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ABSTRACT

Research—-based countermeasures to respond preemptively to disasters caused
by climate change must be established for various sectors. For this, it is necessary
to collect past and present weather monitoring data and pre—process it using other
reliable data. Many advanced countries, including Korea, have built considerable
climate monitoring systems and utilize the data obtained at the branch level.
However, most of these climate monitoring systems in the Asia—Pacific region have
not been constructed systematically. Considering this, satellite image—based climate
data can provide an alternative to the absence of data for the Asia—Pacific region.
Furthermore, there is an increasing need for grid-based climatic data in various
application sectors. In this study, we developed a climate management system that
produces grid-based precipitation data from satellite imagery to provide reliable
climate data in the Asia—Pacific region. This system provides three kinds of satellite
data (raw, bias—corrected, and spatially downscaled). The spatial resolution of the
satellite data is 0.1° and 0.05° and the temporal resolution is 1 day. The Korean
peninsula was selected as a target area, the original satellite data was constructed,
and the correction method and spatial specification method were validated. We
applied the technique tested and proved on the Korean Peninsula to Vanuatu to
produce the final satellite data. The raw satellite data was constructed using the
Tropical Rainfall Measurement Mission (TRMM) and Global Precipitation Mission
(GPM) satellites. The Geographical Ratio Analysis-Inverse Distance Weighted
(GRA-IDW), GRA-Kriging, and Quantile Mapping (QM) methods were developed to
correct bias and GRA-IDW was finally selected. Spatial downscaling was performed



using Parameter—elevation Regressions on Independent Slopes Model (PRISM). The
correlation coefficient between 1998 and 2017, 0.775, is relatively high; and the
0.1° daily rainfall correlation coefficients for the Multi-satellite Precipitation Analysis
(TMPA) and the Integrated Multi-satellitE Retrievals for GPM (IMERG) are 0.776 and
0.753, respectively. The bias value presents that raw satellite rainfall is overestimated
than observed rainfall from Automated Synoptic Observing System (ASOS). As a
result of cross—validation of the bias—correction methods, GRA-IDW method shows
better correction results than GRA-Kriging and QM based on the correlation
coefficient and Root Mean Square Error (RMSE). The results of spatial downscaling
show that the correlation coefficient is smaller and RMSE is larger than that before
spatial downscaling. However, since the difference is not large, it can be used in
application sectors. It is possible to obtain reliable climate observation data to an
ungauged watershed based on the technique developed in this study. It is also basic
data for projects overseas, including in the Asia—Pacific region. It is expected that
applying the system developed in this study to the Asia—Pacific region can provide

reliable climate data on the latter.
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HE A ==(2.9 km/station) WEFETE oA o-EIE Y =71 5 Axl=o] sigsh= =7t
= QAZ #54 927t &2 Z20=% UETh oA o-EE g A ¥ #E4A dee
5 50-200 km/station®] HYE HoFal lom, F71gE2 95.7 km/station 2
& APEA o] HollA AEs WMO #4 7|0l A5 FelobA] Xk A= 2y
Sh 29| ofAloh-Bj g A o] mASFH sFetS Tttt
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Figure 1. Station density in the Asia-Pacific region
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SEL 7RO BABUE ST AAEES Bfe] THAAL, vRrobEL B
MOUE A2ste] & UARE BEoto] TEAA. vheolr A42S 2
43t 20 A2A7F 2SR 2L SRIstEon S AT Bk ARE AEt]

2 979 S ZHES Table 101 AESItk Raw_SRE= HAIVEALE,
C_SRE(IDW)&= IDW 7|fo2 HO|RA3t QJAA =, Raw_SRE_PRISM= QA 97=
£ SXVIAIERRE A&, BC_SRE(IDW)_PRISM= IDW 7O & HolHAet S dAas &
AR A=E  9ujgith. BC_SRE= HeEXA 7] w=t BC_SRE(IDW),
BC_SRE(Kriging), BC_SRE(QM)2= 58 4= It} BC_SRE(IDW), BC_SRE(Kriging),
BC_SRE(QM) Z¥z} GRA-IDW, GRA-Kriging, Quatile Mapping 7|HDO.& HO|H A
o RS Quisith. HFH o2 GRA-IDW 7|HE 483 BC_SRE(IDW) A&
gk A4k

Table 1. Final products of this study

Type Period Temporal resolution Spatial resolution
1. Raw_SRE 1998-2017 1 day 0.1°
2. BC_SRE(IDW) 1998-2017 1 day 0.1°
3. Raw_SRE_PRISM 1998-2017 1 day 0.05°
4. BC_SRE(IDW)_PRISM 1998-2017 1 day 0.05°

- SRE: Satellite Rainfall Estimates, BC: Bias—corrected, PRISM: Parameter—elevation Regressions on Independent Slopes
Model

1) GRA: Geographical Ratio Analysis
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2 A7 VIS e}t HEroRR R ARSI = & 607 BSEA,

HRROlEL % 619] BSAE F4o] ASSHAT SIEL 304 olge] B2 a7t

SHE TSAE Ao AL, vERoR = GHCNOA Algols BE BE54AE A5
t}. Table 2-Table 32 SHIEQ} HEROR O] H=A EES Hol3=1l QItt Figure 2+

shabee} Hlirolze] B4 XS e 9l

Table 2. Station list for South Korea

Start ID Name Lon. Lat. Start

ID Name Lon. Lat. year year

Q0 Sokcho 128550 | 38250 | 1968 | 202 | Yangpyeong | 127.483 | 37.483 | 1973

100 | Daegwallyeong | 128.717 | 37.667 | 1972 | 203 Icheon 127483 | 37.250 | 1973

101 Chuncheon | 127.733 | 37.900 | 1966 | 211 Inje 128.167 | 38.050 | 1973

105 | Gangneung | 128883 | 37.750 | 1912 | 212 | Hongcheon | 127.867 | 37.683 | 1973

108 Seoul 126.950 | 37.567 | 1908 | 221 Jecheon 128.183 | 37.150 | 1973

112 Incheon 126.617 | 37.467 | 1949 | 226 Boeun 127.733 | 36.483 | 1973

114 Wonju 127933 | 37.333 | 1973 | 232 | Cheonan 127.117 | 36.767 | 1973

119 Suwon 126.983 | 37.267 | 1964 | 235 | Boryeong | 126550 | 36.317 | 1973

127 Chungju 127.950 | 36.967 | 1973 | 236 Buyeo 126.917 | 36.267 | 1973

129 Seosan 126483 | 36.767 | 1968 | 238 | Geumsan | 127.467 | 36.100 | 1973

130 Uljin 129.400 | 36.983 | 1972 | 243 Buan 126.700 | 35.717 | 1973

131 Cheongju 127433 | 36.633 | 1967 | 244 Imsil 127.283 | 35.600 | 1973

133 Daejeon 127.367 | 36.367 | 1969 | 245 | Jeongeup | 126.850 | 356550 | 1973

135 | Chupungnyeong | 127.983 | 36.217 | 1949 | 247 Namwon 127.317 | 35.400 | 1973

