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PREFACE

It is our pleasure to present this report on the APEC Climate Center (APCC)’s

research activities in 2013, which has been a very productive year for our Center.

APCC has expanded its research scope, in response to regional societal and
scientific needs. While building expertise in climate prediction remains a priority,
we are extending our reach to include policy-relevant climate applications and

value-added climate information products.

APCC has accelerated efforts to better our service to the region. As one of
the main services provided by APCC, the MME 3-month prediction information
has been productively applied by scientists in developing countries that are unable
to produce their own prediction information. Furthermore, in order to better
prepare for climaterelated hazards in a timely manner, APCC launched its 6-month
MME prediction service in September 2013. We also began to release forecasts
of the Boreal Summer Intraseasonal Oscillation (BSISO), starting from July 2013,
as the world’s first operational BSISO forecast service. Our researchers also achieved
great success in publishing their papers in noted academic journals. Dr. Ok-Yeon
Kim, for example, published a paper in Climate Dynamics and her research was
later selected as one of the Research Highlights by another distinguished journal,
Nature Climate Change. The following research report provides more information

about our research outcomes from 2013.

We will continue to promote the best use of our research outcomes in various
scientific and application areas. Our successes and achievements would not have
been possible without the support of our valued partners. In this regard, I extend

my thanks to you and I hope you enjoy this 2013 Research Report.

Chin-Seung Chung
Director, APEC Climate Center
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Estimation of long-term streamflow from watersheds is very important to manage water
resources effectively and to cope with water-related disasters, including flooding and drought.
Long-term streamflow prediction is generally achieved through hydrological modeling, which
includes preparation of input datasets, an implementation of a hydrological model, and model
calibration. For the watershed of interest, the hydrological model simulates streamflow and an
optimal parameter set is estimated by comparing the output data with measurements. This
parameter set can be applied to predict another runoff event within the same watershed.

However, daily hydrometeorogical observations, including streamflow, air temperature, relative
humidity, sunshine, and wind speed are insufficient for hydrological modeling in many watersheds,
even though precipitation records are relatively abundant. This lack of appropriate data interferes
with the accurate and reliable prediction of streamflow. Moreover, complex nonlinear equations
are added to recently developed hydrological models to simulate more accurate watershed
responses. Thus, many parameters in the models may require estimation through model calibration
because of the deficit of measurements.

Model parameters can be transferred by using different regionalization methods, which transfer
a parameter set from the nearest watershed to the watershed of interest, consider the streamflow
from a different watershed with the most similar properties, and use the mean values of the
parameters from the neighboring watersheds.

This study employed linear regression equations between the model parameters and physiographic
attributes of watersheds, such as drainage area, elevation, slope, land cover, and soil type, which
is the most widely used regionalization method. A distributed hydrological model, the Coupled
Routing and Excess Storage (CREST) model, was employed for streamflow simulation in the study
areas, namely the Chunju Dam basin (CJDB), the Soyanggang Dam basin (SYDB), the Andong
Dam basin (ADDB), the Imha Dam basin (IHDB), the Namgang Dam basin (NGDB), the Miryanggang
Dam basin (MRDB), the Yongdam Dam basin (YDDB), and the Juam Dam basin (JADB). Two of
these basins, MRDB and JADB, were considered ungauged basins for validation.

The Tropical Rainfall Measuring Mission (TRMM] 3B42v6 from the National Aeronautics and
Space Administration (NASA) and the Potential Evapotranspiration (PET) from the Famine Early
Warning System Network (FEWSNET) were applied to the CREST model as two meteorological
input forcings. Topographic parameters were estimated from the Digital Elevation Model (DEM]
of the Shuttle Radar Topography Mission (SRTM).

Streamflow simulations were implemented by the CREST model from 01 Jan 2004 to 31 Dec
2009 at a daily time-step and the optimal parameter sets were found using the Adaptive Random
Search (ARS) method. The relationships between the model parameters and the basin properties,
including drainage area, elevation, slope, longest path, river length, elongation ratio, impervious
area, forest area, paddy field, and crop land, were computed using the multiple linear regression
method for the six gauged basins. Then, new parameter sets were generated by the regression
equations and the physiographic properties of the six gauged basins and the two ungauged basins.
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Finally, the new parameters were validated for all the study basins and assessed by four indices,
namely the Nash-Sutcliffe Coefficient of Efficiency (NSCE), Percent Bias (PBIAS), Root Mean Squared
Error — Observation Standard Deviation Ratio (RSR), and the Pearson’s Correlation Coefficient (PCC).

