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Impact Assessment of Spatial Resolution of Radar Rainfall and
a Distributed Hydrologic Model on Parameter Estimation

ABSTRACT

In this study, we assess impact of spatial resolution of radar rainfall and a distributed hydrologic model on parameter estimation and
rainfall-runoff response. Radar data measured by S-band polarimetric radar located at Mt. Bisl in the year of 2012 are used for the
comparative study. As different rainfall estimates such as R-KDP, R-Z, and R-ZDR show good agreement with ground rainfall,
R-KDP are applied for rainfall-runoff modeling due to relatively high accuracy in terms of catchment averaged and gauging point
rainfall. GRM (grid based rainfall-runoff model) is implemented for flood simulations at the Geumho River catchment with spatial
resolutions of 200m, 500m, and 1000m. Automatic calibration is performed by PEST (model independent parameter estimation tool)
to find suitable parameters for each spatial resolution. For 200m resolution, multipliers of overlandflow and soil hydraulic conductivity
are estimated within stable ranges, while high variations are found from results for 500m and 1000m resolution. No tendency is found
in the estimated initial soil moisture. When parameters estimated for different spatial resolution are applied for other resolutions, 200m
resolution model shows higher sensitivity compared to 1000m resolution model.
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ggo] Fjj=]ar ri(Noh et al., 2005; Hong et al., 2006; Park
and Hur, 2008; Kim et al., 2009a; Kim et al., 2009b; Hong
et al.,, 2010; Choi et al., 2010; Kim et al., 2011; Lee and
Yoo, 2011; Choi et al., 2012; Lim et al., 2013; Noh et al.,
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Fig. 2. Thiessen Polygon Area by Rainfall Gauges
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f319ty. FeAtEE 20129 S9AMY F BlmE 7Fe-go
2o 47)e] T APFS AMElElglon], Table 13 2t} Table
1oXe] Fa7dg-ee ZedSah o] A9 2 d7elA
HEE A9EE4 2N 359 s HAVEEES
o183 7o = FRIsE ZlolH, ot 2R A

73$-421 R-KDP, R-Z, R-ZDRe| H75-3k2 -] 2=
o] & Al AR roir ARkt JH
AAIE Fro = iEE, B Ao 47 AP TUs
17te] RS fEeA el A8k

oY

2o

o o it

N

Table 1. Applied Rainfall Events and Observations
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PEST (model-independent parameter estimation)= H]X1&s}
o wipia 23} 5l E8haA 4 1% 0 2(Doherty, 2003,
2009), Ak 55 a4 2y mpfHa FAo] F= ARHo
ko, F A& s Lol vieir = 2ol Fiwar itk
(Kim, 2007a; Noh et al., 2013). PEST:= w4 215} upo.
2 7)4% Levenberg-Marquadt 78S AF&31H, SCE-UA 5
71 viZRHSs H23) ol wig) nlala] 22 whE Altel] ofs)
RS T 7 o] &4 HollM A4S 7RItk PEST=
FAstaARss w7 B 523 Al AR e 2Y e
SHo| HAE @olal, A gro g oo o] Asuil
< L e] Zret wAlgle]
Aol 7hssitt Al S AuE TP ofFAY B8]
ot FHspt a7 7S GRM B lA b5 27
7 Wi EY TS BEY =5 BN, EY 5
A FAFE ARH 2E2AF, ke 22, 2] 23,
HA aPFAAL Ha sRehaE 5o] vk & Aok B
TR AAPPE, Fa5dEE vE BEEE 7
T vlar Fe], Ao 2 vizker) viad & Ao 2 gzl
(Park and Hur, 2008; Jung et al., 2008; Choi et al., 2010;
Choi et al,, 2012) B E5A1, ABH 2241 27 E3hes
tpdo R, Xt gt wipis 32800 Al 93FS, PESTS

Bl sk

tlo
rlj

= LZ%L‘ID‘a

L
9 A= iAol mXe FEE AES] 930, 1) R-KDP,
R-Z, R-ZDR A 7K #loJe] 3¢ 795 AV ¥5 752} vlaes
7kete] Fe-iE Kool Aee wold A& AL 2) 55
7+ 699 tisl 200m, 500m, 1000m 713 %=2] GRM X3S
TSI 4702 tPd APl tiEl] PESTE 3] nlyia(z7]
EY 2ole, AZH 25AF 9 E FFATY RAGAPE
Z}7y FAste] A= i) Ag= E vl s

