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ABSTRACT

We assessed the usability of satellite and reanalysis data for estimating streamflow amount in an ungauged
watershed in consideration of the spatial distribution of precipitation. We used CHIRPS, PERSIANN-CDR, CFSR,
ERA-Interim, and MERRA2 to obtain grid-based global data and daily GHCN as measured data for comparison.
Evaluation results of daily GHCN data through comparison to the ASOS data from Gangneung station adjacent
to Chungju Dam basin showed a greater than 60% missing data rate. The GHCN data underestimated extreme
rainfall events caused by typhoons and overestimated rainfall events in certain years compared to the nromal range.
In the comparison of grid-based global data, MERRA2 data showed the best reproducibility, with a 0.86 correlation
coefficient, on the daily time scale. The SWAT model was applied to Chungju Dam basin for estimating streamflow
and showed -16.1% total error when the MERRA?2 data was used as model input without bias-correction. However,
both total error and RMSE were decreased when the monthly biases of MERRA2 data at the weather stations were
corrected by comparing to the 30-year average values. In addition, the biases were spatially interpolated for areas
in the basin without a station. Total error was slightly improved to -13.1% when the bias was corrected using the
GHCN data from Gangneung station, while the total error showed a satisfactory -6.3% when using ASOS data from
Daegwallyeong station for streamflow estimation after bias-correction. In the absence of measured weather data,
it is desirable to use the most appropriate grid-based data after bias-correction through comparison with
neighboring weather stations to reflect the characteristics of the area.
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TS AV|4E BF o2 Soil and Water Assess-
ment Tool (SWAT)%} Hydrologic Simulation Program-Fortran
(HSPF) o] 2] 2H&5|71 9lth. HSPF m32 gl B
3 2o EAS Zku Q= WhA (Donigan et al. 1984),
SWAT 250] 7.9 ulo] f5elfofo] g7 mgtelo]
clgst Aul, A, Wl 5w weldel (manage-
menis) 52 TLef2t 4+ gtk 53] SWATE: B 7]250] 74
G TNk R PR 7l ST s &
% ofujg 74A)3 Qo] ulA% fofo] Aakt Aoz e
QJth (Neitsch et al. 2011). 29| A - HAS 23t {5 &=
A7k EA5H felo] te 484 1 B B
g T S whsh A3E B9l o) HSPF/) tha 22
1= Hol= Aog Ad#HA Ut} (Im et al. 2007; Xie and
Lian 2013). SFAITE W55 A=7t ¢l vIAS 99 5
dollxd= ANda miiHrE=2 4% HSPFE| 739 SWAT
3} v]sto] wolgke] W Eo| 17| Lk} SWAT mao]
Ht Z3st Aoz d#A 9t (Xie and Lian 2013). T&
o] SWAT 232 B, EXolE, 714, d57¥ & =3t
o ARt A =z e FEl vAS A9
Upper Mississippi River Basin -F-&Jof] Z-&xjo] 1 Z-8-A0]
A== v} QJt} (Srinivasan et al. 2010). T]AZ G204 <]
wdly A8 Brtel Afolls 71 WS EI EXSk=
Aol BS fEgol EASHA S= wrYolAe fiEsd 2
o] s AEE SIRt wiziviss A st B e nAISRS A
gAo] AtE o] Yt (Gitau and Chaubey 2010; Emam et al.
2016; Sisay et al. 2017). 7|AF W o] thgt 2% B0
OJFO|A|aL QIA] AU FE53 B9 Z-8 = Sl W A
g4 287 gt A= wAIS Aol tigk eeE
2} ARl 28-S i8] dmEolol g Tl

2P P ARE S5 ojehe ok AL G
SR o] B8 JMsT AT i B AR Global
Historical Climatology Network (GHCN) z}=27} Qlt} (Menne
et al. 2012). GHCN 7= A AlAQ A1} #&54 ARE §
sto] Algsiar Q= dlolEHo]lazA wid BAlE= S
Aot} & Ato A ARG detke] A& (GHCN-Daily)=
18091 7li=2] 100,0007H7} H&= W52 RE A, L
9 A sle, A Se) sl dsle] njzel
National Center for Environmental Information (NCEI)& %
ol Algsh= Aotk GHON Ak 571 717d= &5l
A B Az shee] 49 1) BEart AFE
1 glo] BEAT} gl Aedolus Bgo] Bbslk