The results showed that the CREST hydrological model and the proposed regression equations
can acceptably simulate streamflow, considering NSCE, RSR, and PCC in both the six gauged
and the two ungagued basins. However, they provided somewhat biased streamflow simulations
for all the study basins. In further studies, these biases should be reduced by adding other basins
and by finding basin properties that are highly related with the model parameters.
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Figure 1 Study basins
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Table 1 Percent areas of land cover distribution (unit: %)
Value Cover Type CJDB | SYDB | ADDB | IHDB | NGDB | MRDB | YDDB | JADB

1 Water 1.0 1.3 1.5 1.0 0.8 0.1 0.3 2.6
2 Urbanization 05 0.7 0.0 0.9 0.3 0.2 2.7 1.5
3 Eroded Area 1.0 0.6 1.1 0.1 0.1 0.2 0.5 0.1
4 Marsh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 Grassland 2.2 05 0.0 0.0 0.0 0.0 2.1 2.0
6 Forest 83.3 90.9 85.4 82.1 75.3 88.5 79.9 73.7
7 Paddy Field 10.4 2.8 6.3 9.6 16.5 6.2 8.4 12.8
8 Crop Land 1.6 32 5.8 6.3 7.0 4.9 6.1 7.2

2.2 93 A=

2.2.1 TRMM 3B42v6 L2t

NASAQ] Goddard Space Flight Center(GSFC)olA&= 3A|7F 7HA 02 FTeA
0.25° X 0,25°9] TRMM 3B42v6 ZARE AMIelo] AIZ31 1Tk, of A=z of
o) MASTIE BEE AR olgsio] MUY JHARES 2T AT,
TRMM 3B42v6 A2 53 mlo|aizst 2zt A T AREslel AelRd
AmE olgshal Qlrt, o] Amo|A ARGE 53 vio|AE At&E+= TRMM Microwave
Imager(TMI), Defense Meteorological Satellite Program(DMSP) $14129] AQUA £JA<]
Advanced Microwave Scanning Radiometer—Earth observing system(AMSR-E), “1&|1l
National Oceanic and Atmospheric Administration(NOAA) $JAJof AF2FE Advanced
Microwave Scanning Unit-B(AMSU-B) A}=o|t} Zelajd A &= Geostationary
Meteorological Satellite(GMS), Geostationary Operational Environmental Satellite
(GOES), Meteosat—5/—7 531 NOAA YAl ARE 0|85}l QuHHuffman et al,,
2007).

TRMM 3B42v6+= & X+ 7} A= 2 A] Universal Time Coordinate(UTC) A|A|=
TAdEle] ik UTC AAl= $-2luet X323 A] (Local Standard Time, LST)€F 9AIZE
o) Ao]7} 9l7] uhgol, LSTR TAT ANEAR} ML U] A BAAE 2

133




134

APCC RESEARCH REPORT

SAZE HAYE 4= lth(Kim, 2013), whEhA] & Atoll A A ©] Amst obd 3ARL
ZHA 22 AF == TRMM 3B42v6 AF75 o|gato] S-2jufe} LSTel AAsh= U T
AeAtaRE Hgksks PSS sl dlE B0, $-elue LSTR 20059 19 1%
A 9] Aol s AAsH] YA 20049 129 312 15:00UTCEEE] 20054
19 1¢] 12:00UTC7}A| 2] TRMM 3B42v6 AFaS dAlgho @4 o the] Zpata s wsth
a9ict.
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2.2.2 FEWSNET ZE7xj{Z ezt

FEWSNETO A= A 2|5 R4 Z7HIKEE 1° X 1°9] o oho] ZrjjZuriter
(Potential Evapotranspiration, PET)Z AAkste] Al3-5tar 9l PETQ] AARS tfaat
Zo] Food and Agriculture Organization(FAO)S] 7|&HIlAo|A AAXEH A

Penman—Monteith B 4](Allen et al,, 1998)2 o]-&3}aL Qi)

900
0.408A(R, — G)+ 7m“2<

A+~(1+0.34u,)

€s — ea,)

PET= oy

7|, PET= SIS 2 9= [mm/daylolth R, 2 A Y &
EA[2H(net radiation)o]d, T [MJ/m’/day]; G= EOFO] FAET L (heat flux
density)o]H, @9 [MJ/m’/day]; 7= AXHOEHE 2 m o]ofi]o] UH7]
[C]: uy = AXHOZRE 2 m £0]of|A 2] F<[m/sec]: e, = E3157]Q [kPal; e, =
AAS7IY [kPal; (e, —e,), ZIF7IY F5F [kPal; A& S7199FA49 7187
[kPa/C]; 18]l v AGA A=(psychrometric constant) 2 T [kPa/Clolt} 2z}
H-Eo] thet AAMEH-S Allen et al. (1998)2 2=23}17] nigict,
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Figure 2 Comparison of monthly mean of (a] precipitation from TRMM 3B42v6 and [b) potential
evapotranspiration from FEWSNST in the study basins
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Al =T}, GDAS= NOAAo|A &=L qlom, mff 6A[7Hfch AFw7t AARET, o &}
=5 ol&sto] v 6AIZMIT PETE Atsial o5 itsto] o o9 PETE 743l
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2.2.4 X|2|HEXI=

