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Abstract

Precipitation is one of the important factors in the hydrological cycle. It needs to understand accurate
of spatial precipitation field because it has large spatio-temporal variability. Precipitation data obtained
through the Tropical Rainfall Monitoring Mission (TRMM) 3B43 product is inaccurate because it has 25
km space scale. Downscaling of TRMM 3B43 product can increase the accuracy of spatial precipitation
field from 25km to 1 km scale. The relationship between precipitation and the normalized difference vegetation
index(NDVI) (1 km space scale) which is obtained from the Moderate Resolution Imaging Spectroradio—
meters (MODIS) sensor loaded in Terra satellite is variable at different scales. Therefore regression equations
were established and these equations apply to downscaling. Two renormalization strategies, Geographical
Difference Analysis (GDA) and Geographical Ratio Analysis (GRA) are implemented for correcting the dif-
ferences between remote sensing-derived and rain gauge data. As for considering the GDA method results,
biases, the root mean-squared error (RMSE), MAE and Index of agreement (IOA) is equal to 4.26 mm,
172.16 mm, 141.95 mm, 0.64 in 2009 and 17.21 mm, 253.43 mm, 310.56 mm, 0.62 in 2011. In this study, we can
see the 1km spatial precipitation field map over Korea. It will be possible to get more accurate spatial
analysis of the precipitation field through using the additional rain gauges or radar data.

Keywords : TRMM, NDVI, Spatial Precipitation Field, Downscaling

e N

739 R A SR8 84 Toll SR Al-IH WEAlo] ArE At Tt 7o) vjete] oLy Ao
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Difference Analysis)2} A&7} ¢4 745 Az obe] vj&2 H
78S ARgste] 1 S VERISLEE seivkeke] 37t

= ¥4 38= GRA (Geographical Ratio Analysis) 234}

o AN AH ARE 7|F0R Bl P AAEY

1 A3} GDA A3} 715 9] 4971 20099 (Bias=4.26 mm, RMSE=172.16 mm, MAE=141.95 mm, IOA=064), 2011J(Bias=

17.21 mm, RMSE=25343 mm, MAE=310.56 mm, IOA=062) 2.2 71§ % 2t o2 Vet

o) ko Sl

T AL Lkme] 7 YRR @ & 9glom, o vt Aol 8 Fel BAe AU A, B5
dolt] A2E 7 A 1S 489 Bg AE TU P9 AR 5 9 Aol

AE0{ : TRMM, NDVI, 37+ 2%, &3t 7|H
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Pegram (2006)°1 4= A7 $-
ARE st B3 FEE VERLES wivt X4
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cal Administration, KMA), 914457173274 (Auto-
matic Weather System, AWS), A 1% - (Minister of
Land, Infrastructure and Transport, MOCT)ol| A =3k
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Parameter—elevation Regressions on Independent Slopes
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T2 Azt o] 9 74 A A5 http/dise.scl.
gsfenasagovell ] HDF SEjE vhs 5= 9lom Age] &
25 Table 29 YeRHEE TRVMM 3B43 A5+ Y4 %= #
FEA(Geographic latitude and longitude) HEjE = ich
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B 2) 2} F A)(Transverse Mercator, TM) = 7138} 244
AFA G| PR A AERS FES
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2.3 A MX|$=(Normalized Difference Vege-
tation Index, NDVI)

NASAoA 7jekst 232 9)X(Earth Observation
System, EOS)e.2 $4 % 7] #=S $13F MODIS-
Terra (19993 1290l LAp <} H° BE-S 213 MODIS-
Aqua (2002 5€el ZADZ} St} Ealls 718 AlA
MODIS+= Terra (EOS AM)¢} Aqua (EOS PM) =r#H%=
el FA Fojlem F 3670e] M=rE Q1AL 250 mell
A 1Tkmell o]2% tpfet ¥t sy =sE 2heth 2 d
ol A= MODIS S 2RF2(MOD13)oll A Al &-8l= 169 7+
Z9] 1km 33t SN EE 2 A A8A5(NDVD) AH&
£ ARS8 Y. MODIS #+ A&+ http://ladsweb.nas
com.nasa.gov/oll 4] HDF HE|2 A&}
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e Ao Eegte] gl IR 14F AL 9
om frof 9 w7hde]e] Age AHS 91 A 1At
= i3H AL vk A o] i R 71 REE s
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3.1 Relationship between Rainfall and NDVI
(TRMM-NDVI)