138 Pohang 129.367 | 36.017 | 1949 | 256 Juam 127.233 | 35.067 | 1973
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Start ID Name Lon. Lat. Start

ID Name Lon. Lat.
year year

140 Gunsan 126.750 | 36.000 | 1968 | 260 | Janheung | 126917 | 34.683 | 1973

143 Daegu 128617 | 36.883 | 1909 | 261 Haenam 126.567 | 34550 | 1973

146 Jeonju 127.150 | 36.817 | 1919 | 262 | Goheung | 127.267 | 34.617 | 1973

152 Ulsan 120.317 | 36,550 | 1946 | 272 Yeongju 128517 | 36.867 | 1973

156 Gwangju 126.883 | 36.167 | 1940 | 273 | Mungyeong | 128.133 | 36.617 | 1973

159 Busan 129.017 | 35.100 | 1905 | 277 | Yeongdeok | 129.400 | 36.517 | 1973

162 Tongyeong 128.433 | 34.833 | 1968 | 278 Uiseong 128683 | 36.350 | 1973

165 Mokpo 126.367 | 34.817 | 1906 | 279 Gumi 128317 | 36.117 | 1973

168 Yeosu 127.733 | 34.733 | 1943 | 281 | Yeongcheon | 128.950 | 36.967 | 1973

170 Wando 126.700 | 34.383 | 1973 | 284 | Geochang | 127.900 | 35.667 | 1973

184 Jeju 126517 | 33500 | 1954 | 285 | Hapcheon | 128.167 | 35.550 | 1973

188 Seongsan 126.867 | 33.383 | 1972 | 288 Miryang 128733 | 35483 | 1973

189 Seogwipo 126,550 | 33233 | 1961 | 289 | Sancheong | 127.867 | 35400 | 1973

192 Jinju 128.033 | 36.150 | 1970 | 294 Geoje 128.600 | 34.883 | 1973

201 Ganghwa 126433 | 37.700 | 1973 | 295 Namhae 127.917 | 34.800 | 1973

Table 3. Station list for Vanuatu

ID Name Lon. Lat. Elevation Sl

year

NH000091554 PEKOA AIRPORT 167.217 | -15.517 44 1976
NHO000091568 ANEITYUM 169.767 | -20.233 7 1952
NHMO0091551 SOLA/VANUA LAVA ISL 167.55 | -13.850 18 1979
NHMO0091555 LAMAP/MALEKOULA ISL 167.800 | -16.417 26 1979
NHMO0091557 PORT VILA BAUERFIELD 168.320 | -17.699 21.3 1985
NHMO0091565 TANNA 169.224 | -19.455 58 1979
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Figure 2. Station location for South Korea and Vanuatu
2.2 XK=

SHILEQ} HRRoLE O] AP AR = SRTM(Shuttle Radar Topography Mission, 250m
IZRWIE) ARE ol8dte] =5ttt PRISM(Parameter-elevation Regressions
on Independent Slopes Model)2 22oJ517] Yl DEM= ©]-&5}o] ALY, sfQto g2k
B AgE 71807 =319t Figure 3-Figure 4= 3HIEQ} HRROlES] APARE
=3 AAE HolFal Qo APAtEE SVHAIRKE 3T sdER] 0.05°% HEkst
of =513 AAREE & 3719 IFC R, sijte 2R AZle 07 152 25t
T=513inh
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Figure 3. DEM, aspect, and distance from the coast for South Korea (Spatial resolution: 0.05°)
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Figure 4. DEM, aspect, and distance from the coast for Vanuatu (Spatial resolution: 0.05°)
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TRMM #/go] AlAzz= Z=rdloltlE |AISkL Jrda S4517] oldoll= Al
A= HARE ol8sto] FrahE SAsIITE AR 7S o= IS5 9
sto] AR 9L AXFE AWSH] fste] Hl=2  GOES(Geostationary
Operational Environmental Satellite), ©FAJol= UE  GMS(Geostationary
Meteorological Satellite), 5= METEOSATYAC] T2 AlA +A4& 7HAaL 53¢
TR Ee] AR R o FEH UM o= e HEQE f1480] HERE WAL, QI
+ INSAT(The Indian National Satellite), 5= FY(FengYun), &JA]°} Electro-L &
H B2 UetollA AAAE f1/do] HAEIH. 7, 571, AAd 5 5719 Ad=
788 BAA= 949 @4 YE Himawari 9482 AFE ©l= GOES-R,
MTG(Meteosat Third Generation)?14 5 At XA 94 MA7F EAj=]of 1t
AP AL Qlom], ojofl W] Fh=te HEiet 2 §14do] 20184 7R WAL &H] Fofl Sl
AAI AAAE AlA = AA9] SRS B2 16712] AAE 7HAAL Qlow, Hrp Tef
St 7144 B 715 Hofoll &-80] 7Fssith HEQE 91442 20109 6¢¥ 279 AE3E o=
WAEIAAL, GOES, MTSAT(Multifunctional Transport Satllites)2} 22 5712] Al
£ FAEIS 7AIAEE 05 ~ 0.9me] PR A, AA, s 52 71

TS0l 785t dA Q] S 3.7me] IR 5K5-2, N, AHE 5ol ol-87Fsst
F57] Ad2 719 571%F #50l 7Fs3tH + 719 AL e, 5
g3, v, dieH 2k B5o) o]8Ear JltK(Figure 5).

.—ﬂ



2. 9=, 15

PCW
(Canada)

¥ Arclica
(Russia)

HIMAWARI 8
GOES-W
3rd generation Kepan)
(USA)
135'W

GEO-KOMPSAT
(South Korea)
28°E

GOES-E ; /
3rd }/
generation
(LISA)
75'W

e

Meteosar
eneration
T
Kt il METEOSAT-0 (Russia)
(EUMETSAT) 76°E
575

Figure 5. Geosationary satelltes radmap

2.3.2 TRMM ¢4

TRMM 82 ALA| 9] =S ST =4 7| 3Hslo] tigh A& S8l 71<
Hon, FEtt A IS HIot] AARZE 7ol gAiE o 1997¢
HEALE| T Figure 6).
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Height 403km
16 times per day
every 92.5 min

Figure 6. TRMM(Tropical Rainfall Measurement Mission) satellite

TRMM $42 A=s B53S AR F717F 1241 BeolH, E9 3527 E 5
/5L oFE 1681 BEY BHAEE BWESIHFigure 7). xR AeEolH
PR(Precipitation Radar)?} TMI(TRMM Microwave Imager), VIRS(Visible and
Infrared Scanner) AlA7} @A =0} Qlth. PRAAE= 13.6GHzS] SFut-z ShHO|
220km Swath#2]2 #S5P, 7%= 5 kmo|th. TMI <& Hlo|Z=3} o]n|A]
= 10.7, 194, 21.3, 37, 85.5GHz <#3], %8 BFFTZ 7HA AL Slom S e
+ 5 kmolA 45 km2 Fappo] wet 2] SRS 7HItKFigure 8).
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Figure 7. TRMM 1 day orbit

mim,/hr

Figure 8. TRMM TMI measurement
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71535} S-gof E-8of FARE o-85t7] flste] NASAo|A= TRMM 9143
O] PR, TMI AllA, SSM/I(Special Sensor Microwave Imager), AMSR(Advanced
Microwave Scanning Radiometer), AMSU-B(Advanced Microwave Sounding
Unit) ~suto|a2nt AAE, FAAE NOAAAS VIRS & ofgst AlAE ZAgsto]
TMPA (TRMM Multi-satellite Precipitation Analysis; 3B42)At=2S ARESICE 2|54
=2 3AREHE 07 25 k8| ST R E9 50004 &9 50=9] B HAE
7HIt. Figure 9= TMPA #k& SollAl 3A17F F TMI, SSM/I, AMSR-E, AMSU-B
AA7E B5 4 Qs MRS YERd

Figure 9. Microwave measurments of TMPA for 3-hour period.