2.2.4.1 SRTM DEM

SRTM-& 2000 2¢ NASA, National Imagery and Mapping Agency(NIMA),
German Aerospace Center(DLR), “12]1L Italian Space Agency(ASI) 52| 3-5A=2
THE AT, SRTM2 &9 50°F-E &9 60°7FA (1 A5+ A HA 2 oF 80%) 2] FY
of thste] Xl 37 X 3"(HE7]E oF 90m) 9] 4=X|FE AR (DEM)o|H, UK 2] 2o
A= 17 X 1" AkmE AlgEaL ek

X Lo A= University of Maryland(UMD)2] Global Land Cover Facility
(GLCF)E E3}¢] SRTM 90m DEM A2 22215190k GLCFo] A= DEM 2h2.o] Sk
aEsto] 1° X 1° 9|2 ARE AlFskal flom, 7|0k 33°N ~ 44°N, 126°E ~
OB Ak 0 % A, S5 DR g ) o 59

S ge] WOlARH Tefs}ol 1 km(Figure 3(6)2 MBS 0|2 WEHE 1 km
DEME 71202 SEUF FU5ES 5 2EY SERYH] 1RT HeE 240
ik, S8HHFgure 3(0)S 7 AAAT} 28 AR Ajole] LG o}83io] AL
£E 9L 1 5 AIPATOR RofBion], BB Figure )% Yl
Aol 1 271e] ARl Aok Aake) SR Helaiet

90m DEM
[meters]

- High : 1569
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Figure 3~ Sample figures of (a) SRTM DEM, (b] regridded DEM, and physical parameters including (c) flow
direction map and flow accumulation map computed from the regridded DEM raster in the Chungju Dam basin

2.2.42 EX|O|E

2002'dFE] 2009714 247|171l gt BEA| 0 R E w7 kpA e S i
Al 2El0 2 HE 2005 EXUEARES SEIQi. AAEAAIRE 7o 2 AlAbE
EXuEAlRZ 2= 1981 3K E 19943 71R| 2] Advanced Very High Resolution Radiometer
(AVHRR) A2E o]-83F A A7t 1 km EX|9EX}&E (Hansen et al,, 2000)2} Moderate—
resolution Imaging Spectroradiometer(MODIS) A A7+ 250 m EX|EAZE A|35]
AL Qlek ey WAMIS EA ] EARR] HIsjA St d Tt AT er W diiol
A3t 20| S Ho|al QlojA] B o= WAMIS A= o] 83l3itt. dlE EW, 49
W 799 BF WAMIS A=(F7HAE 1 km)ollA= oF 0.82%7F o= S/ 5o
U=t AVHRR AR (FZFHE= 1 km)ofA= =90] EAHA] o= Ao = YERdt,
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Figure 4 Land cover classification in the study basins
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o= #-g-0] 7l53ltHWang et al,, 2011),
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N 7P Ao A 2 B A#SE fEe 2] fgt 2719 AF AleAR
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Figure 5

Hydrological processes in the CREST model (Wang et al., 2011)
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2.3.1.1 X}t
Ayeke: 7Je0] 27} A Ro] ofo] e AEhs oo® HolE, CREST LRolA
+ ol A FHP] flote] A=A JiEE A-E8silnh HE5S Ae=A]9] 2
A=gako ool Zro] AJAo] Apch-8-aF(canopy interception capacity, CIC)(TH$:

CIC=k,xdx LAI (2)

A7IA, k.= EXHEY] AEAA G0, di= (XS4 A7 ARE A4
Sh= vl S, 18]l LAF= U5 (leaf area index, m®/m*)E e} T4}
FU BRARE Eslo] CI09) A A 24T ¢ U AL ko= 182 AAEH,
o] 79w - BAS ool HABHETE ARAE ESEW AR §4S Z}

tlo
BN

P,.,=P—(CIC— CI) (3)

A7|A, P, ANEH 22 ZrdH(imm/ hour)S, CR= 240l &) Ate

L Boogol AELERS AAS| )5} U]i’- Washington Eﬂ?ﬂ——] Variable
Infiltration Capacity (VIC) & (Liang et al., 1996)9] A= ¢ 7PARAEZAS A

g3k 9let,

i=i, [1—(1—4)""] (4)
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2.3.1.
TRt o] 7oA xpdkat ZFof o) £AlE ARE AlJst YA E f-a S
T 23 = (mm/hour)o)gt slaL, o] 23} =K R)ol| J8) f-=o] WSt
R=P,,— 1T (10)
23} 7FHR)S THA] A EYS0] HES A 3pHef| =3t =R P, ol ot
g AxEH FE(R)(mm/hour) Tt ST FE( RI)(mm/ hour) & Ut}
R .
K= if P,,>K
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Table 2 Parameters requiring optimization in the CREST model (Wang et al., 2011)