SWAT 23] ul A2 folole] 284 Baols 714
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0AE RANML] 7 BME 2t 22E XY V= K=ol 22d Bt 25

Jro] EAS 118 8floe] Soil and Water Assessment Tool
(SWAT) &ge Ak SWATS vl 574
(USDA-ARS)ol|A] 7Rt 4% FE2d FoRgos
(Arnold et al. 1993), t4f-2o] B3t S-Hof tisf] ESt &
Alol-g Bl EXTE] Aejo] thE 23 AL FHsehEE o
AEa Tt EXe] Wo] ks di&sh] 93 123

al. 2011; Kim et al. 2018)2 S8 SWAT 23] S 2 4
4 mo] A gado] B, ule) 715} e WAL 4
Hold 259 gele Agsiart (Fig 1)

22 71 Xtz

2 dAtollM = vlAS ool tisl At HEE 28e
5 =S BE MRS SO 55| AR W AR
(meteorological reanalysis) AF2& A1743lo] 284S HESH
9tk Table 12 ARSE =29} AlEA 2150 EAS A
2§t Fo|ct. 941 Climate Forecast System Reanalysis
(CFSR) b= SWAT =30 B3l 67 ¥-5 €A AR
2 4 Qe Agsk glo] By TGN Mgtk v
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Fig. 1. Sub-watershed delineation of the study watershed.
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25 tfe= AAsilcy HhdHo| w@ol ARHIL Q=
APHRODITE % TRMM A}=259] 79 2 A=7} 73415
A ool Aot wEka 94dAtEE= Climate Hazards
Group InfraRed Precipitation with Station (CHIRPS) A}=2}
PERSIANN Precipitation Climate Data Record (PERSIANN-
CDR) #A=2E A8, Al Arze FE57]EA
B (ECMWF)olA] A4kl ERA-Interim A4 2pE2} vl=f
9] NASA9|A AJ33}3L 2= Modern-Era Retrospective
analysis for Research and Applications, Version 2 (MERRA2)
A=2E AMgsch ERA-Interim 2Fa= 12417k 7HA Q] 734
AR} 4AKE 1A 7|2 ARS WS ABto] ALE5H
%31, MERRA2 A5 AZIES] 444188 daslz g
slo] AAgBIGOM 71 WAL Untgl ARE A T
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UTOR AXE Ax" Amet ARF e SEHEEA
(KSZ 7|20 ASE 12 22 Al 712 nee}
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Sub-watersheds
$1. Odae A 57. Okdong A

$2. Golji A S8 Hangang A
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$4. Pyeongchanggang S10. Chungju Dam
$5. Yeongwol $11. Hangang B
$6. Pyeongchang A
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AXY TS5 AR BUEE 9l B8zt VS AERs
Global Historical Climatology Network (GHCN) Ut+9] A=
£ AFgSISh GHONS Bl AT 5 gule Uus)] 4w
L 117 B2l 839 ol F ARsk EASHE 24 A
Zo|A] CFSR A27} ZA8HA] &= Al 9 L2 3=4
£ AT O} BELE HF H7l) ARGt

A9 Aol A WS A BUT 2ol 8 7|
53 GHON AR5 7188 §UT 3 ARz H4s)el 4
Bateich. BHElo] Qi UE9) GHON Azo] #: A4
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Ho

T2 (daily) S ©]-8-5t0] AThe] (monthly) 2 A
(annual) 7=, 30 7|7He] Dt s AR 3 A
7P¥ﬁ£‘ﬂﬂ§ vlwslge) 570 AR 2F=9] A9 19834 o]

T ARt FEHes EASsHANE 59 s 24
eiME T TS U™ ARV EAsks 1980 0=
HE 309 7]7F (1986~2015)S 247|702 AAsct o

ol AR RRE Ao, dde, Bt e AMshs
o] QlojA] AREE IS B AR Akm FollA ASo] sh
e EAehs B2 R A4 AlQskith

