37 1.11 1.39
May 2.711 1.39 1.05 1.72
Jun 1.97 1.89 1.43 1.76
Jul 1.62 1.28 1.10 1.33
Aug 1.80 1.29 1.15 141
Sep 3.83 1.49 1.08 2.13
Oct 4.62 2.92 1.28 2.94
Nov 2.21 1.41 1.00 1.54
Dec 3.97 1.63 1.31 2.30
Average 2.68 1.61 1.25 1.85
IDW Interpolation 2.69 1.57 131 1.86

Table 23. Average mean difference of monthly average temperature on ASOS stations and
monthly warmness.

DJF MAM JJIA SON

Dec Jan Feb | Mar Apr May | Jun Jul Aug | Sep Oct  Nov

0.80 088 0.70 | 0.63 0.67 0.66 | 052 058 056 | 065 085 0.74

0.77 0.65 0.55 0.75
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Table 24. Comparison with IDW interpolation of multi-site data in terms of monthly average
temperature reproducibility. Grid WG model outperforms.

DJF MAM JJA SON Average
Grid WG model 0.77 0.65 0.55 0.75 0.68
IDW Interpolation 1.38 0.79 0.65 1.16 1.00
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Figure 31. AMSE ratios and ROC scores (AUC) of seasonal climate indices for 4
seasons. For every season except JJA, all of the seasonal climate indices reveal
accuracy in terms of point prediction and risk alarm.
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Figure 32. AMSE ratios and ROC scores (AUC) of seasonal climate indices for
JJA. Seasonal climate indices related to temperature do not have accuracy,
meanwhile, some of those related to precipitation reveal accuracy.
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Figure 33. The prediction accuracy change of the seasonal climate indices
according to lead time. For every season except JJA, most of the indices do not
exhibit significant decline of accuracy. In JJA the indices reveal obscure
accuracy change.
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Table 25. Average CVM on the ASOS stations and average pass number (Avg
Pass) of the seasonal climate indices.

Seasonal Climate Index Season CVM Avg Pass AUC
SSD SON 0.06 19.0 0.63
SR20mm JJA 0.07 19.0 0.56
SCD DJF 0.08 14.5 0.63
SGSL MAM 0.10 16.0 0.71
SID DJF 0.12 14.5 0.67
SR10mm JJA 0.12 13.5 0.65
SFD MAM 0.13 11.5 0.73
SRD JJA 0.14 7.5 0.66
SRD JJA 0.14 7.5 0.59
SHDD DJF 0.15 9.0 0.78
SPRCPTOT DJF 0.15 8.5 0.68
SSD MAM 0.16 8.5 0.63
SMCWD JJA 0.17 3.0 0.52
SPRCPTOT MAM 0.17 6.0 0.65
SRD MAM 0.20 1.0 0.59
SMCDD JJA 0.30 0.0 0.54
(3) B7} f8.¢F
A% Aowe}l 2oy B WA Bt AR Avnd gL A AN 2
f BE JFASFE fAn@ ASYREE AU O, GEed BEE JFASE BE
Aol fle Aoz EAHMG. A5t #dd Ag JHOR10mm, SR20mm)=
o FHEE AUn] BIHUY AT AHoz AP Ao EAHUG

ASAFATo mE ASAHSE WIS AR APAT] iE M2 LESEFD)9E A5
AFAZE St mE AFE = gt FRsHA ge
A

A | A5
Ao et g4 B8 A5se AR BE ASAR Wsrt A
o=
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o A= ARAE A4 D A A
D AAAE BAAAE A4 2 AF 2

GarE 7ol ola % AAHASATE 1988E5E 19979717 AZE ALBEA
261 12709 ASOSHRES: Mwds RAAE AGALEL olSHGEINE By A
0.486 RMSE 14.0462] vlu % A= =z
$7 9okl A4S wAel Wed Aoz puEel eAuds YHARE Bed
3
35

r
B
¥

TRMM TMPA$} GPM IMERG®] 7 9o Folo| 229} FE o] RS o] 835ty
#H=T F e ST AEES 7%%‘6‘}04 %_‘z}-?—ﬂi— 2FZEsER 7] ol vl 78
< AAgE JEHATE (Table 26). AAAE A+-AAAR B7 A34E Table 270.% FE3s
Gt A8 == dA=R T#(Satlsfactory) 0]’5}9] A5 Koy, CORe PBIAS =W
= 23 AGEE Btk AGgE FFS S8 xR o] Heg AowE ATGHIUG
< AR AFAAAEE RS o fAESTINeE AV)EId:
1988-20181)2] 13|/ =(daily/0.1° ) AR A5 (prep) 4R s 3

Table 26. Statistics evaluation result for Gridsat-CDR, TRMM TMPA and GPM IMERG rainfall
estimation