Parameter Description Range
coeM Slope flow speed multiplier 1.0-150.0
expM Slope flow speed exponent 0.2-0.9
River Multiplier used to convert slope flow speed to channel flow speed 0.1-3.0
Under Multiplier used to convert slope flow speed to interflow speed 0.01-1.0
LeakO Overland reservoir discharge multiplier 0.1-1.0
Leakl Interflow reservoir discharge multiplier 0.01-0.5
Th Flow accumulation needed for a cell to be marked as a channel cell 10.0-100.0
oM Change in DEM used for calculating the slope when the DEM for the downstream cell 05-20
is higher than the upstream or the downstream cell is a nodata/outside region cell

pWm Maximum soil water capacity of three soil layers 10.0-500.0
pB Exponent of the variable infiltration curve 0.05-1.5
pIM Impervious area ratio 0.0-100.0
pKE Multiplier to convert between input PET and local actual ET 0.1-3.0
pFc Soil saturated hydraulic conductivity 1.0-10.0
WU Initial value of soil water 1.0-100.0
iSO Initial value of overland reservoir 1.0-10.0
iSU Initial value of interflow reservoir 1.0-50.0

AreaC Multiplier that modifies the area of grid cells 0.5-15

2.4 Dj7HH X|Ht

3 Q1o Az CREST 1 ul/iseete] Alab B8 Slstel 5]
BN, HAGRAA, FoAZol, WAAS AR, BESEA, 4

1, A 5] FRSAAR AR

’

N

IR AT F YA A ARG 2 GBIt Holot EAQIAE F45

=
+ e AABL glom, Ha o] HEE & Sl

_1

o2 (drainage area) 2] B4 WS Yol HE FARTAR o]Fo]
A= 24 Yo HHA-S oJujsitt, HatE 1 (mean elevation)= DEM A7 2 HE Z+
AR o] ;NS Fbste] ARl =2 U Fholw, Bt AHmean slope)= DEM.2.
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AN A F 7P W AGE oulete, Ao (river length)= EH 402

L}EP& S-S whebA] 59 SO ERE 27 s ARRZIAIE ou)gitt,
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Table 3 Physiographic attributes of the eight basins

Drainage | Mean Mean Longest River Shape | Elongation |Impervious| Forest Paddy Crop
Basin Area Elevation | Slope Path Length Factor Ratio Area Area Field Land
(km') (m) (%) (km) (km) (%) (%) (%) (%)

CJDB | 6651.4 | 615.6 324 300.0 232.6 2.528 | 0.307 1.7 83.1 10.4 1.6
SYDB | 27835 | 6432 333 164.1 142.1 2.387 0.363 2.3 90.8 2.7 2.8
ADDB | 15903 | 562.5 29.1 164.1 109.2 2.428 | 0.274 1.3 85.7 5.9 6.1
IHDB | 1363.6 | 400.1 26.5 99.1 121.5 2916 0.421 2.3 82.0 10.1 55
NGDB | 2288.2 | 430.8 27.1 111.8 86.7 1.605 0.483 0.9 75.2 16.8 7.0
MRDB | 103.1 | 549.8 38.7 28.6 20.2 1.762 0.401 0.0 92.0 4.0 4.0
YDDB | 9315 | 5148 27.4 64.6 60.6 1.761 0.533 2.1 80.2 9.2 59
JADB | 1024.9 | 2744 23.4 96.6 77.5 2.146 0.374 45 72.2 12.3 8.7
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Figure 6 Changes of the CREST model parameters during optimization in the Chungju Dam basin (Grey
lines are the model parameters and black lines are the 50-iteration averages)

153




154

APCC RESE

ARCH REPORT

100
80
60W
o
'_
40
20
0
0 2000 4000 6000 8000
Iteration
(g) Th
500
400
300
£
=
o
200
100
0
0 2000 4000 6000 8000
Iteration
(i) pWm
100
80
60
=
o
40
20
0
0 2000 4000 6000 8000
Iteration
(k) pIM
Figure 6 Continued

GM

pB

pKE

2
1.5
1
0.5
0 2000 4000 6000 8000
Iteration
(h) GM
1.5
1
0.5
0
0 2000 4000 6000 8000
Iteration
(j) pB
3
2.5
2
1.5
1
0.5 L
0
0 2000 4000 6000 8000
Iteration
(U pKE