2.3.3. GPM ¢4

GPM 142 Fielole7t TAlEl sy o] St 44wk U= 4 Y B9
o] ZFo T Tk oG FEFL BETP) AT AL AL Y To] 94
2 GPM $142 TRMM 9149] 491402 1 A7 44ere BEsh] et Bxoz
U JAXA FLYOIES BABIL NASA S-5vto] 223t GMIALS TSI 20144
29 279 A YTHFigure 10)

NG
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\ a (CNES/ISRO)

NOAA 18/19
(NOAA)
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(NOAA)

DMsP |=17/|=1s/ N3
F19/F20
(00D)
=eli

Figure 10. GPM(GPM Precipitation Mission) Satellite

_ GCOM-w1
{1axa)

GPMRIEY] A== A=A HY AdZ BS5H] Ao EAR TRMMAAEES
350~ 3593 2] SHAE Y80 E T 70° 59 70°9 #SHRE AETiTt
(Figure 11).
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Figure 11. Coverage of TRMM orbits(yellow) vs orbits of the GPM core satellite(blue)

GMI(GPM Microwave Imager) A4+ 10.6, 18.7, 23.8, 36.5, 89GHz Adx}
TRMM TMI AlAeF 2] 166 2 183GHz2] A'do] 7}=]al Figure 122} 0] Swath
A7t 885 kmZ W2 A9 #5 7hssitt. B3V e= 10GHAE Y o 19.4 km
X 32.2 km, 183GHzY @ 4.4 km x 7.3 km9| 37 =E 7HIct,

i R ;
A4
=% i
e
il = :,%5-
» _imy,
Gl
2 f
= -
5
L SOE BOE 30 B8Ol 210 240 2 | 200
missing 1 3 10 30 surfacePrecipitation (mm/h)

Figure 12. Swath of GPM GMI(GPM Microwave Imager) sensor
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GPM#1d= TRMM 13.5GHz2] & #lo|tjoflA] 35GHz #|o|] 57} & F71=|o]
FEdlelt(Dual Precipitation Radar; DPR)7F &=t Ku 13.5GHzH°]tE =
Swath Ag7} 245 kmo|H I7FIAEE 5.2 kmelil (Figure 13(a) 571 Ka
35GHz#|°|E = Swath AZ7F 120 km el Kugloleet 22 5.2 kmeltt
(Figure 13(b)).
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SRR —
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Figure 13. Swath of GPM Ku 13.5GHz(a) and Ka 35GHz(b) precitation sensor
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2.34. A93d= EY

BAAE 32 o TS0l Qlof Flold Aot 5 mto] &2} AlAof Hls] 7
S TE Few GojxANt 15804 308 7HE 02 #E5] ufEe] A=}
2 o] Stk BEo] Floly AlA7F FzbE|o] XG5 BEsH| AR 1998 o] A
o 70, 80, 90 A&7} F50] Eof glo] 71 ARk A=t Y agh 7| ¢Eok Fa%t
A 39 sfto|tt. TRMM H|olel= &9l 3504 59] 35:29] MR HAF #Z0]
olgf & FEIg THAIE 7L Lot AlA 22 FlofH] AlA7E A2tE]o] o] HAHAIE
Aol A BEche Aot Fett A7k Attt A9 Auete] Zges
NASA TMPARIRE 7|519] 7|&2 272 251 tt. GPM GMIAIAE TRMM
TMI AllAe} Blwste] FFdmT7E o Fobgom, 166, 183GHz AlA "= 229F
H(< 0.5 mm/hr)9] ¥5 et =L HEo] T ST 7Hs5HA = Sich
GPM 91449] Fddolt(DPR)E TRMM 949 T #lojtio] |5t Ka(35GHz)
o] F7F2 TRMME= dlols ot B HeHdo] = AL GMIAIAL} n7IA] = 4]
< F9 Hrh FeRt 44w ool #EsHA] Y AT #Sol Zhssith A
o] 7kt e FEAdET 2gEol AxtskE GPM IMERGAHRE FA] At AlE
SkaL Itk Table 4= EAFIA ARESE QY RS A¥star AUt

Table 4. Overview of satellite imagery

Period Etc.
1983-1997 1998-2014.7 2014.8-2017
Satellite type PERSIANN-CDR | TRMM TMPA GPM IMERG | GPM is in operation

Temporal resolution 1 day 3hr 30min
Time zone uTC UTC-)KST UTC-)KST

5
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ro

SENTY 72 AL /1T AR B Hokshr] 98] APCCUe] v AR}

AR-g +qtgch. APCCE ThiZt 715 (RS S-85 R0 B8 4TS 4951
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Table 5. Climate variable list by application sector

Variable

Agriculture

Water management Marine ecosystem

Daily

Daily Hourly Monthly Daily

Precipitation

0

0 0 0 0

Average temperature

Maximum temperature

Minimum temperature

o|O0|O

o|0|O

Sea surface temperature

0 0
0 0
0 0
0 0

Solar radiation

Evapotranspiration

Relative humidity

Wind speed

o|o|O O

NDVI

Soil moisture

O/ Oo|lO0/0|0 |0

Table 6. Bioclimatic variables list (WorldClim, 2018)

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp — min temp))
BIO3 Isothermality (BIO2/BIO7) (*100)

BIO4 Temperature Seasonality (standard deviation *100)
BIO5 Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BIOG)
BIO8 Mean Temperature of Wettest Quarter
BIO9 Mean Temperature of Driest Quarter
BIO10 Mean Temperature of Warmest Quarter
BIO11 Mean Temperature of Coldest Quarter
BIO12 Annual Precipitation

BIO13 Precipitation of Wettest Month

BIO14 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)
BIO16 Precipitation of Wettest Quarter

BIO17 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter

= http://mww.worldclim.org/bioclim
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Quality control
PERSIANN- GPM

