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Abstract

There remain numerous ungauged watersheds in Korea owing to limited spatial and temporal streamflow data with which to estimate
hydrological model parameters. To deal with this problem, various regionalization approaches have been proposed over the last several
decades. However, the results of the regionalization models differ according to climatic conditions and regional physical characteristics,
and the results of the regionalization models in previous studies are generally inconclusive. Thus, to improve the performance of the
regionalization methods, this study attaches hydrological model parameters obtained using a spatial proximity model to the explanatory
variables of a regional regression model and defines it as a hybrid regionalization model (hybrid model). The performance results of the
hybrid model are compared with those of existing methods for 37 test watersheds in South Korea. The GR4J model parameters in the
gauged watersheds are estimated using a shuffled complex evolution algorithm. The variation inflation factor is used to consider the
multicollinearity of watershed characteristics, and then stepwise regression is performed to select the optimum explanatory variables for
the regression model. Analysis of the results reveals that the highest modeling accuracy is achieved using the hybrid model on RMSE
overall the test watersheds. Consequently, it can be concluded that the hybrid model can be used as an alternative approach for modeling
ungauged watersheds.
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Fig. 1. Location of the 37 watersheds used in this study

Table 1. Descriptions of GR4J parameters (Perrin et a/., 2003)

Parameter Description
Y Maximum capacity of production store (mm)
Y, Groundwater exchange coefficient (mm)
Y, Maximum capacity of routing store (mm)
Y, Time peak ordinate of hydrograph unit UH1 (day)
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Fig. 2. Conceptual description of GR4J model (Perrin et a/., 2003)
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Table 2. Descriptors of watershed characteristics and summary statistics

Notation Unit Description 10th Median 90th Maximum VIF

A km? Area 12.1 134.1 2012.3 8.5

P, mm/yr Annual average precipitation 1020.4 1245.0 1524.3 1.8

P, mm/yr Annual average potential evapotranspiration 883.6 966.0 1023.3 1.9

T °C Annual average temperature 11.3 13.0 14.4 2.7

D km/km? Density of stream 0.9 22 3.6 3.0

H m Average altitude 172.7 359.6 570.2 1.5

H . m Maximum altitude 589.5 1126.1 1584.2 1.6

CN - Curve number 51.0 65.0 76.0 5.0

¢ - Area ratio of soils with slow infiltration rates 12.6 70.6 365.0 6.4
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Fig. 3. The Results of calibration of GR4J model with an average NSE
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Table 3. Performance of GR4J model over the 37 watersheds

(a) 31 watersheds

NSE Min 10th |Median| Mean | 90th Max
Calibration | 0.64 0.68 0.78 0.76 0.83 0.88
Validation | 0.51 0.63 0.74 0.74 0.86 0.89

Average 0.60 0.65 0.76 0.75 0.84 0.88
(b) 6 watersheds

NSE Min 10th |Median| Mean | 90th Max
Calibration | -12.7 | -6.36 | 0.25 | -1.86 | 0.54 0.65
Validation | -14.8 | -7.68 | -0.20 | -2.44 | 0.56 0.68

Average | -13.75| -6.98 | 0.06 | -2.15 | 0.47 0.51

NSE=0.42

Jangheung

NSE=0.33 Gampo R?=0.46

i

I U W .

Tin —

(a) Calibration

Fig. 4. The calibration results of 6 gauged watersheds with an average NSE of less than 0.6
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NSE=0.43 Jangheung

NSE=0.68

R*=0.66

(b) Validation

Fig. 4. The calibration results of 6 gauged watersheds with an average NSE of less than 0.6 (Continue)
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utet Sl ARG F7tEe Ae & o ok
9] BHE 7IRre 2 A HS Y o] 2gH/dE vl st

= 2Tk PRMSE= |99t Y 5 Stol B = Ryt g3t
LRl HEZMin)oll A 14302 7P Jok, Skt

(Mediany& 11.00.0.2 72 23, B (Mean) 7 2 Az
(Max)olA= 2+ 16.29, 34.66 0 2 Sto| He| & R gdo] 71 &
551 tH(Table 6). AXY A= 2|54k F1 gloll A @
A7} A2 W, Pt ] igkel A 7P w3k, ol 40
O] oA 2t ol FH-S Bl ot 7 Feoll A 88
o] =2 g2 7H 7] wiitoloh ¥hH, A St o2
50 \IREe] ghe 7HAAL, 15 ste| B & By o] 7t g5t
Aot Adgro 2 vt PRIASE X Sgk2 Al€lstal 2| <
3R] 7Moot o, AEA AR w2 671
& Vo= Aot @S 2-85l3l7|o A o= @
A7FEA UEETE At o 2 slo]HeE Byo] 71E XY
St P H|SEAL Rt A& o B = n|AISq
HOl-{EFAPE Al shte] ticte] & 4= Q& 2 0 = wheher:

Table 4. The equations of two regionalization models (regression, hybrid)

(a) Regional regression model

Parameter Equation R Adj R
Y, —50.768+0.0524 —0.083 P+0.239 P,, —6.792 D+0.076 H_ , —0.089¢ 0.67 0.58
Y, —5.455—0.005H, . 0.26 0.23
Y, 19.942+0.0394 +0.055—0.073 ¢ 0.46 0.40
Y, 0.515+0.00014 +0.042 D+ 0.001L4_, 0.63 0.59

(b) Hybrid model

Parameter Equation R’ Adj R?
Y, 668.934+0.0234 — 0.292P— 0.114 H— 8.668 D— 2.7A9 CN+0.132H , +1.5947, — 1.380Z, 0.82 0.74
Y, 19.161 —0.006 P— 0.396 D— 0.160 CN+ 0.005 H, ,_ —0.0397, 0.53 0.44
Y, 203.343+0.0144 — 1.916 CN+0.037H, , +0.580Z, —0.530Z, 0.60 0.50
Y, 1.404 4 0.00014 — 0.051 7—0.0004H+0.045.D0+ 0.0004 4, —0.002Z, 0.71 0.63
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Table 5. Comparison between the regression and the hybrid models
for the watersheds to be ungauged using the adjusted A2

From regression to hybrid (%)
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Adj R
Y, 28
Y, 91
¥ 25
Y, 7

Y. Kim et al. / Journal of Korea Water Resources Association 51(8) 677-686

It 2 gk A= 2] 94%’4&&@“‘
H, PBIASOIM = 378523

DT =2 o2 7HATH fﬂrﬂ}
== oA 3l o] A
2rg]t 7o 2 Holm o] =% 7[x] &

st

Foz oAyl
SELEREEE
sol el mgo] =
2 W5 o | 2lo]

AR =

=72t A

=<l

Table 6. Performance of three regionalization(regression, SP, and hybrid) models for the 6 watershed to be ungauged (‘calibration’ indicates

the results using observed data)

Regression Hybrid SP Calibration
PRMSE | PBIAS | R®> |PRMSE| PBIAS | R* |PRMSE| PBIAS| R* |PRMSE| PBIAS | R’
Mihocheon | 22.88 | 375.6 0.01 | 1933 | 50930 0.01 | 17.76 | 707.70| 0.01 | 11.57 | 557.30| 0.01
Gapcheon | 35.41 | 850 0.01 | 3443 | 968.50| 0.01 | 42.68 |1553.10| 0.01 | 88.80 [3327.00| 0.01
Seonam 1.43 | -99.90 | 0.31 1.43 | -99.90| 0.30 143 | -99.80| 0.31 143 | -99.80( 0.42
Watershed
Jangheung | 3.64 | -93.70 | 0.14 3.65 | -94.10| 0.17 3.66 | -95.60| 0.14 3.62 | -92.90| 0.81
Gampo 425 | 625 0.45 425 | -97.80| 0.55 424 | -97.70| 0.50 424 | -96.90| 0.71
Bohyeonsan | 33.86 | 509.30 | 0.67 | 34.66 [1062.30| 0.61 | 38.64 | 815.60| 0.71 2.64 | 112.60| 0.55
Min 2.54 | 96.05| 0.01 1.43 94.10| 0.01 1.43 95.60| 0.01 1.43 92.90| 0.01
Statisti Median 13.56 | 237.75 | 022 | 11.79 | 304.60| 023 | 11.00 | 403.75| 0.23 3.93 | 106.20| 0.48
tatistics
Mean 16.29 |357.10 | 026 | 16.29 | 471.98| 027 | 18.07 | 561.58| 0.28 | 18.72 | 714.42| 0.41
Max 35.41 |357.10 | 0.67 | 34.66 |1062.30| 0.61 | 42.68 |1553.10| 0.71 | 88.80 [3327.10| 0.81
3000-
751
; 2000-
u 50- Calibration " Calibration
H “ Hybrid % + Hybrid
o = Regression o = Regression
sp
25- 1000~
i Min Median Mean Max o Mi;| Median Mean Max
Statistics Statistics
(a) PRMSE (b) PBIAS

Fig. 5. Performance of three regionalization models (regression, hybrid, SP)
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