10
8
6
O
[
o
4
2
0
0 2000 4000 6000 8000
Iteration
(m) pFc
10
8
6
o W"—W
2]
4
2
0
0 2000 4000 6000 8000
Iteration
(o) iSO
1.6
1.4
o 1.2
[
o
< 1
0.8
0 2000 4000 6000 8000
Iteration
(g} AreaC

Figure 6 Continued

iwu

iSU

100
80
60
40 e
20
0
0 2000 4000 6000 8000
Iteration
(n) iwu
50
40
30 w
20
10
0
0 2000 4000 6000 8000
Iteration
(p) iSU

0AE | REY HES AT 228 +228 WHHs X|HEt

155




APCC RESEARCH REPORT
u

150
135
120
105(

920

75

coeM

60

45

30

15

\S4

1
cJDB SYDB ADDB IHDB
BASIN

(a) coeM

NGDB

YDDB

27
q
24

2.1

River

0.9

0.6

0.3
0.

154

1
CcJDB SYDB ADDB IHDB

BASIN

(c) River

NGDB

YDDB

0.9
0,8‘
0.7

0.6

LeakO

0.5

0.4

0.3

0.2

0.1
CcJDB SYDB ADDB IHDB
B

ASIN

le] LeakO

Figure 7

156

NGDB

YDDB

expM

Under

Leakl

0.9

0.8

0.7

06

0.5

04

A4

03

0.2(
CJDB SYDB ADDB IHDB
BASIN

(b) expM

NGDB YDDB

0.9

0.8

0.7

06

A5

0.5
04
q
03
0.2

0.1

0.01
CJDB SYDB ADDB IHDB
BASIN

(d) Under

NGDB YDDB

0.5

0.45

04

0.35

03

A4

0.25¢
02

0.15
0.1

0.05

0.01
CJDB SYDB ADDB IHDB NGDB YDDB
BASIN

(f] Leakl

Optimized model parameters in the study basins



100

90

80

70

60

Th

50
q
40
30

20

10
CJDB

SYDB ADDB IHDB NGDB YDDB
BASIN

(g) Th

500

450

400

150

100

50

A5

10
CJDB

100

SYDB ADDB IHDB NGDB YDDB
BASIN

(i) pWm

90(
80
70

60

piM

50

40

30

20

10

O

0
CJDB

Figure 7

SYDB IHDB

ASIN

ADDB NGDB YDDB
B

(k) pIM

Continued

2
i
o

93t 2R 22

suy

4228 e Kot

0.75

0.5

cJbB

SYDB

ADDB
BASIN

(h) GM

IHDB

NGDB YDDB

12¢

0.9

pB

0.6

0.3

0.05
cJbB

SYDB

ADDB
BASIN

() pB

IHDB

NGDB YDDB

27

24

21

0.9

0.6

03

0.1
cJDB

SYDB

ADDB IHDB
BASIN

(U pKE

NGDB YDDB

157




APCC RESEARCH REPORT
u

10 100
9 90
s 80
70
7
60
6 D
o
% 2 5
5 q
40
D
4¢
30
3
20
2 10
1 1
CJDB  SYDB  ADDB  IHDB  NGDB  YDDB CJDB  SYDB  ADDB  IHDB  NGDB  YDDB
BASIN BASIN
(m) pFc (n) WU
10 50
9 45
8 40
D
35
7 D
q
30
6
2 ? 25
5
20
4
15
3
10
2
5
1 1
CDB  SYDB  ADDB  IHDB  NGDB  YDDB CJDB  SYDB  ADDB  IHDB  NGDB  YDDB
BASIN BASIN
(o) iSO (p) iSU
15
14 D
13
12
11
]
o 1
<
09
08
07
06

0.5
CcJDB SYDB ADDB IHDB NGDB YDDB
BASIN

(q) AreaC

Figure 7 Continued

158




nzss o = Q0 SEY K52 Y8t 2EY S208 opfHs X|E
09 1.3
Y = 0.0000X + 06570 Y = 0.0001X + 0.5964
R? = 0.7459 12] R%=09072
p-Value = 0.0266 p-Value = 0.0000
085
08
o
Q
©
o
3
075
07
.
0.65 5 05
0 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Drainage Area Drainage Area
(a) Drainage Area vs. LeakO (b) Drainage Area vs. pB
400 125
Y = 0.6440X - 72.0805 Y = 3.7934X - 8.9465 .
R?=0.7697 120, R?=0.7974
3501 p-Value = 0.0216 N p-Value = 0.0166
115
300
110
s
= 250 2 105
8
2001
150
.
100 85
400 450 500 550 600 650 26 27 28 209 30 3 32 33 34
Elevation Slope
(c) Elevation vs. pWWm (d) Slope vs. coeM
04 1.3
Y =0.0021X + 0.5125
0381 * R? = 0.8744
121 p.value = 0.0062
036