TRMM TMPA

CDR IMERG
. 3hour, 25km .
(Daily, 25km) ( 2 ) (30min, 10km) Bias ASOS data
‘ [ correction (rainfall)
Convert to KST Digital
from UTC time PRISM model Elevation
l Model
Computer daily Downscaled satellite
rainfall rainfall
l i APEC Countries
Resampling 10km Cal.ibra.tion a.nd Pacific islan(!s
(PERSIANN-CDR, Validation using Ungauged basins
TRMM) ASOT data
Post processing (GIS) —————  patabase

Figure 14. Flow chart of satellite rainfall based climate data management system
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3.1 A8BY 1tz = X T

SSREE (B, A, A, 59, 3=, Y/ A 713 A= a0t &
£ dS Telote] A0 R o T AE HES Aol S8R T agh
=, 719), IBIERS km, 10 km grid 5), A7 EMonth, Day,
Hour §)& ARt the, 494 B2 Algste st BF t2ua 1a3t s
Lo g0} 7B E AlTshe A9 (Raw HolE)S $5(from NASA, NOAA)SH
o] glo|EHlo]AS P3Gt S8HEE £aE T B8 /i ¥, TSI,
ANVEEE BAste] AXe] S ottt

3.1.1 PERSIANN-CDR XjzaH

PERSIANN At&mi= 7|57} 2ok &2 I3t A A=pAtmolth. 7|20kl A
718407 309 A=rF Bast WAZ 4 dlole7E A2 19984 o] At
PERSIANN-CDR A&E ©-83l3tt. AAAE Afqddt SH: A42 a5 vhol=
21 Y& AF A5 artificial neural network) WA o & FekS 24519t &
A= A2 AAAd] o] HE FHAE o-&sto] 4F&E5IItHHsu et al,
1997, 1999: Sorooshian et al., 2000). ~suto|Z 21} AL} Adlslo] 0.25°%0.25°
ARt A ARSI o] ARE 71820 88351 fiste] GPCP Almz Heol HA
sto] HEH o= ARE AR

3.1.2 TRMM TMPA Alz=H

TRMM AR&= 8A7F9] FloJdA] ZHH 02 A7t ATo|E Hal /1o, fip://trm
mopen.pps.eosdis.nasa.gov FTP AFP]EE F5to] PR, TMI, combined TMI & PR
AmE e o Aok AAE AIZE 37 = Table 70 A Am 2
HDF4°]H, IDL, Matlab®} 22 A& AT EQoju} Pythond} 22 @ Zzjsio g
AmE glo] AAZE sHA =



Table 7. Summary of TRMM Level 2 products

Sensor/Product Spatia(I:OF\iZSrglgu(;tion & Temporal Resolution Data Format
ZE”E‘ZE? 7-day latency for Near
PR only: 2A25 ge Real-Time
16 orbits/day 3-hour, 2-day, 5da
(35°S - 35°N) » £70ay, gy
5 kmx5 km
™I only: 2A12 orbital 3-hour, 2-day, 15-day

16 orbits/day
(38°S - 38°N)

HDF4

Combined TMI &
PR: 2B31

5 kmxb km
orbital

16 orbits/day

(38°S - 38°N)

7-day latency for
Near Real-Time
3-hour, 2-day, 5-day

B A Abg

2t TRMM A}E+= TMPA 3B42 A25

7] Al A1 20149 7E7HA] AAmE

Table 8. Summary of TRMM Level 3 products

1998EXE| GPM A=27) A=
22 k=735t Table 8).

Spatial Resolution &

n Data
Sensor/Product Coverage Temporal Resolution Format
TMPA:3B42RT & AT s NAT with 8| BT data in binery and
Final 3842 0.25° x 0.25° S rouk OpenDAP
" < ourly
o0°S X 50N Monthl HDF4
. onthly
TMPA: 3B43 2 month latency NetCDF
) 0.5° x 0.5° and B° x 5°
PR only:3A12 37°S x 37°N Monthly
) 05° x 0.5° HDF4
TMI only:3A12 38°S x 3N Monthly OpenDAP
TMI-PR Combined 5° x B°
3831 40°S x 4O°N Monthly

3.1.3 GPM IMERG Xfz=H

GPM Atz NASA AHE B4 A Aa2sE 5

AT % ek ofE 7 AR 5

& AAIZF A== ftp://jsimpson.pps.eosdis.nasa.gov AHOA, HSAEEL ftp://

arthurhou.pps.eosdis.nasa.gov o4 A=E WH7|7} 7solth 2=

= W4 Level
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2, Level 3 @} daily, monthly2} HDF, NetCDF, Geotiff 5 ¥--f = a3t x|} A1=s}
I ARmE LAISH Het, 2 AFoAE Level 3, IMERG, 3087 A28 4 &=
3199t GPM A& Level 09 Raw AHRolA A EAT} ofd] B S|4 Level
1 AE=E At o]t 9] BhALEZL, savto]ARTO] H 257} Level 17EC]
ettt o] ZAtwE 7IRto R FarefFof ofsto] EE|F] W Ao A2 MpE A4S
SHA E=tl B8 Level 2 TAlIt}. A ¥ 12 9449] Aol whet ASA=Tt
A==t olA=E AlFTHH O R thA] HglelH Level 3 A7} AFEE tHFigure 15).

Level 0 Raw Instrument Data

|

Level 1 Geolocated and Calibrated

|

Level 2 Geophysical Data Product
Derived from L1 Data

|

Level 3 Composites Of Level 2
Data Products

Figure 15. Flowchart of processing data of TRMM and GPM

GPM 745 212 %olA] Level 2 A& Table 92} Zo] 22} Ku, Ka #o]ElolA
A 49 AR 9 FAold ARS 2P AR S MR 42
AE SWEE 4 kmE HDFS AR2 Agslo] sz, Fadold Aaet GMI %
o Aot Aol @A) AEl Ha e,



Table 9. Summary of GPM Level 2 products

Sensor/Product Spatial Resolution and g:srgmrgL Data Format
DPR Ku-only/2A-Ku P2 m X 22 km
DPR Ka-only/2A-Ka gan g 20~120minutes HDFS
DPR Ku & Ka/ 16 ofbi d 24hours
2A-DPR orbits per day
(70°S~70°N)
4 kmx4 km
orbital
GMI/2A-GPROF and 2-40 hours HDF5
16 orbits per day
(70°S~70°N)
, Orbital(70°S~70°N)
Combined GMI and 5kmxbkm, Coincident 3-40 hours HDF5

DPR/2A-CMB

Ku-Ka-GM!I footprints

Level 2 A=9] -9t |9 949 a4 B4t 10 km 3751 =
30E 74 AIZFES 712 AAskE Ak=7F IMERG (Integrated Multi-satelliteE
Retrievals for GPM) Level 3A=0]H £ Ao 4| o853t} (Figure 16). IMERG
A= ol"A] 6AIZE 16417 370 Abm 2 4%, 304, daily, monthly A=E
Hiejtor AR87Hs3tt. Level 32FEOME IMERGALE ©]9]9]] 10 km, monthly A=
2 GMI2} DPR Z5AH=2} Ku, Ka, Ku+KaQ] A& Agto & 25 km@} 50 km, daily,
monthly?] At@%= F=Eo] ltt (Table 10).
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Table 10. Summary of GPM Level 3 products

