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Parameter Estimation of a Distributed Hydrologic Model using Parallel PEST:
Comparison of Impacts by Radar and Ground Rainfall Estimates
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Abstract

In this study, we estimate parameters of a distributed hydrologic model, GRM (grid based rainfall-runoff
model), using a model-independent parameter estimation tool, PEST. We implement auto calibration of model
parameters such as initial soil moisture, multipliers of overland roughness and soil hydraulic conductivity
in the Geumho River Catchment and the Gamcheon Catchment using radar rainfall estimates and ground-
observed rainfall represented by Thiessen interpolation. Automatic calibration is performed by GRM-MP
(multiple projects), a modified version of GRM without GUI (graphic user interface) implementation, and
“Parallel PEST” to improve estimation efficiency. Although ground rainfall shows similar or higher cumula-
tive amount compared to radar rainfall in the areal average, high spatial variation is found only in radar
rainfall. In terms of accuracy of hydrologic simulations, radar rainfall is equivalent or superior to ground
rainfall. In the case of radar rainfall, the estimated multiplier of soil hydraulic conductivity is lower than
1, which may be affected by high rainfall intensity of radar rainfall. Other parameters such as initial soil
moisture and the multiplier of overland roughness do not show consistent trends in the calibration results.
Overall, calibrated parameters show different patterns in radar and ground rainfall, which should be
carefully considered in the rainfall-runoff modelling applications using radar rainfall.

Keywords : distributed hydrologic model, radar rainfall estimates, parallel PEST, parameter estimation,
uncertainty assessment
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GRM (Grid based Rainfall-runoff Model)
AVEE BoJeh] 9 #EE TRy
T fE ARs) 7, VIATES B

AEA =9 ke frF sAES AdA 5T
o] &35}1, ¥+ Green-Ampt 28-S ©0]E3
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PEST (model-independent parameter estimation)t |
Ao vy HA s 9 A A A7IA 2
(Doherty, 2003, 2009), AA7|RF A5k 32 23] ulj7|
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Fig. 1. Diagram of GRM Parameter Optimization Processes by Parallel PEST
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Fig. 4. Gamcheon Catchment

Table 1. Applied Events and Observations
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Fig. 5. Rainfall Thiessen network
(Gamcheon)

Periods Catehment (site) Peak disscharge Cumulative rainfall (mm)
(m’/s) Radar Thiessen Int.
2011. 7. 8 22:00~ Geumho River (Geumho) 1767 234 234
7. 12. 24:00 Gamcheon (Sunsan) 1874 162 164
2012. 8. 22. 22:00~ Geumho River (Geumho) 827 136 161
8. 24. 24:00 Gamcheon (Sunsan) 194 52 60
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o} FATALE(Z,,), e RHAHE(differential reflectivity,
Zpp), H1AHS-917d# o] (specific differential phase, Ky,
WA S (cross—correlation coefficient, p,,), XHs-$]
FH D) T 5N7F FhE 0] 87HA 9] A 5E &

Atk 1 T B ATolA &8 R(ZDR) Bringi and
Chandrasekar (2001)7} S-band #°o]t| S o2 A¢k
g Eq. (3)& o] &gtk

Bkt &
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R(ZDR) = ¢, Z3, 10" %" 3)
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o] F W3} elo]t el ] 5 FA W L 71 A
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T 2 ARH 225 HAAT, 27] L35 Al 7HA T Aol doly 2 A Ao ok S9APPE A
I ESsE 2459 27] ke 1o AJZF A A AP TR TP ZE Fe. 63 2tk 201149 79 &
A o] Ede] &R, ASR Ry = F7t AP disl 72 f-elA dleolelet X4 7397t Al
Bo7|7He AAE B8 1 Y¢S FAsEHANL GRM HZ JH Ao & Holx|Rtk FaFo A Ao gt A3
REo FEolo] 2HS wio] T oAPIER wolEh: £ Hola gtk 1y 20124 82 T9AMol disiAle=
2 e o] Eshee) gk 7] AdAo] 8T HE EY T Y BEolA A 7397t dlely 7ol Blsl 13~
FAT 2 AR 25A5E 4 EY Y EXo]§ B4 15% A% W2 95 Bk T3] Afo]7t Hol
W ARE TED T AAH WAAASE BY 1Y A AP T Aok qbl Wk A, & ¢
alolek BAe) AgE wihAse) BF R AT ohgel 1 A Ak B Aol F2 Aol walskslny
Table 29} 2t} 53], B Fl5e] BA A vlae ToAEE 7S 3 e A BIRE
2 2 E 383t g4 2AY(log scale) = HAS = Figs. 7 and 8% 2t} Fig. 72 237 94 thst
SR 1 Qo] v pESE V)E Aol WA i AR F0 BER, doluis} A4 et AnHow
oL} Aol A AAEE S ARSI o, A i = H|S23 S BolARE Hlojy g-ell A v IS
w7 AS o] Qo= g 4 W daglo] L Hl 2 3o IdL) ol AR E NS
MRS 183kt zhe doltle] BYor B 5 glouk 1Eet geojd ¥
A AL A ol freld g itte] Bl s
Table 2. Initial Ranges and Calibration Mode of Parameters
Ranges
Parameters Calibration mode
Minimum Maximum
Initial soil moisture 0 1 Non-log scale
Multiplier of overland roughness 0.5 15 Non-log scale
Multiplier of soil hydraulic conductivity 0.1 10 Log scale
Geumho, Event 2011 Gamcheon, Event 2011
300 200 |
g 150 -
100
E
- 50
ch O_I\\I\\\\\\\I\\II\\I\ O_I\\\II\\\\\\\\III\\\III\H
£
@ 7082200 71001:00 7110500 70822:00 71009:00 71121:00
g Geumho, Event 2012 Gamcheon, Event 2012
-..g 200 100
= 150 80
= | 60 mem=-
5 10 40
O 50 20 — — Thiessen
Oilll\\II\\II\\II\\I\\\I\\\\ Oil\l\\\I\\II\\II\\IITIRIB?W\\
82222:00 82317:00 82411:00 82222:00 82317:00 824 11:00
Time (10 min)
Fig. 6. Cumulative Time Series by Catchment Averaged Rainfall
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(a) Radar rainfall estimates (Event 2011) (b) Ground rainfall by Thiessen interpolation (Event 2011)
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(c) Radar rainfall estimates (Event 2012) (d) Ground rainfall by Thiessen interpolation (Event 2012)