Y =-0.0005X + 0.3699

022 R?=0.7216
p-Value = 0.0323
0.250 100 150 200 250 300 50 100 150 200 250 300
Longest Path Longest Path
(e) Longest Path vs. expM (f) Longest Path vs. pB
Figure 8  Scatter plots and regression lines between model parameters and physiographic attributes of the

study basins

159




APCC RESEARCH REPORT

04
0.38

0.36

pB

0.9

0.8

0.7

125

120

115

110

coeM

80

Figure 8

160

Y =-0.0007X + 0.3795
R?=0.6729
p-Value = 0.0455

60 80 100 120 140 160
River Length

180 200 220 240

(g) River Length vs. expM

Y = 0.0028X + 0.4687
R?=0.8507
p-Value = 0.0088 .

60 80 100 120 140 160
River Length

180 200 220 240

[i) River Length vs. pB

Y =2.0511X - 67.6543
R? = 0.7661
p-Value = 0.0224

74 76 78 80 8 84 8 8 90 92
Forest Area

(k] Forest Area vs. coeM

Continued

0385
Y = 0.0009X + 0.6081
R?=0.7550
p-Value = 0.0247
08
075
e)
Q
©
o
3
07
o
0.65
60 80 100 120 140 160 180 200 220 240
River Length
(h) River Length vs. LeakO
95
o
)
85
80
=
3
75
70
Y = -89.2643X + 114.8731
651 |
R?=0.8058
p-Value = 0.0152
60
025 03 035 04 045 05 055 06
Elongation Ratio
j] Elongation Ratio vs. pIM
80
Y =2.7261X - 178.0017
R%=0.9974
70 p-Value = 0.0000
60
£ 50
40
30
20

74 76 78 80 8 84 8 8 90 92
Forest Area

(J Forest Area vs. Th



Y =-0.0263X + 3.5739
R?=0.7706
p-Value = 0.0215

Q

74 76 78 80 82 84 92

Forest Area

8 88 90
[m) Forest Area vs. GM

Figure 8 Continued

Eq.(39) ~Eq.(55)= HaA1% 3] w4

et 0715 7 REY 0IES ¢t 228 #2228 iiHs X935t
80
701 ®
60 ‘
.
£ 50
e
40 *
S
30 Y=-2.9161X + 745503
R? = 0.9300 ~e
p-Value = 0.0019 .
20
2 4 6 8 10 12 14 16 18
Paddy Field
(n) Paddy Field vs. Th
SKel = HE
N Soto] AlXE 95 IAeL CREST &

P R L
2 A2l ol o) S ESEAE SISl AFE BAS BT 5 4o
e b oleiet pARL el tis 67 frotl vl Batkow vialsislck, e
U 9 e B olole] gl ATHIA R Gk v 917 uhie
RASAT U5 FHT 5 glov], FE h F9S /AL T et pio)
S §ASAUAT} F7belofo} T Zolc,

coeM =

expM=0.3732—0.0005Z, —

River =2.1703
Under =0.4325
LeakO=0.6271+0.0005L,

Leakl=0.2760

—56.6501 +2.2989.5+ 1.1048 L G

(39)
0.0002L, (40)
(41)
(42)

(43)

(44)
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Th =—158.7041 + 2.5195LC; — 0.2385 L C, (45)

GM=3.5739+0.0263 L C (46)
p Wim =—72.0805 + 0.6440 H (47)
pB=0.6033+0.00014, (48)
pIM=114.8731—89.2643R, (49)
pKE=0.1576 (50)
pFe=5.2542 (51)
i WU = 48.2910 (52)
iSO=5.9519 (53)
iSU=27.9100 (54)
AreaC=1.4173 (55)

o7|A, 4,5 F9HA(km?), HE 9 FET(m)
Y= A% km), L
(%)< 2Jo|gict,

Table 4= 9ol AXIE B71410 et 25750} 44 24ASE e ot
ol S5t Hio} o] 4 WA S 24 e Sy o

AR g SR ARl 7L g AR deld gl 1 %
ZAAGE 0,655 OAFOR HlIA B HOE BHER, B ATolA A g
SolEAIQIAoL m w4 Alolo] SATALL ol A e Ao Az



AddrE 8 17E RF REY HES et 228 +E2F iHs XS5t
Table 4 Original and adjusted coefficients of determination for regression
Parameter R squared Adjusted R squared Selected Attribute

coeM 0.8959 0.8699 5 LGs
expM 0.7244 0.6555 Ly Ly
LeakO 0.7783 0.7229 L

Th 0.9979 0.9974 LCs LCy
GM 0.7706 0.7132 LCs

pWm 0.7697 0.7122 H

pB 0.9974 0.9968 As

pIM 0.8058 0.7573 R.