Sensor/Product Spatial Resolution and Coverage | Temporal Resolution Data Format
30-minutes(Near Real
Time)
0.1° x 0.1° with 6-hour latency,
IMERG (90°S-90°N) 16-hour latency and
3-months
latency
Combingd GMIHDPR 0.1" x O.1° Month! sa
rainfall averages (70°S-70°N) / GIF, PNG
g KML for google
0.25° x 0.25° Daily and Monthly arth
3-DPR 5.0° x 5.0° Daily and Monthly
rainfall averages (67°S-67°N) for Daily
(70°S-70°N) for Monthly
3-GPROF GMI 0.25° x 0.25° .
rainfall averages (90°S-90°N) Daily and Monthly

3/06/2015 22:30

Liguid Precipsation Rate Fruzen Freciptation Rats

G102 03 G5 10 20 A0 A0 10 B W @1 62 63 05 10 20 30 A0 W N W
e our mehour

Figure 16. Precipitation(rainfall+snowfall) of IMERG data



3.1.4. A= HA

NASAoA Y& ere GPMALRE o] 7|2 HElYHE Al5stal
B &4 HEE Level Wt Algdhs FEI7T th2rt o]of st $43HE Table
119] #AISFAL

Table 11. The subfield for GPM data file names

Type Description
1A Instrument count, geolocated, at instantaneous field of view(IFOV).
1B Geolocated, calibrated Tb or radar power at IFOV.
1C Intercalibrated brightness temperature at IFOV from a single instrument.
2A Geolocated geophysical parameters at IFOV from a single instrument.
2B Geolocated geophysical parameters at IFOV from multiple instruments.
3A Space/time averaged geophysical parameters from a single instrument.
3B Space/time averaged geophysical parameters from multiple instruments.
4 Combined satellite, ground and/or model data.

5 BEA| 42 AFE Hhourly, daily, monthly)2 o2 ot &40

UehdtKTable 12).

o)

Table 12. Indication of accumulation subfield for file names

Name Description
HR The product accumulates data for Thour.
HHR The product accumulates every half hour
DAY The product accumulates data for a single day.
PENT The product accumulates data 5-day period.
7DAY The product accumulates data 7-day period.
MO The product accumulates data a designated month.

TRMM TMPA, GPM IMERG &&= UTC Azt & A& = o] ujZE ) uleba ulA|
S FGoA FR|AZEe 2 Axlg & W3kelr] YA TRMM TMPA &= 3417+ AJ7FelAY
T A7 R £3589, GPM IMERG A= 3087 A=E Y@kt TRMM UTCO
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A 9A17KE oA FEATHKSTIOR Wglo] Hs317] whgo] 3412 7H49) Amg o
AR R BEolN 1545 thed 1241714 % 8709 Ast Sold ol
= AsoickFigure 17).

U= +HE IR 2% =,
20101231 2018-05-18 @F O
™ 20110101 2018-05-18 @8 .. EY
* 20110102 2018-05-186 2. W3
* 20110103 5018-05-18 ©F  EQ
#* 20110104 2018-05-18 28 . EpY
g 20110105 2018-05-18 2%, WY
20110106 2018-05-18 ©FH . THa
20110107 2018-05-18 @8
20110108 2018-05-18 @F
20110109 2018-05-18 25

Figure 17. Pre—processing of satellite data for bias correction

TRMM A= ZF g <t Sl 3ARE ARES &oto] FAIRKKST) daily
A= 2 HEsETE GPM 30% 7H49] A=E oA TRMM 22t o] daily AR =
HE}sto] =51 tHFigure 18).

v TRMM2011 » data » daily_merged w daily_merged 44 £

o2 LHT LT} gz 37

D TRMM.20110101.K5T.nc 2018-05-18 2% 1:17 NC It 2,281KB
D TRMM 201107102 K5T.nc 2018-05-18 2% 7 MNC O 2,281KB
D TRMM.20110103.K5T.nc 2018-05-18 2F 117 NC ZHE 2,281KB
D TRMM. 20110104 K5T.nc 2018-05-18 2% T NC It 2.281KB
U TRMM.20110105.K5T.nc 2018-05-18 2% 7 NC EHE 2,281KB
ij TRMM 20110106 K5T nc 2018-05-18 2% 7 NC IH 2,281KB
D TRMM.20110107.KET.nc 2018-05-18 2% 1:17  NC IZ 2,281KB
I“ﬁ TOAARA 2NA1NATNAD KOT nr N0 NE 10 O= i NPy S= 1 7 No1rD

Figure 18. Conversion UTC to KST time of daily data



T=H A= HO| HA PRISM 28 9] dZRaZE o]85l7] st DEM ™
o "o SHIE |Gt clipping dto] Al=m AAEE AASIHL} (Figure 19).

Figure 19. Clipping data by pre—processing module

DEM At&i= PRISM B39 AA 1g 947] 93t A5 s 2 AFoAE vt
NASA SRTM 250 m A&5 o]85FithFigure 20). SRTM 1AL S5GEXMo] 1=
€ #5T 5 Sl AIATECIHE ARkl AFE W #S3HEA 90 me]
=

| FAAEE THSOo1A HjZ3t. o] AA=E ¥R 5 km SIER HHA] HMES)
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AGoz Fehd SRS

LS Arpas Spaesta

Az AASE 9 YIRS BE7) Astel e
AZE Q] A2 WHIlslo] thA] shape THAZE A%
7i7te] Zjoll Bz ID, S/, T 4 AT CSV Helz 5ol PRISM 239
JuA =R o853t (Figure 21)

o
QL
R
1o



Figure 21. Input data for bias correction module and PRISM model

3.2 AEBY Shl=t 718

SV At 7S HolRA S B AEE 71 OR sl B
BAL WAHARE A BEAES o] §3le] USIE BAL S, A8 7]
e DEM 422 ol 83te] AGot weg AL 5 o2 Jow ANAet
HolR e JHARE BTPHoR AAslshs ZHelt

ol

3.2.1 HowH J|Y

A BSARE o83 8BS AR Y 7S 8P4 B HEFo g AR
o= GRA(Geographical Ratio Analysis)ﬂ‘r A AL A ARRSE 7} Q= EQJAMAY
H(Quantile Mapping, QM) A5ty $=3s1AtHJia et al, 2011; Duan and
Bastiaanssen, 2013; Laurent et al., 2013).