Cumul. rainfall of areal average(mm)
Event Period Rain radar Flood peak(m3/s)
Ground
R-KDP R-Z R-ZDR
Eventl 2012/07/13 02:00 - 2012/07/15 12:00 74.07 80.96 71.57 85.48 319
Event2 2012/08/12 17:00 - 2012/08/13 23:50 66.88 73.87 64.05 83.36 190
Event3 2012/08/22 22:00 - 2012/08/24 18:00 148.46 152.44 126.27 142.26 834
Event4 2012/09/15 18:00 - 2012/09/17 14:00 147.12 128.68 120.22 129.84 1789
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Fig. 33} Table 2+ 470¢] 7Aool thsix] R-KDP, R-Z,
R-ZDR9] 7928 739854 Had -2t vt 434=
ERA Aotk Fig. 3elX] F8ud o] e )2 APl
A B ZRe0EAe) AR FEIR STleRE Ao vERRo L
Event 2= T2 APl HsiA] ZF9-a5s 2=t diid e s
£ 2Jo]2 Btk Table 2914 Event 23= R-KDP, R-Z, R-ZDR¢]|
thgk NSE, CC, nRMSE2] Htgko &2 Zk2t 0.44, 0.70, 0.122
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Fig. 3. Cumulative Areal Averaged Rainfall for Each Event. (a) Event1, (b) Event2, (c) Event3, and (d) Event4.
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Table 2. Statistical Values of Rain Radar Compared with Rain Gauge (Areal Average Rainfall Data).

E R-KDP R-Z R-ZDR Ave
vent
NSE* CC** nRMSE*** NSE CC nRMSE | NSE CC nRMSE NSE CC nRMSE
Eventl 0.90 0.95 0.04 0.88 0.94 0.04 0.90 0.96 0.04 0.89 0.95 0.04
Event2 0.53 0.73 0.11 0.51 0.71 0.11 0.29 0.66 0.14 0.44 0.70 0.12
Event3 0.81 0.90 0.08 0.78 0.90 0.09 0.78 0.88 0.09 0.79 0.89 0.09
Event4 0.80 0.92 0.07 0.89 0.75 0.08 0.81 0.91 0.07 0.83 0.86 0.07
Ave. 0.76 0.88 0.08 0.77 0.83 0.08 0.70 0.85 0.09 0.74 0.85 0.08
* NSE : Nash-Sutcliffe model efficiency coefficient
** CC : correlation coefficient
*** nRMSE : dimensionless normalized root mean square error
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= 300 =
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Fig. 4. Cumulative Rainfall for Each Rainfall Gauge
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Table 3. Statistical Values of Rain Radar Compared with Each Rain Gauge. Rainfalls from Rain Radar Are Cell Values of Radar Rainfall Fields

Corresponding to the Positions of Rain Gauges

Rain gauge R-KDP R-Z R-ZDR Ave.
NSE CC nRMSE NSE CC nRMSE NSE CcC nRMSE NSE CC nRMSE

Geumho 0.72 0.85 0.05 0.63 0.80 0.05 0.59 0.80 0.06 0.65 0.82 0.05
Gogyeong 0.58 0.77 0.07 0.55 0.75 0.08 0.51 0.75 0.08 0.55 0.76 0.08

Seobu 0.46 0.70 0.10 0.64 0.36 0.10 0.24 0.66 0.11 0.45 0.57 0.10
Sillyeong 0.48 0.69 0.05 0.55 0.74 0.05 0.70 0.43 0.05 0.58 0.62 0.05
Yongcheon 0.76 0.87 0.03 0.60 0.78 0.04 0.47 0.76 0.05 0.61 0.80 0.04
Jukjang 0.28 0.64 0.11 0.37 0.64 0.10 0.12 0.57 0.12 0.26 0.62 0.11
Hwabuk2 0.6 0.77 0.06 0.54 0.74 0.06 0.70 0.84 0.05 0.61 0.78 0.06