oAl AAE BAXS o-&sto] S 79 (CIDB), 2479 +(SYDB), ¢F

2l 2 #%(YDDB) -5 67}
o tigt FAEJMAEERE 2y ni7fisE F=88150th F4% miviHg== thAl
CREST w3e] 283o] S|714) APgoll AH-E 67 &l (Figure 9BF oh]e A5
Slstol Waldel §olMRDE), 7919 GolUADB)IS] §EwS molshit] 28519
CHFigure 10), F41419] H55 915101 Eq.(30)1} Eq. (31) 0|4 AAIE NSCES} PBIAS
£ olgstien, o] Qo= Eq.(47)oflA Hi= HEe}t o] Singh et al.(2005)°] Ak
Root Mean Squared Error — Observation Standard Deviation Ratio(RSR)¥} Eq. (48)2]

Pearson’s Correlation Coefficient(PCC)E o|-8-5}5ic}.

e e —or an
_ dle-e)e-a)
P Se-or VSie-or o
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7N, Qs BERHS, Q& BORHE ekt RSRY A9 H0)Y 9 24
o] 452 ofulah] o(+) 9] Zhe 7HIT Pecis (194 (H1719] g 7w, 1)
u Fae] A5e et oujgi,

Moriasi et al.(2007) AYFE00A AAE B77+E S42IE EHHE Table
5004 Hi= e} gho] Kot ek Ql 21 PP |ES vhdsto] ASiin: & At
MM FoA AANE 7ES BEUE HoMdsS BIskirh

Table 5  General performance ratings for streamflow simulation in a monthly time-step (Moriasi et al., 2007)

Performance Rating NSCE PBIAS RSR
Very Good 0.75 < NSCE <1.00 PBIAS < £10% 0.00 < RSR < 0.50
Good 0.65 < NSCE <0.75 10 < PBIAS < +15% 050 < RSR < 0.60
Satisfactory 0.50 < NSCE <0.65 115 < PBIAS < +25% 0.60 < RSR < 0.70
Unsatisfactory NSCE <0.50 PBIAS > +25% RSR > 0.70

Table 6 5% §-21(CIDB), 9872 §-21(SYDB), WET $-2(ADDB), el
$10HDR), W29 REINGDE), B5%1 REI(YDDB) 5 7] SreiolAle] fEmel s
o et WAARE Ueph i, BAAT, $5E §299 A9 NSOBE o 0,672
“Good”, PBIASE 2F 29 83%E “Unsatisfactory’, RSRE& ¢F 0,58 & “Good  2.& UJEh}
PBIASE A|&Jatd UmA] F7px|g=of| A B S5t 23S HoF=Qleh, 27 9
9] A= NSCE7} ©F 0,62% “Satisfactory’, PBIAS7} 2F 40.34%% “Unsatisfactory’,
RSRo] ¢F 0.622 “Satisfactory & UEh} ZFH 83} nfzl7[x]| £ PBIASE A|<]st
U 2] B7HAp Bl ghEAe)e 2aE Holgieh I golle obsd ool
NSCE7} “Very Good”, PBIAS7} “Unsatisfactory’, RSRO| “Very Good &2 LFEPE o,
492 NSCE7} “Good”, PBIAS7} “Very Good”, RSRO] “Good" ©.& L}ElT,
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BIASS: AlSfelnl w]iH St 29)E molmylrh vheloR S8 fole] 7
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Figure 9 Comparison between the simulated and observed runoff discharges using model parameters

estimated from regression equations in the sample basins
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Table 6 Performance statistics in a monthly time-step
Basin NSCE PBIAS RSR PCC
CJDB 0.6692 29.8257 0.5751 0.9471
SYDB 0.6155 40.3421 0.6201 0.9498
ADDB 0.8687 -29.8735 0.3623 0.9493
IHDB 0.7128 -1.4921 0.5359 0.9095
NGDB 0.7375 -40.4192 0.5123 0.8878
YDDB 0.4510 31.1503 0.7409 0.8821