Immerzeel et al. (2009), Jia et al. (2011), Duan and
Bastiaanssen, (2013)°14] 7+--2} NDVI<Fe] AAALS A
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A3} 1ol A-&A17 k. TRMM 3B43 V7ol € ¥4 % ol A AlestRd e, nSA A q(uiehS viAIStIL A
T AEE 9 @9 74 Frolw, 2 Aol A s} 7HES A&kt FARAE e AAE 7Y
of Sl 9 A A9 7 And FAA @S A AL ofsl 2,
S35tk NDVI ol 2% -39} 97k Q= A2 of 1) Version 7 TRMM 3B43¢] & %) 7922 41747)
Ueg 0 o]sle] k& TRMM-NDVIS] 3]72] Ak 214 (5~99)l 2A FHANA FAZFFF A5E 2+ A
Table 1. Description of Study Stations
No. | Site No. Station Start Period | Lat. Long. | No. | Site No. Station Start Period | Lat. Long.
1 90 Sokcho 1968.01.01 | 38.2648 | 1285814 | 38 188 Seongsan 1971.01.01 | 33.3868 | 126.8802
2 B Cheorwon 1988.01.01 | 38.1479 | 127.3042 | 39 189 Seogwipo 1961.01.01 | 33.2461 | 126.5653
3 9B Dongducheon 1998.02.01 | 37.9018 | 127.0607 | 40 192 Jinju 1969.03.01 | 35.1638 | 128.0400
4 9 Munsan 2000.12.01 | 37.8859 | 126.7665 | 41 201 Ganghwa 1971.01.01 | 37.7074 | 126.4463
5 100 Daegwallyeong 1971.07.11 | 376772 | 1287183 | 42 202 Yangpyeong | 1971.02.01 | 37.4886 | 127.4945
6 101 Chuncheon 1966.01.01 | 37.9026 | 127.7357 | 43 203 Icheon 1971.01.01 | 37.2640 | 127.4842
7 105 Gangneung 1911.10.01 | 37.7515| 1288910 | 44 211 Inje 1971.09.01 | 38.0599 | 128.1671
8 106 Donghae 1992.05.01 | 375071 | 129.1243 | 45 212 Hongcheon 1971.07.01 | 37.6836 | 127.8804
9 108 Seoul 1907.10.01 | 375714 | 1269658 | 46 216 Taebaek 1985.09.01 | 37.1703 | 1289893
10 112 Incheon 1904.04.01 | 374776 | 126.6244 | 47 221 Jecheon 1971.01.01 | 37.1593 | 128.1943
11 114 Wonju 1971.09.01 | 37.3376 | 127.9466 | 48 226 Boeun 1971.06.16 | 36.4876 | 127.7341
12 119 Suwon 1964.01.01 | 37.2728 | 1269856 | 49 232 Cheonan 1971.01.01 | 36.7767 | 127.1192
13 121 Yeongwol 1995.01.01 | 37.1812 | 1284575 | 50 235 Boryeong 1971.12.10 | 36.3272 | 126.5574
14 127 Chungju 1971.01.01 | 369704 | 1279527 | 51 236 Buyeo 1971.01.01 | 36.2724 | 126.9208
15 129 Seosan 1968.01.01 | 36.7766 | 126.4939 | 52 238 Geumsan 1971.07.01 | 36.1056 | 127.4817
16 130 Uljin 1971.01.01 | 369918 | 129.4128 | 53 243 Buan 1969.05.11 | 35.7295 | 126.7166
17 131 Cheongju 1967.01.01 | 36.6392 | 127.4407 244 Imsil 1969.05.11 | 35.6123 | 127.2856
18 133 Daejeon 1969.01.01 | 36.3720 | 127.3721 245 Jeongeup 1969.05.11 | 35.5632 | 126.8661
19 135 Chupungnyeong 1935.09.01 | 36.2202 | 1279946 | 56 247 Namwon 1971.01.01 | 35.40%4 | 127.3330
20 136 Andong 1982.04.06 | 365730 | 1287073 | 57 248 Jangsu 1988.01.01 | 35.6570 | 127.5203
21 137 Sangju 2002.01.01 |36.4084 | 128.1574 | 58 260 Jangheung 1971.01.01 | 34.6887 | 126.9195
22 138 Pohang 1943.01.01 |36.0326 | 129.3796 | 59 261 Haenam 1971.02.01 | 34.5536 | 126.5690
140 Gunsan 1968.01.01 |36.0053 | 126.7613 | 60 262 Goheung 1971.01.01 | 34.6182 | 127.2757
24 143 Daegu 1907.01.07 | 358852 | 1286190 | 61 271 Bongwhoa 1988.01.01 | 36.9436 | 1289145
146 Jeonju 1918.05.15 | 358215 127.1550 | 62 272 Yeongju 1971.01.01 | 36.8719 | 1285170
26 152 Ulsan 1931.07.01 | 355601 | 129.3203 | 63 273 Mungyeong | 1971.01.01 | 36.6273 | 128.1488
27 155 Changwon 1985.07.01 | 351702 | 1285729 | 64 207 Yeongdeok 1971.12.01 | 36.5333 | 129.4094
28 156 Gwangju 1938.10.01 | 351729 | 126.8916 | 65 278 Uiseong 1971.01.01 | 36.3561 | 128.6886
29 159 Busan 1904.04.09 | 35.1047 | 129.0320 | 66 279 Gumi 1971.01.01 | 36.1306 | 128.3205
30 162 Tongyeong 1967.01.01 | 34.8455 | 1284356 | 67 281 Yeongcheon | 1971.01.01 | 35.9774 | 1289514
31 165 Mokpo 1904.04.01 | 34.8169 | 126.3812 | 68 284 Geochang 1971.01.01 | 356712 | 1279110
32 168 Yeosu 1942.04.01 | 34.7393 | 127.7406 | 69 285 Hapcheon 1971.01.01 | 35.5650 | 128.1699
169 Heuksando 1997.01.01 | 346872 | 1254510 | 70 288 Miryang 1971.01.01 | 354915 | 128.7441
170 ‘Wando 1971.05.01 |34.3959 | 1267018 | 71 289 Sancheong 1971.01.01 | 35.4130 | 127.8791
35 175 Jindo 2001.11.01 | 344721 | 126.3238 | 72 294 Geoje 1971.01.01 | 34.8882 | 128.6045
184 Jeju 1923.05.01 | 335141 | 1265297 | 73 295 Namhae 1971.01.01 | 34.8166 | 127.9264
37 185 Gosan 1983.05.01 | 33.2938 | 126.1628
Table 2. Characteristics of Version 7 TRMM 3B43 Monthly Data (http://disc.sci.gsfc.nasa.gov/)
Version 7 TRMM 3B43 Monthly Characteristics
Temporal Coverage Start Date : 1998 -01-01
Stop Date : Recently
Geographic Coverage Latitude : 50°5 - 50°N
Longitude : 180°W - 180°E
Temporal Resolution Monthly
Horizontal Resolution 25 km x 25 km, nlat=400, nlon=1440
File Type HDF
5464 51158 20134 11H 1133
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3.2 GDAT} GRA 23 AMMIE 7[H