Ave. 0.55 0.76 0.07 0.55 0.69 0.07 0.48 0.69 0.07 0.53 0.71 0.07

200m grid 500m grid 1000m grid

»
4

» I

250

J J. 200

150

100

Fig. 5. Cumulative Rainfall Distribution with Varying Spatial Resolutions at Event 3 (22-24 Aug. 2012)
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Wiz 9Jrk: Table 32 R-KDP, R-Z 2 R
22 7wt vlagk SAIgkE LR Aotk Table 3¢] R-KDP,
R-Z, R-ZDRO| A3 719-7ke 79854 e vluslois
wf NSEel|A] 33t 0.53, CC= Bt 0.71, nBRMSE= B4t 0.07<
UERAAL Qlch

Table 3] AFE o] Fud-ds 71zt Table 29} wlars}
, A ol ZeAlEE 4954 2947 nRMSECIA
T AR 3k& BolARE NSES} CColxE 7954 79t
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Fig. 6. Calibrated Parameters with Varying Spatial Resolutions by PEST

Table 4. Calibrated Parameters by PEST

Event Parameters Spatial resolution
(95% confidence interval) 200m 500m 1000m

Initial soil moisture 0.21 (0.00~0.60) 0.10 (0.00~0.25) 0.10 (0.00~0.16)
Eventl Multiplier of overland roughness 0.97 (0.63~1.3) 1.50 (1.15~1.84) 1.29 (1.17~1.40)
Multiplier of soil hydraulic conductivity 0.97 (0.79~1.20) 0.44 (0.31~0.62) 0.22 (0.17~0.28)
Initial soil moisture 0.57 (0.47~0.67) 0.17 (0.11~0.24) 0.36 (0.26~0.45)
Event2 Multiplier of overland roughness 0.91 (0.79~1.02) 0.82 (0.75~0.88) 0.77 (0.70~0.83)
Multiplier of soil hydraulic conductivity 0.98 (0.90~1.06) 0.66 (0.64~0.68) 0.57 (0.55~0.58)
Initial soil moisture 0.83 (0.80~0.86) 0.59 (0.54~0.60) 0.64 (0.59~0.69)
Event3 Multiplier of overland roughness 0.50 (0.44~0.56) 0.50 (0.46~0.54) 0.50 (0.45~0.55)
Multiplier of soil hydraulic conductivity 1.04 (0.78~1.40) 4.61 (3.92~5.43) 4.38 (3.55~5.40)
Initial soil moisture 0.79 (0.64~0.95) 0.10 (0.00~0.30) 0.10 (0.00~0.35)
Event4 Multiplier of overland roughness 0.69 (0.33~1.06) 1.50 (1.12~1.88) 1.5 (1.21~1.78)
Multiplier of soil hydraulic conductivity 0.83 (0.67~1.03) 2.17 (1.69~2.78) 2.10(1.48~2.99)
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Fig. 7. Observed and Simulated Discharge with Varying Spatial Resolutions After Calibration

Table 5. Simulation Accuracy After Calibration

Spatial resolution
Event Metrics
200m 500m 1000m
NSE 0.768 0.870 0.838
Eventl
RMSE 44.1 33.1 36.9
NSE 0.713 0.234 0.616
Event2
RMSE 29.5 48.2 34.1
NSE 0.952 0.993 0.993
Event3
RMSE 443 17.1 17.1
NSE 0.907 0.945 0.887
Event4
RMSE 129.8 100.1 143.1
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Table 6. Simulation Accuracy Using the Same Parameters for
Different Resolutions

Spatial Spatial resolution of application
resolution .
Event of parameter Metrics
param 200m | 500m | 1000m
estimation
NSE 0.768 0.823 0.794
200m
RMSE 44.1 38.6 41.6
Eventl
NSE 0.681 0.688 0.838
1000m
RMSE 51.7 51.2 36.9
NSE 0.952 0.950 0.954
200m
RMSE 443 45.6 43.6
Event3
NSE 0.885 0.924 0.993
1000m
RMSE 68.8 55.8 17.1
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