Table 72 W74 2|93k o] HEE ¢ '5}04 S|l AREEA] o W
SS(MEDB)2} 2919 UADB) M 2] 2w oAt that BrAAE ey o)
o} okl 9odof A= NSCE7} ¢F 0.53 2.2 “Satisfactory’, PBIAS7} ¢F 39 90%=
“Unsatisfactory’, RSRO] 2F 0.69=2 “Satisfactory = EPGTH FU9 $99] 74
NSCEZ} ©F 0.68% “Good”, PBIAS7} oF (1)75.44%% “Unsatisfactory’, RSRO] F 0.56
O & “Good" 0.8 UET], 3lFEAle] A8 67 ol tigt fEmolanet npilrA]
2 WOl §olat 2ot Gelol A @A) PRIASOIN Alet Alolg Myen, PBIAS
£ ARt A 7Sl s tEAER TS BojRiinh BX ol AlAE
P2 N A 9SS SHA] AL 7} wiyg=e] S ol 8stle A-foll gt
B7HAGE HolFal Qlon, JUATE AlLlR UmA| B7EReElA 4ds] ZiAE

IS HolFAl SlEe o = 3t
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Table 7 Performance statistics in a monthly time-step
Basin NSCE PBIAS RSR FEC
0.5283 39.8910 0.6868 0.8979
MRDB
(-0.0312) (82.984¢) (1.0155) (0.9124)
JADB 0.6829 -75.4435 0.5631 0.9318
(-15.3397) (-481.2475) (4.0422) (0.9365)

% The values in the parentheses indicate the performance statistics for the simulation of the CREST model using
the medians of the model parameters without parameter regionalization
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APPENDIX

1. Comparison of the area-averaged daily precipitation data
from between TRMM 3B42vé and the grounded records

A1.1 FMH ot

TRMM 3B42v6 7+rAFRe] A% B7Fs f15te] Eq.(AL1)~Eq.(A1.4)3} o]
Frequency Bias(FBS), Probability of Detection(POD), False Alarm Ratio(FAR),

Heidke Skill Score(HSS) 5 67] B7HA|4:8 o] 83}o] BAL Salatgch,

Table A1.1 Contingency table for comparison of satellite-based precipitation with gauged measurements
Gauge > 1 mm/day Gauge < 1 mm/day

Satellite > 1 mm/day a b

Satellite < 1 mm/day c d
FBS=(a+b)/(a+c) (ALD)
POD=a/(a+c¢) (A1.2)
FAR=10b/(a+b) (AL3)
HSS=2(ad—bc)/{(a+c)(c+d)+ (a+b)(b+d)} (AL.4)

A1.2 S ot

TRMM 3B42v6 734=AL5.0] Aekd H71E 9Jga= Eq. (Al.5)~Eq. (A1.8)ol|A] AA|
E 73} o] Mean Absolute Error(MAE), Mean Error(ME), Bias(BIAS), Efficiency

(BFF) 2] B7H5E olgsto] B4E asielnt
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MAE=—

ME

BIAS=Y,5/Y,G,

EFF=1-Y3(8-G)/Y(

=1

o7IM, 8ok Gi= 27t i HA Lo Tk TRMM 3B42v6 7=~} 4]

n

1

o 2lsi— ¢l
15— a)
ni:l i i

i=1

n

i=1

=1

n

G- G)

e, nd A4 E4717HLD)& Uerdt

2} Ak ol digt B4 ATR= Table Al 29} Table Al 30 YERJQI21, Figure

o=

(A1,5)

(A1.6)

(A1.7)

= A [e)
A e

A112 TRMM 3B42v6e} A JASAIR 2R E Atk o4 Batdde vt 13
o|ct,
Table A1.2  Scores of the qualitative performance of the TRMM 3B42v6 precipitation at daily steps from 2002
to 2009
FBS POD FAR HSS

CJDB 0.8684 0.6570 0.2434 0.6036

SYDB 0.8421 0.5977 0.2902 0.5322

ADDB 0.9247 0.6466 0.3007 0.5682

IHDB 0.8913 0.6277 0.2957 0.5591

NGDB 0.9761 0.7145 0.2680 0.6355

MRDB 1.0000 0.7297 0.2703 0.6423

YDDB 1.0756 0.7138 0.3363 0.5995

JADB 0.8618 0.6326 0.2659 0.5703




Table A1.3 Scores of the quantitative performance of the TRMM 3B42vé6 precipitation at daily steps from

2002 to 2009

I
mjo
40
ror

HI

2 22 iHHS X(H5st

MAE ME BIAS EFF
CJDB 2.5797 0.2453 1.0643 0.6132
SYDB 2.6984 -0.1520 0.9620 0.5915
ADDB 2.4542 0.1246 1.0348 0.6136
IHDB 2.6151 -0.0226 0.9936 0.5380
NGDB 2.8147 0.2327 1.0570 0.5917
MRDB 2.8023 -0.1483 0.9672 0.6684
YDDB 2.8842 0.5076 1.1448 0.4278
JADB 2.9299 03112 1.0779 0.5402
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Figure A1.1 Comparison of the daily precipitation from between the grounded gauges and TRMM 3B42v6

from 2002 to 2009
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