GRA= GDA(Geographical Differential Analysis)@} B&0] 9934 B4 EH
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Ao g AEoh= 7IHo R HEARS} A AR 24 HleS Fefsto] HASH=
71¥o]tHCheema and Bastiaanssen, 2012, Baik and Choi, 2016). GRA9|A] 2%}
HlE= Hileks 71¥ S IDWeF Krigings B #8oto] HAE Bot3itt. Figure
22+= GRA HoHZ 7I¥9] 7HRE UetHaL QUrh GRAE ofjet Zo] & 39A= -2

sle] 5 4 ek,
(1) A8 BEARPLS AR P HSHE DAIAR Py, o) 27

= [e) Point (e} =
O] QA BIE&(Pry, )= AFITITE.
Point __ Point
PHatin - P()bs /PRruu*SRE

(2) A T AA0NA APgE 2a3F v Py, )& IDWe Kriging 71%E AMS-

atio

sto] QA AR T FUHIES] 10 kmZ AR P )2 B,

Grid __ Point Grid __ .- Point
PRu,t’io = 1D W<PRu,tio )v PR(),ti,o - ngzng <PRu,tio)

3) QAAEARAR( Py sre)0ll 10 km AR 03} BIE(PS VS F3A A
A A2 H RS AR THPye- snp) S APRTITH

_ Grid
Ppe— sre = Praw— sre < Pratio



SRE(Satellite Rainfall Estimate) Rainfall observation
(Daily, 10km) (Daily, Point)
P P Point
Raw_SRE Obs.

| |
]

Difference ratio between SRE(10km)

and Observation data
Point

P Ratio

|

Point Grid
PRatio 2 to PRatin ™
using IDW or Kriging

Multiplying

B Raw_SRE

Final bias-corrected SRE

Ppc sre

Figure 22. Overview of GRA bias—correction techniques

EAAMIHQMS A #BEARPLE A A0 dheEHE AR
(Psgectet 1) AAe] FRYERREE ol8oto] AAIAR(P]ems" " ")
x| g EEE AR ASARY gF B2 AV HHe R Eq. (DE UE
d 4= QItiHashino, 2007). YAIAIRE 245H7] Y9l Bernoulli-gamma 225
ARgSto] AAVdRt R AR FEREE A dSARS] SE EX2E AFAFT:
Bernoulli-gamma £X+= 759 YAYSES Bernoulli BEE, I 7=
gamma X2 JHESI] Z7F AP 4= lo] HIES o]8sto] AXRRE HASh=
719ol At Zo=w AbRE

Zj=F,; (F,(Y})) @

J oj

GRA-IDW, GRA-Kriging, QM 7|'H& AEsto] 2 Ao Adst dare|&S 7id

SH o] % HHo] AN HolFk /Me HAsHom Agstt
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3.2.2 SThMiet 718

2 A7oME Daly et, al(1994)7F AQ¥st PRISM 82 -85t A=/dASkE
SFtt. PRISM B3 si¥, ik, Atete] AArSd, 72 5= efote] S22sh
g A=F SAERG. PRISM B9 SHHsR =g ARBSHL SEHLRE 94

FAERR $YHY, Eq. (2)-(5) HERAT.

7:: 505"' 51 (2)

oA71M, ¢ ARABOINY R, 2 - AR M=, 6,0, AAAE 7}
FoAA

7 Aol 71 FAASE the Ao APgait,

iwi(ri - 7_“)(2'1 - ;)

Bo="" B =T Bz 3
N w;(z,—2)?
i=1
zn]wlrl ‘zn]wlzl
,'_,.: iznl ;: zznl (4)
sz sz

o714, n @ YIHEY BESAE N, w; @ AAPE 7RSAISR AYE, 1k, FARY
g A AL, 1z 0 AAARS} A-Y] A 1w
wi AR 1EASE eAlTt Zh
w=(Faw(d)?+ Fwz)*)"*w(f)wc) 5)
7M., Fy : ARZRENARE 0.8, F.  TEAEXAS 0.2, w(d).w(z).w(f).w(c)

42 AR 7S A, Al 7S AL, AR 7HSA, iR TSRl w(d)= A Al
Y& AR A=/ gAHeRE AR ARE UEtls 7B 7RAI0H, w(z)e EAY



Kpo) AP Am AEFE ZAxke] TERolo] ofgt T AEXE Ltk w(f)E
DEM 7|2Abee A3kl o 745X, haro @ w () YAES Axpaat 2puat
AshEl AxpAo] sjgto e Wolx Ao digt 7HEAE WAt

-

3.3 A8 A3 Ud

3.3.1 EARIEBY BE

A== TRMM 25kme] SIS ES 05t GPM 10 km=Z WH3kslal X443
SAtm e} Aokl Heksto] 53 AR et ASHSARS] AS5H] fI5te] 7]
EA 0 g ABAIS(Correlation; Cor)S 7oL, Hat Ala 2*HRoot Mean Square
Error; RMSE), BIAS(bias), MAE(mean absolute error)?] SA14 B'#H-S o853t
(Eq. (6)-09)).

Z (XSat,i - Xobs.i)2
SE=| = ©

MAE= — Z | sat,i obs z| (7)

1
ME = E Z (Xea,t,’f, - Xobs,i) (8)

BIAS=""1 )

Z obs,i

AT ABEAR] JFA vag AL BEATEOHRMSE}
AEEAMADE Aktslo] AZaHT. Biase AR BEE R ABS
A50] Aolz Ehe, MEE 4799 AABEAR] BE 04 ojujsict



QolH 7] 25}o] FBS(False Bias)
OD(Probability of Detection),
ASOS?] o] 00 gle Wl /9747 At H1eE Yetll= FAR(False Alarm
Ratio)?] B7I@=C=® 94 Ame FYg=E HAFSHUH (Table 13, Eq.
(10)-(12)).

1o
1o
ox
O.
o
1o
oyl
o
il
oX
1o
oX
ot
H1
i
o
o,
ol
=)
N
4o
ol
=)
)
T’ m

Table 13. Contingency table for comparison of SRE with ASOS gauge

ASOS 2 1 mm/day ASOS < 1 mm/day
SRE > 1 mm/day X y
SRE < 1 mm/day w z
FBS= (z+y)/(z+w) (10)
POD=z/(z+w) (11)
FAR=y/(z+y) (12)

3.3.2 SM=t 718 HS

BAIEE 719l A5 =S o= A #SAtRet AR dSAkE A s
o= YA E ARZES 2235 thS AFA|4x(Correlation coefficient, COR), RMSE,
MAE, NSEZ 4Hgsto] 35ttt A1d #EAtmel A2k, Bt 91494t
=7, SVIAIRRE H9AEE 42 Blasto] 3kt

AES Yo A A BS54 751} =S Hwok= Aol gk 7y
o] BAIE Bs] Aol st 6071 HEA digh IS IDW 7S o] 85
o] 0.005°(=500 m)9] Bz HIHgt E}— 0.01°(=1 km), 0.025°(=3 km),
0.05°(=5 km), 0.1°(=10 km)9] ZZEHEE 7= A2t TEA R 2 Hglelgict. z+

N
o

T

\l _I



1o} AZ BEAR) dish 6071l BS54F Edh= AAE FE3H] 6071 WS40l of

¢

HOREA 71 HSZ ] 607l BSEAE 7|02 asIlon, 3714 HojE
% 71H(GRA-IDW, GRA-Kriging, QM)°ll thall WAHZ-S Ssto] 4 WA 7]
He A5 607 BS54 F HAS S AE 2715 Ast7| $lsl oA |o-sE g
A IS4 =] FH95.7 km/station)s 71ECE ARESIIHE 6071 BS54
(60-fold) & 1170E EA A|E(calibration set)E, 4975 AS M E(validation set)