3.2.1 Geographical Differential Analysis (GDA)
method

Cheema and Bastiaanssen (2012)°l] 2]3|lA4 #|ot&
Geographical Differential Analysis (GDA)E 3.1& 0l A]
HAFHo 2 T3 Prymn ™" A5ZS AT A9
A AFAol A S5 A-Fe] Aol & F3f A
= geltk

9 8) WA T Prpgrans™ " A5 AT
19 bt S AbEsth 1 % 4o 22 A
A 3 BAE 2P el AolE &S e
Pippmor “™)(Eq. (6)).

N

oint Uncal—1km
AP(U )Error — P(z J)TRMM ~— P(i,j)poim (6)
10) Eq. )14 AR A P’ ™ 52

Nalder and Wein (1998), de Amorim et al. (2013),
Aalto et al. (2013)°14 Yeld AEF} 2Eo] A7}

FTHE o83l 1kme] A2ie Pijmm' )5
WA H:‘r<Eq (7). DW= A7t 7Pk A=
el VA5 Fofdte] Bitels Wy o R i
o] Wolgds 7 J%Pl wEA 78 g e Frdol
2ltHErxleben et al., 2002; Hwang et al.,, 2010).

N G g

11) Eq (7 OH ?_OHX P(l])frror[DW ! km X}E% P(l',j')

Uncal~1 fan-; : 1
ma JJr gtAste] A&tk Ge. Py jica-aa

“ (Bq. (8)). ©] 34< Bslo] A3t QA e
2 AEd X} el A3 g BT
% 9t

1 km _ pUncal— 1k IDW—1k
P(L'ﬁjv'r)nCalfG’DA 7P(i,]l'l)uTB]l{];; AP(z j)Enorm (8>

3.2.2 Geographical Ratio Analysis (GRA) method

Geographical Ratio Analysis (GRA)E 2139143} =
A 7-IEA AEZre] Aaks BAgshs g B FQl
v o 2 AE A= oo g

12) Eq. 99le} 2o 8) Aol 8 Py s ™"

24579} ofof t-8-E= A8 B (Pooind S PN (P jratio
pointy 2. A} g,
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point _ Uncal—1 km
P(Iz - P[mi,nt /P(l,J) TRMM (9>

JIratio

13) Eq. (1000041 2 A 3lA 2328 ¥l(Py ™™ E
WS ARE-3LO] Py ) 7L
Q1 kme] AR P jraio’ ™) E FEAZ
A8t Pijmmnt ™ " Ape= GRA 4

14 A2 BAE 29 B Pjcar-crd ™)

A
= UEHEq. (10)).
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g
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o
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of
ol