Fig. 7. Cumulative Rainfall Distribution (Geumho River Catchment)
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(c) Radar rainfall estimates (Event 2012) (d) Ground rainfall by Thiessen interpolation (Event 2012)
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Fig. 8. Cumulative Rainfall Distribution (Gamcheon Catchment)
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WE PESTel 93k w7 HAS o] i Tz B A 5357 90l tisiA = oy 2 A 7
+ Fig. 90l T=Alstlom, 7k weje] A8kwof gt F7 £ oA Nash-Sutcliffe £&419 09 o4+ H& A
PAAE Table 33 2tk Fig 99 wAE 2498 Bu8 2% 459 4 238 98 5 dgor), 73
sl ol 4 A¢E el BAGeRE  folol dElNE A% 4 wa Anglel Audos
Nash-Sutcliffe & &49*(Nash-Sutcliffe efficiency; NSE) vro A2 Bl 53] 20129 A ol e =
2} Bt A H- 2 2Hroot mean square error; RMSE) S 4 9] A¥l= B A Fo| % Nash-Sutcliffe EE&A7} 2]
gatg.0m, the ol o) Ak o 3 AE A, 054 A B =g A, 0092 Sskek 7
. A F99) 2012 AHFE] Bl Had AR B34
(@ —Q) oA =y wpasuct Byl FRu ARt
NSE= 1= ————— @ e eguyel 9Pl o Ao WM, ¥
E(Q;bs ~ Q) T7F Fa gk FEolt} Table 304 Bzo], HAH G
o] A oy 79 A& Al A 9ol vlal Bl
T =
Z (ijs _ Q:fim )2 (5) 6’}—7%]4' E‘] 6o]:)\o]'%]. Xé E’]"E% E.()ji]:}’
t=1
MSE =
RMS. T
Geumho, Event 2011 Gamcheon, Event 2011
3000 70 3000
2500 l r5 2500+
2000 10 2000
1500 1500 -
1000 1000 —_
D 500 500 - é
mE i ey T 2
N’ —~
[} 70822:00 70917:00 71013:00 7 1109:00 70822:00 709 17:00 71013:00 711 09:00 E
% Geumho, Event 2012 Gamcheon, Event 2012 é
5 1500 P 0 300 =
) “ c
5 L& 250 a
1000 200 @
10 150 4
500 100
[ 15
50 1
g e NNl ) S ——————— 10
822 22:00 82401:00 82501:00 82601:00 82222:00 82317:00 824 13:00 825 09:00
Time (10 min)
Fig. 9. Observed and Simulated Discharge after Calibration
Table 3. Simulation Accuracy after Calibration
) Geumho River Catchment Gamcheon Catchment
Event Metrics - : B -
Radar rainfall Thiessen* Radar rainfall Thiessen
2011 NSE 0.94 0.94 0.76 0.72
RMSE 114 117 206 222
NSE 0.97 0.94 0.54 0.09
2012
RMSE 38 48 36 51
*Ground rainfall by Thiessen interpolation
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Table 4. Calibrated parameters by PEST

Ground rainfall (Thiessen interpol.)
Calibrated Parameters by PEST

T
2Gamcheon-2012

Parameters Methods of Geumho River Catchment Gamcheon Catchment
(95% confidence interval) | rainfall estimates | Event 2011 Event 2012 Event 2011 Event 2012
Radar rainfall 0.10 0.76 0.46 0.10
o adar taiia 0.02~0.18) | (0.71~0.82) | (0.04~0.88) | (0~0.26)
Initial soil moisture -
Thiessen 0.61 0.71 0.10 0.49
interpolation (0.57~0.65) (0.58~0.83) (0~0.21) (0.30~0.68)
Radar rainfall 0.69 0.78 0.90 15
Multiplier of overland (0.59~0.79) (0.67~0.89) (0.65~1.15) (0.57~2.43)
roughness Thiessen 0.83 0.50 0.64 1.09
interpolation (0.75~0.92) (0.21~0.79) (0.21~1.08) (0.87~1.31)
Radar rainfall 0.44 0.47 0.70 0.23
Multiplier of soil (0.29~0.66) (0.42~0.52) (0.35~1.40) (0.18~0.30)
hydraulic conductivity Thiessen 1.61 2.68 0.33 0.67
interpolation (1.43~1.81) (2.08~3.43) (0.17~0.67) (0.46~0.98)
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