A

9] 77|12 AAsPH 95.7 km/station T4 W s FFAZ £ th

202 AEYYFE(systematic random sample)S ARE3SI 607 =4 &
1V B AESE F5519] & 6071 2dE Aottt HSH o= 3714 HelHH

7S ZF 607 2doj A83ke] COR, RMSE, MAE, NSEZ AHY5}9ich

|0

[©)

3.4

192 718t 7

Jor

Kig g AL

-0

ARG 7S Ame HFHOR W G s dEARZ 1998WRH
20177k TRMMZ} GPM 91430l At 10 km SA=E Raw_SRE 73--Ak=, H
1% BC_SRE #& DBS} 519t} PRISM 2o oJa) AAIskE AFz& 5 km AA5]
A2 YAl 94994 Raw_SRE_PRISM, HO¥ Y% BC_SRE_PRISM®| FEi= DBS}
SF1l NetCDFR AlFo| 7Fsotal, FE HE AEAREC| o]85}7] HWalA sb7] flstoq
GeotiffFH2 A= AZ7hsotH, olo] et g AatEo] et A¥S Table 140
e Qi
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Table 14. Final products of satellite rainfall estimations

Type Period Temporal resolution Spatial resolution
1. Raw_SRE 1998-2017 1 day .
2. BC_SRE 1998-2017 1 day o
3. Raw_SRE_PRISM 1998-2017 1 day .
4. BC_SRE_PRISM 1998-2017 1 day 00

HHROLE= ZF2 MO & o|FojA 17| fiieo] AR S e A& HHrRolE 7HE, 59
Ao &g5t7] fsiME FETY 9 {9 & Yok AY(Shapemd FH)L=
Clippingdto] A7E A5 HRAJo] AthFigure 23). APCCUo] & 2Eo] LAH
o] 9)7] H&o HFH o= Ysk= 7k, Hok= A9 2 NetCDF, Geotiff, A&,
UAESS oA End user E0| AEsto] Wik 4= Q=g 7§ Atg A A"
e oot

GPM daily rainfall estimate

1355 i ‘

195% { ‘

165°E 166.5°€ 168°€ 169.5°€ e

0 6 12 B 4 2 3% 2 4
GPM dady rainfall estimate (mm)

Figure 23. Example of climate data service system for Vanuatu
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4.1 A83Y A4S 24t

4.1.1 EAR A=

XA R Dol it A5 ZATE Table 150 HWehfiqlth. 1998+
2017¢ 10 km F7oMdEe] dAtmo] gt ASOS #EAt=2F TRMMI} GPM 94
AFE v|wsl] Y5te] 1998ERE 20144 7¥7kA] 4735 20149 SERE
20179714 SAA &4 AEE HASISI

Table 15. Statistics evaluation of the performance of Raw_SRE

All satellite products TRMM TMPA GPM IMERG
Statistics
1998-2017 1998-2014.7 2014.8-2017
COR 0.7750 0.7760 0.7530
NSE 0.5360 0.5360 0.5140
BIAS 1.0420 1.0350 1.0650
MAE 2.9490 3.0450 2.5040
ME 0.1590 0.1400 0.2050
RMSE 9.2840 9.5750 7.7700

ABATE QAR 1998 EEE 2017W71A] 0.7752 B3 FeHert &4 b
ko, TRMM TMPA, GPM IMERG 10 km Y753 ABAGIES 0.776, 0.753°02
A 2ol Y] gkglet. BIASERS HOE Yotk y] gt BAZ EAHoR X&glo]
19 9ol glo] 1Hth & Afols LAV dAE ghol ASOS Kot #ff 45 15}
2g fle dAFGohs S Uetde A2 BE 77l AA93EE Fho] A48t
Zxtg R Hf3gshis A2 & 5 Stk MAE, RMSE 32 F3zo 7 A 9ARR
#o] ASOS Atmgholl ZHsk=A1E Uetdle SARCSE 0975 =7 &4 ok
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TE 949789-9] MAE, RMSE 352 2.9490, 9.2840= H|w& A7}t &4 Uit
MAE, RMSEZFS TRMM TMPA, GPM IMERGE WirolA EH MAEZ} 3.0450,
2.5040, RMSE 9.5750, 7.7700& GPM IMERG A&7} TRMM TMPAR T 95351 2
= eI o] FZo] AR GPM 94 A4 9] A3 A= (308, 10 km)7}
TRMM TMPAQBAIZE, 25 km) Eot &7] fledl 2o & wohenh. 9447399 844
P71E golr7] 98 YoflA A3t FBS, POD, FARS o YehlitkTable 16).

Table 16. Comparison of FBS, POD, FAR for Raw_SRE

Statistics All satellite products TRMM TMPA GPM IMERG
1998-2017 1998-2014.7 2014.8-2017
FBS 0.9680 0.9460 1.0460
POD 0.6710 0.6620 0.7080
FAR 0.3060 0.3000 0.3230

AANYGAAR Q] 7= 7HA] A= FBS, POD, FAR 0.9680, 0.6710, 0.3060 3+
YERHRAIL, TRMM TMPA, GPM IMERGY] Zfol+= =4 Qlo] BYsH Yt A

stelg 4 ottt

4.1.2 HOEHS k=

=S fido = 37K "o 7](GRA-IDW, GRA-Kriging, QM)°]l thsf i
AA%5S 604 =3sto] COR, RMSE, MAE, NSEE AFg3}9ith. Figure 24+ SH=
£ der 37k HoRA 7HMoR wAEFES SR RS HoFi Sith
Raw_SRE= USRS YAV S B71E 235 2WshH BC_SRE(IDW), BC_SRE
(Kriging), BC_SRE(QM)2 Z+Z} GRA-IDW, GRA-Kriging, Quantile Mapping 7]

2 088l WAAZL (0MH ST Ane g

COR#:Z ¥ 2 ¥ Raw_SRE= 0.7750, BC_SRE(IDW) 742 0.8150, BC_SRE
(Kriging) Xk 0.8115, BC_SRE(QM) S22 0.77302% LERHTE RMSES 4
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HHEH Raw_SRE= 9.2840, BC_SRE(IDW) S3H4t2 8.3650, BC_SRE(Kriging) S3¢
e 8.4500, BC_SRE(QM) Z7HES 9.28400% Urehdth COR, RMSES ArHyd
BC_SRE(IDW)2F BC_SRE(Kriging) 7I'#°] BC_SRE(QM) 7| &t 253t ¥4 Azt
2 Hoj=7 9t} MAE, NSEZH| AESH A7 BC_SREIDW) 7|Ho] A2 025t B
275 HojFk Zo HAaso] ¥l B4 7|¥< BC_SRE(IDW) o2 A%stol
HOH A AAARE AYASITH