1A

Mo o Mz AL
F
>,
™

e
ftlo

1km Uncal—1 km m

_ k
P S a— cra = PG trans < P(bj)ratio 10)

3.3. SAIsH &4

73712] A 75 AFset TRMM 3B43 Vel € 74 7
T ARSI AR), ZAE 7HS HE3 A AREY
S S getebr] flal 71EA Q) FASH A
S AL BATH B o 2E Bias, Bt Ay
2 2HRoot Mean Square Error, RMSE), # Ht] 24}

(Mean Absolute Error, MAE), ¢ *]%=(Index Of Agree-
ment, JIOA)E AH&FILE Bias®E A3 xget 94 2 A
Al Mo de ARE vlwste] QAE eIt
(Eq. (11)). RMSE®} MAE+= 0l 7Me4-5 A3 A=
oF Mgk 71EE B3 94 AR AV S eI
(Egs. (12) and (13)). QA 5+= YA A2 1A =p87F
o] drpnkE Y3k A& BSHEq (14). €A EE
1ol 7Phe5 914 Aok A Aks Alolo] fAM &

Uit (Back et al., 2013).

Bias= %Z(R—M} (11

i=1
SE = ,/%E(Pi—Mi)Q 12)

i=1

e -
7Y — (13)
n
(P M)

J0A=1— 1 (14)

N (P — Pl+|P — MI)?

=1
P= 94 2 A 7S
A

o
73N Al 2 AR -F ARE FES] U
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>
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tlo
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e
)
rlo
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& =l
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Fig. 2. Regression between NDVI and TRMM 3B43 V7 Precipitation

Table 3. Regression Equations between NDVI and TRMM 3B43 V7 Precipitation

Year R’ Regression Equation (x: NDVI, y: Precipitation)

2007 0.21 y = 311.11x° - 236.47x + 165.38

2008 0.25 y = 291.62x° - 150.13x + 156.65

2009 0.39 y = 667.90x° - 437.31x + 21691

2011 0.37 y = 236.71x° - 14509x + 119.98
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th TRMM-NDVI®| k& #14 2HE Eefl B43% GDA A st vlugls W A ol RAENES 29
SF GRA A3t 7oz 23l Zh-e-wke] -5 A1 T AN

%

Ak

"

ol oot ﬂJlO
rlr il

w}

ot
ofl on o

o2 ) lo
:?13

welrks A mRom, ol A3 Amet )

S0 A& YERATE Fig. 3(b)+= 2011
Zjzoln), o] g Zo A= ¢ TRMM A

¢ TRMM-NDVI A8t 7|92 Salf 343 49

1136

Table 401 247ke] 24 Aol ek A 2413
o] Aelskat. 9 TRMM AF=.2F TRMM-NDVI Al 8k

719 e] 44 B o2 oF 00 mme] 9ol #a 74
| Ao veRdth GDA sk 7% e 79 20090l
BEKR RS ERE



2500

GDA Method

GRA Method

]
8

TRMM-NDVI

* Original TRMM

&
8

g

Estimated Precipitation (mm 5month1)

g

0 500 1000
Rain Gauge Data (mm Smonth b}

2500

(a) 2009

2500

GDA Method

GRA Method
2% 1 TRMM-NDVI
=
c Fad
S .. ° p
LE * Original TRMM s <>.

> >

E ¢ o i
£ 1500 =) 2 r
c o . 2 0%
el ° i
3 288 Bl o o
i3 o
& 1000 - 4 o
&
o
13
i)
o
E
=
u

"]
=]
&

W x
a X =
T
3 x:sE BxE BAEE | A
.3 A i

0 500 1000 1500 2000 2500
Rain Gauge Data (mm 5month1)

(b) 2011

Fig. 3. Scatter Plot of the eSTIMATED PRECIPITATIon from 73 Validation Rain Gauge Sites Versus the

Estimated Precipitation from Original TRMM 3B43 Product (Original TRMM),

Downscaled (TRMM-NDVI),

Calibrated Downscaled using GDA Method (GDA Method) and using GRA Method (GRA Method) for 2009,

2011 for Study Area

Table 4. Statistical Analysis of Validation Results using 73 Rain Gauge Sites

Year Data Type Bias (mm) RMSE (mm) MAE (mm) IOA R’
Original TRMM ~725.85 756.97 725.85 0.09 0.04

2000 TRMM-NDVI ~731.28 767.40 731.28 0.13 0.01
GDA Method 4.26 172.16 141.95 0.64 0.38

GRA Method 52.88 464.81 341.55 0.77 0.10

Original TRMM -1028.45 1079.35 1028.45 0.01 0.34

2011 TRMM-NDVI -1035.15 1088.99 1035.15 0.02 0.08
GDA Method 17.21 25343 310.56 0.62 0.49

GRA Method -61.97 398.46 217.03 0.72 0.17
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