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Abstract

For the efficient use and management of water resources, a reliable rainfall-runoff analysis is necessary. Still, continuous hydrological data
and rainfall-runoff data are insufficient to secure through measurements and models. In particular, as part of the reasonable improvement
of a rainfall-runoff model in the case of an ungauged watershed, regionalization is being used to transfer the parameters necessary for the
model application to the ungauged watershed. In this study, the GR4J model was selected, and the SCEM-UA method was used to
optimize parameters. The rainfall-runoff model for the analysis of the correlation between watershed characteristics and parameters
obtained through the model was regionalized by the Copula function, and rainfall-runoff analysis with the regionalized parameters was
performed on the ungauged watershed. In the process, the intermediate state variables of the rainfall-runoff model were extracted, and the
correlation analysis between water level and the ground water level was investigated. Furthermore, in the process of rainfall-runoff
analysis, the Standardized State variable Drought Index (SSDI) was calculated by calculating and indexing the state variables of the GR4J
model. and the calculated SSDI was compared with the standardized Precipitation index (SPI), and the hydrological suitability evaluation
of the drought index was performed to confirm the possibility of drought monitoring and application in the ungauged watershed.
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Fig. 1. Conceptual framework of the GR4J model
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Fig. 2. Physical formular and flowchart of the GR4J model
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Table 1. Input variables of the GR4J model

Variables Description

PET | Potential areal evapotranspiration

E, Net evapotranspiration capacity

E, Actual evaporation rate

F(Xz) | Groundwater exchange term

P Areal catchment rainfall

Prec | Percolation leakage
P, Net rainfall

P. Total quantity of water to reach routing functions

Amount of net rainfall that goes directly to the routing
functions

Amount of net rainfall that goes directly to the production
store

0 Total stream flow
01 Output of UH2
9 Output of UH1

Qu Direct flow component

O, Routed flow component

R Water content in the routing store

S Water content in the production store
UH1 .
U Unit hydrographs

X Capacity of the production soil (SMA) store (mm)

X, Water exchange coefficient (mm)

Xz Capacity of the routing store (mm)

X, Time parameter (days) for unit hydrographs
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Name Watershed Dam Code Standard basin code Operating agency
Andongdam Nakdong River 2001110 200118 K-water
Boryeongdam Geum River (West) 3203110 320308 K-water
Buandam Mangyeong-Dongjin 3303110 530103 K-water
Chungjudam Han River 1003110 100327 K-water
Daecheongdam Geum River 3008110 300809 K-water
Hapcheondam Nakdong River 2015110 201810 K-water
Hoengseongdam Han River 1006110 100603 K-water
Imhadam Nakdong River 2002110 200212 K-water
Juamdam Seomjin River 4007110 400801 K-water
Milyangdam Nakdong River 2021110 202315 K-water
Namgangdam Nakdong River 2018110 202101 K-water
Seomjingangdam Seomjin River 4001110 400301 K-water
Soyanggangdam Han River 1012110 101107 K-water
Yongdamdam Geum River 3001110 300108 K-water
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Table 3. Information of water-level stations used in the study
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Name Watershed Dam Code Standard basin code Operating agency
Najeongyo Han River 1001630 100109 Ministry of Environment
Samokgyo Han River 1001683 100117 K-water

Pyeongchanggyo Han River 1002650 100206 Ministry of Environment
Jucheongyo Han River 1002685 100210 Ministry of Environment
Sincheongyo Han River 1002687 100210 Ministry of Environment
Palgoegyo Han River 1002698 100213 Ministry of Environment
Weondaegyo Han River 1012650 101205 K-water
Deokcheongyo Nakdong River 2002655 200210 K-water
Mukgyegyo Nakdong River 2002685 200214 Ministry of Environment
Ungokgyo Geum River 3001605 300101 Ministry of Environment
Iwondaegyo Geum River 3006680 300601 K-water
Sangyeri Geum River 3007670 300706 K-water
3.1.1 d-RE 28 2135t = U Algol tiet L2 Ao Bl = A o5
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Table 4. Statistics of GR4J model with optimized parameters (Dams)
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Name Bias NSE RMSE CcC loA
Andongdam 2.66 0.80 40.76 0.90 0.95
Boryeongdam 0.18 0.84 5.19 0.92 0.95
Buandam -0.05 0.84 2.36 0.92 0.95
Chungjudam 8.82 0.83 203.48 0.91 0.95
Daecheongdam -0.86 0.85 88.59 0.92 0.96
Hapcheondam 1.07 0.88 20.54 0.94 0.97
Hoengseongdam 0.46 0.90 6.36 0.95 0.97
Imhadam 2.97 0.85 30.88 0.92 0.96
Juamdam -0.35 0.85 27.82 0.92 0.96
Milyangdam 0.09 0.82 4.99 0.91 0.95
Namgangdam -0.67 0.86 89.83 0.93 0.96
Seomjingangdam 0.07 0.75 28.96 0.87 0.93
Soyanggangdam 4.00 0.89 72.81 0.95 0.97
Yongdamdam 2.03 0.88 25.16 0.94 0.97
Table 5. Statistics of GR4J model with optimized parameters (Water-level stations)

Name Bias NSE RMSE CC loA
Najeongyo -0.07 0.83 14.96 0.91 0.95
Samokgyo 15.03 0.78 44.00 0.91 0.95

Pyeongchanggyo 4.39 0.83 19.96 0.92 0.95
Jucheongyo -6.20 0.31 69.23 0.59 0.73
Sincheongyo -0.52 0.82 21.43 0.91 0.95

Palgoegyo 0.61 0.82 72.87 0.91 0.94
Weondaegyo 2.14 0.49 67.96 0.70 0.81
Deokcheongyo 0.95 0.69 7.13 0.85 0.92
Mukgyegyo 0.46 0.78 9.70 0.88 0.94
Ungokgyo 0.67 0.91 2.35 0.96 0.98
Iwondaegyo 1.12 0.57 102.19 0.75 0.85
Sangyeri -0.02 0.61 18.99 0.78 0.87
Table 6. Statistics of GR4J model with parameter regionalization (Dams)
Name Bias NSE RMSE CcC loA
Andongdam 4315 0.601 58.043 0.826 0.902
Boryeongdam -4.734 -0.284 14.607 0.905 0.842
Buandam -1.077 0.295 4.926 0.832 0.871
Chungjudam 6.165 0.760 242.563 0.877 0.935
Daecheongdam -9.135 0.616 142.687 0.812 0.896
Hapcheondam -2.921 0.681 33.251 0.898 0.934
Hoengseongdam -4.035 -0.254 22.098 0.905 0.847
Imhadam -21.188 0.572 51.424 0.903 0.918
Juamdam -8.055 0.640 43.496 0.891 0.926
Milyangdam -5.125 -0.961 16.571 0.728 0.737
Namgangdam -2.512 0.853 91.917 0.924 0.959
Seomjingangdam -3.723 0.739 29.640 0.865 0.926
Soyanggangdam 4.726 0.854 85.351 0.941 0.967
Yongdamdam -3.736 0.751 35.925 0.886 0.938
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Fig. 5. Relationship between GR4J model state variables and hydrological variables
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