HEHOoR WAHAL ST vl 607} BLDo] el TAHZL ST 2 F
NN 7V $ EAFE Hole RS AAste] AH&3I9It Table 172 £ AFlA
AAst BC_SRE(IDW) 7|H9] EA4 AS Hoj=7 o}

o
082 % 05
0.80 % ;90
078 8.5 % %
8.0

Correlation coefficient
RMSE

Raw SRE  BC_SRE(IDW) BC SRE(Kriging) BC_SRE(QM) Raw SRE  BC_SRE(IDW) BC_SRE(Kriging) BC_SRE(QM)
Bias-correction method Bias-correction method
(a) Correlation coefficient (b) RMSE

31 0.68
o E— % 64
29
. 0.60

. al
27 E

z

26 052
25
24 . 0.8
23 0.44

MAE
SE
)
S

Raw_SRE  BC_SRE(IDW) BC_SRE(Kriging) BC_SRE(QM) Raw_SRE  BC_SRE(IDW) BC_SRE(Kriging) BC_SRE(QM)
Bias-correction method Bias-correction method
(c) MAE (d) NSE

Figure 24. Cross-validation result of three bias—correction methods for South Korea



Table 17. Statistics evaluation of the best performance of BC_SRE(IDW)

| OAERS TR

HESY 7 VIR K=

22| AL OHE

Statistics BC_SRE(IDW) Statistics BC_SRE(IDW)
COR 0.8310 RMSE 8.0320
NSE 0.6450 FBS 0.9130
BIAS 1.0160 POD 0.6870
MAE 24180 FAR 0.2470
ME 0.0620
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Figure 25. Scatter plot before and after bias—correction(GRA-IDW) for South Korea
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Figure 26. Bias—correction(GRA-IDW) result for South Korea
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Figure 27. Statistics before and after PRISM for South Korea

Table 18. Correlation and RMSE before and after PRISM for South Korea

Before PRISM After PRISM
Statistics
Raw_SRE BC_SRE(IDW) Raw_SRE_PRISM BC_SRE(IDW)_PRISM
COR 0.7750 0.8310 0.6527 0.7117
RMSE 9.2840 8.0320 11.6621 10.6004
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Figure 32. Annual precipitation before and after bias—correction(GRA-IDW) for South Korea
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Figure 33. 20-year average monthly precipitation before and after bias—correction(GRA-IDW) for South
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Figure 34. Annual precipitation before and after bias—correction(GRA-IDW) for Vanuatu
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WMO(World Meteorological Organization)o|A Al&dk= ETCCDI(Expert
Team on Climate Change Detection and Indices)& ©|-&o}0o] £ ¢ Lof A AAlSH
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Table 19. List of 11 climate indices (Karl et al., 1999; Peterson et al., 2001)

No. Index Description Unit
1 CDD Maximum number of consecutive days with daily PRCP ¢ 1Tmm day
2 CWD Maximum number of consecutive days with daily PRCP > 1Tmm day
3 PRCPTOT Annual total PRCP in wet days (daily PRCP > 1mm) mm
4 R10mm Annual count of days when PRCP= 10mm day
5 R20mm Annual count of days when PRCP> 20mm day
6 R80mm Annual count of days when PRCP2 80mm day
7 R95pTOT Annual total PRCP when daily PRCP ) 95 percentile mm
8 R99pTOT Annual total PRCP when daily PRCP ) 99 percentile mm
9 SDl Annual precipitation divided by the number of wet days mm/day
10 Rx1day Annual maximum 1-day precipitation mm
1" Rxbday Annual maximum 5-day precipitation mm
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Figure 38. Spatial correlation matrix before and after bias—correction(GRA-IDW) for South Korea
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Figure 40. Variogram before and after bias—correction(GRA-IDW) for South Korea
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Figure 41. Variogram before and after bias—correction(GRA-IDW) for Vanuatu
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Figure 42. Correlation coefficient between observation and satellite estimates for 49 ASOS in South
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Figure 43. RMSE between observation and satellite estimates for 49 ASOS in South Korea
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Figure 44. Correlation coefficient between observation and satellite estimates for 49 ASOS in Vanuatu
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Figure 45. RMSE between observation and satellite estimates for 49 ASOS in Vanuatu

Figure 46-Figure 532 3HHE9l WRpolR g tidos dSAE, YA AE,
IDW 7I"o= HOHA 9 gt dis) AE, & A, RMSES A4 2
T} FFE HRE BoFa gl e 497 Aol tigt A5 ZTE oneh Hhe
oFF= 671 Aol izt B s ofw|gitt

St A, RMSES] WS} 2fol7t A7) ghot Z1d AollA SdatA =&
U= QFAIRE ks o g HolRzy dof vjs AdAle= S715HL, RMSE= Aashe
& SISk Raw_SRES| 1€, 12€9] A7 Adidor 22 Jos Uehs
o, RMSE= 74, 8¢9 & 222 YET. RMSEZ} 74, 8¥o] A A =Ee A
SRt ol oFl AFHE AL s Raw_SREZF €4 27] o139l
Aol High oot 53 Zlos dekdEnt Ho|RAS 533 BC_SRE(IDW) 2
g AW EH JYRE A RMSEZF /iAE HE SIS Qlok vhirolR



4, oz 65

6/ Aol gt B4 Avolnz AXHoz WeluA Ao JuAST S5,
RMSEZ} 743He A0® BAjwglc

Correlation

Correlation

(i) September

2 2 2
126 137 128 Ionwég 128 127 128 Ion‘z‘g 126 127 128 lon‘zg
(j) October (k) November () December

Figure 46. Monthly correlation coefficient between observation and Raw_SRE for 49 ASOS in South

Korea
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Figure 47. Monthly correlation coefficient between observation and BC_SRE(GRA-IDW) for 49 ASOS
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Figure 48. Monthly RMSE between observation and Raw_SRE for 49 ASOS in South Korea
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Figure 49. Monthly RMSE between observation and BC_SRE(GRA-IDW) for 49 ASOS in South Korea
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Figure 50. Monthly correlation coefficient between observation and Raw_SRE for 49 ASOS in Vanuatu
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Figure 51. Monthly correlation coefficient between observation and BC_SRE(GRA-IDW) for 49 ASOS
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Figure 52. Monthly RMSE between observation and Raw_SRE for 49 ASOS in Vanuatu
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Figure 54. Box plot of 20-year average annual precipitation after applying PRISM for South Korea and
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Figure 57. Annual precipitation after applying PRISM for South Korea
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Figure 58. 20-year average monthly precipitation after applying PRISM for South Korea
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Figure 59. Annual precipitation after applying PRISM for Vanuatu
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Figure 61. Box plot of 11 climate indices after applying PRISM for South Korea
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Figure 63. Spatial correlation matrix after applying PRISM for South Korea
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Figure 64. Spatial correlation matrix after applying PRISM for Vanuatu
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Figure 65. Variogram after applying PRISM for South Korea
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