All satellite ) TRMM TMPA and GPM
- GridSat-CDR
Statistics products IMERG
1988-2018 1988-1997 1998-2018
COR 0.694 0.486 0.772
RMSE 10.736 14.046 9.389
PBIAS 10.144 9.617 5.827
POD 0.650 0.594 0.684
FAR 0.390 0.520 0.331
CSI 0.463 0.362 0.511

Table 27. Statistics evaluation result raw satellite precipitation gridded data (31 vyear:
1988-2018, median of 12 ASOS stations)

Statistics All satellite products (1988-2018)
Before EC (Raw_SRE)

COR 0.694 Unsatisfactory
RMSE 10.736 Good
PBIAS 10.144 Unsatisfactory
POD 0.650 Good
FAR 0.390 Good
Csl 0.463 Satisfactory
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Table 28. Product of raw satellite rainfall estimate. Raw_SRE: Raw Satellite Rainfall Estimate

Period (31 year: 1988-2018 year) Time
Product Resolution
1988-1997 1998-2018 zone
. Spatial:0.1"x0.1°
Raw_SRE | Raw GridSat Bl Raw TRMM TMPA + Raw GPM IMERG GMT+9
Temporal: 1 day
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Figure 34. Cross-validation result for estimating parameters of error-correction(GridSat)
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Figure 36. Box-plot of evaluation result of error-corrected satellite precipitation gridded
data (31 year: 1988-2018, median of 12 ASOS stations)

T oA ALHRE YD 71 AAA RS HlwEste] S FHEH] 98] A RA
H A5 Hrr A5 ASOS 127 A- e T o= L}F,]-u]—r EAA Qegrts 4
sttt COR# PBIASE &%= F<F(Unsatisfactory)oll A - < A3 A+
¥, T3 RMSES ©HLFAR)S OXRA To| Ao oS5 FZ(Very good)?_ % 7} o]
AR WY e Bt ok eARA S T3 HALEPOD)S A AAE H
ety ol AXARSY ®AFEC] st LARA FoE fFFES HoFo AR

A dE =thal ddE Y (Table 29).

Table 29. Statistics evaluation result error-corrected satellite precipitation gridded data (31
year: 1988-2018, median of 12 ASOS stations)

All satellite products
Statistics (1988-2018)
Before EC (Raw_SRE) After EC (EC_SRE)
COR 0.694 Unsatisfactory 0.843 Good
RMSE 10.736 Good 7.395 Very good
PBIAS 10.144 Unsatisfactory -5.871 Good
POD 0.650 Good 0.650 Good
FAR 0.390 Good 0.173 Very good
CSI 0.463 Satisfactory 0.577 Good
Figure 372 ZA+AAAES] A8 XS % A5 AAE BAFa Atk dARA
BrAARRe] M) LARAR FrAAARe] ongo]l AWHoR AHE AL FAY +
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Figure 37. False Alarm Ratio by stations
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Figure 38. spatial correlation analysis result of precipitation gridded data
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Figure 39. Spatial distribution of error-corrected
precipitation gridded data (2016.10.05. / 0.1° )
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Table 30. Product of error-corrected satellite rainfall estimate. EC_SRE: Error-corrected
Satellite Rainfall Estimate

Period (31 year: 1988-2018 year) ) Time
Product Resolution
1988-1997 1998-2018 zone
) Spatial:0.1 X0.1
EC_SRE EC GridSat Bl EC TRMM TMPA + EC GPM IMERG GMT+9
Temporal: 1 day
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Figure 40. precipitation distribution at typhoon Chaba landing (October 05, 2016) (Resolution:
0.1°)
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Daily satellite precipitation

Figure 41 Comparison with CPC and Satellite daily rainfall for Thailand flood case
(September 12, 2011)
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Figure 42 Comparison with CPC and Satellite Monthly rainfall for Bangkok area (September
12, 201D
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Figure 43. Comparison result of 10- and 50-year probable rainfall
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Figure 44. Comparison result of 100- and 200-year probable rainfall
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BEAARRS AFE AT 674 AAARS] BIb AHE ASOS

Table 312 2xt®AFH 7
1270 A SRR ekl AAE RAFL ok LARAH FFAAAE H7} Ael
Fugol A2 A% 6719 AR ot Aol FHgel MAlsh NI W FT
AdE AL A A TANE ARAE

Table 31. Comparison result of probable rainfall by return period (comparison with 12 ASOS
data)

Gridded data
o . . Six gridded data for
Statistics Extreme climate index .
EC_SRE evaluation
Min. Max.
10-year probable rainfall 12.817 28.179 77.457
50-year probable rainfall 40.389 60.700 138.509
RMSE(mm)
100-year probable rainfall 62.049 75.222 148.056
200-year probable rainfall 88.517 91.260 180.697
10-year probable rainfall 1.502 -38.010 -14.029
50-year probable rainfall 2.804 -45.158 -20.830
PBIAS(%)
100-year probable rainfall 3.183 -46.728 -22.334
200-year probable rainfall 4.964 -48.758 -23.631
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