H = Aehe], Aok, Aoke] W B el disto]
efialel AR B ) o) 593 B
RMSEE =9 HFAAZE Yro] HEE3FSE Normalized
Root Mean Square Error (NRMSE), = A}=29] 7S 2k
5 =X]S Al H 7] 93t Pearson Correlation Coefficient

(CO)E 2] (1) ~ B)olIAe} o] AR&3laTh

f N Y(P—-0)
5 rA [ AN A H i=
2 golof A EAEl0] Q= $1, AEA, GHON A= 7|4t PO N A
o) 57} majolch, ghibmol el GHON 49 54 2 3 Yo
2 7IsAS Hrlsh) 1—]6}01] 714 ol 4] quality control i=1
QO AH AT Y= ZINITEAILE (ASOS:
Automated Surface Observmg System)2] U] A=} v
S NRMSE = =1 A2
2343 AR Brhe SRS WE UL GHON 44 15,
G AR} S AP ARBRE WS ER FET I i
Table 1. List of used satellite and reanalysis dataset and descriptions
descriptions
Data type Spatial Temporal scale variables data
scale of raw data provided period Update Reference
. monthly update with Funk et al.
. CHIRPS 25 km daily prec only 1981~2018 J-month delay 2015
Satellite Ashourt of
PERSIANN-CDR 25 km daily prec only 19832017  Annual update :1 "2“01 Se
rec, tmax, tmin, ta Dile and
CFSR 35 km daily prec, tmax, i, Ve, 19792014 not updated Srinivasan
rhum, srad, wspd
2014b
Reanalysis MERRAD 50 km prec: hou.rly prec, tmax, tmin 1980~2018 monthly update with Gelaro et al.
temp: daily 1-month delay 2017
ERA prec: 12-hourly . monthly update with Dee et al.
-Interim 75 km temp: 4-hourly prec, tmax, tmin 19792018 I-month delay 2011

prec: precipitation, tmax: maximum temperature, tmin: minimum temperature, tavg: average temperature, rhum: relative humidity,

srad: solar radiation, wspd: wind speed
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Fig. 2. Performance of grid-based observation data for precipitation by comparison with GHCN data.
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Table 2. Performance comparison of grid-based precipitation data using GHCN and ASOS

. . Grid data
Time step Criteria Observed data
PERSIANN CHIRPS ERA CFSR MERRA2
cc GHCN 0.38 0.40 043 0.63 0.72
. ASOS 0.48 0.52 0.57 0.75 0.86
Daily
GHCN 0.96 0.99 0.93 0.78 0.70
NRMSE
ASOS 0.90 0.95 0.83 0.67 0.53
cc GHCN 0.77 0.81 0.75 0.80 0.84
ASOS 0.90 0.95 0.86 0.89 0.95
Monthly
GHCN 0.68 0.61 0.78 0.61 0.55
NRMSE
ASOS 0.45 0.32 0.62 0.47 0.33
cc GHCN 0.53 0.59 0.54 0.61 0.66
ASOS 0.88 0.93 0.76 0.82 0.92
Yearly
GHCN 1.27 1.10 1.46 0.90 0.84
NRMSE
ASOS 0.64 0.42 1.11 0.65 0.45
cc GHCN 0.98 1.00 0.97 0.99 0.99
Monthly ASOS 0.98 1.00 0.97 0.98 0.99
average GHCN 0.46 0.36 0.69 0.32 0.29
NRMSE
ASOS 0.26 0.12 0.51 0.22 0.17

CC : Correlation coefficient
NRMSE : Normalized root mean square error
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Fig. 3. Comparison between GHCN daily and KMA ASOS station data.
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Table 3. Comparison of watershed-average precipitation

and temperature between
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ASOS MERRA2 ASOS MERRA2 ASOS MERRA2
Annual average or total 1477 1308 16.0 14.0 4.35 441
% Error -11.5 -12.3 1.2
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Fig. 5. Comparison of monthly average of precipitation, maximum temperature and minimum temperature between

ASOS and MERRA2 without bias-correction.
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Table 4. Performance summary of streamflow simulation
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