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ABSTRACT

Owing to the generation of high peak flow, the increase in impermeable areas due to urbanization is a
critical problem. To manage this inevitable issue, forecasting and analyzing runoff is essential. This
study aims to make a more accurate urban basin prediction using the Seoul National University-Climate
Change Impact Assessment for Hydrology Library (SNU-CAHL), which obtains runoff results
generated by the GR4J model. Prior to this, a comparison of runoff results between the Storm Water
Management Model (SWMM), which is an urban rainfall-runoff model, and GR4J was conducted. Both
models were simulated using daily rainfall scenarios and daily rainfall observations. Compared to time-
series data, the two models exhibited similar patterns but different flow duration curves. To improve
the ability prospects of urban basin runoff, it is expected that in further studies, GR4J will be fit into
SWMM together with a parameter adding section.
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1 INTRODUCTION

Owing to climate change and severe urbanization, the impermeable area of the urban watershed will increase
in the future. Urbanization generates a high peak flow and an increase in surface runoff, which leads to urban
flood damage (Kim et al., 2019). Therefore, for urbanization and climate change adaptation, runoff prediction
and analysis in the urban basin is crucial.

The runoff results depend on the hydrological model used. Owing to its ability to set various characteristic values
of urban basins, Storm Water Management Model (SWMM) is generally used when simulating the urban basin
runoff. However, Seoul National University-Climate Change Impact Assessment for Hydrology Library (SNU-
CAHL) has the advantage of automated convenience. Therefore, the objective of this study is to improve the
urban basin projection performance of GR4J in SNU-CAHL by comparing it with SWMM.

Seoul National University-Climate Change Impact Assessment for Hydrology Library (SNU-CAHL) was created
to support calculations that are normally required in climate change research by connecting various models and
input/output data effectively. Before applying the hydrological model, the entire process of creating the input
data was automated. Regional Climate Model (RCM) data was used to generate daily averages for each basin
and then inputted into SNU-CAHL to obtain potential evaporation. Runoff is obtained through the hydrological
model GR4J or Tank (Park, 2016).

2 METHODS AND RESULTS

GR4J and SWMM models were compared to make a more accurate urban basin prediction in SNU-CAHL. The
runoff results of the two models were obtained using the Representative Concentration Pathway (RCP) 4.5
Korea Meteorological Administration (KMA) precipitation scenarios for the basin, containing Bundang-gu in
South Korea, from 2041 to 2070. The minimum, maximum, and average values of the runoff for the entire period
are 0 mm, 327.11 mm, and 1.35 mm, respectively, for the SWMM, and 0.01mm, 383.54 mm, and 1.30 mm,
respectively, for the GR4J. The following time series curve exhibits a similar pattern between the two models.
Figure 2 shows a flow duration curve with relative frequency on the horizontal axis and flow rate on the vertical
axis, in order of magnitude, for analyzing the discharge. A slight difference between the two models is evident.
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Figure 1. Time series curve Figure 2. Flow duration curve

In order to effectively evaluate the performance of the two models, comparing these simulations with monitoring
data is needed. For simulations, rainfall observations from 2009 to 2015 in South Korea, named Bundang-gu
were obtained by the Water Resources Management Information System (WAMIS). The minimum, maximum
and average values of the observed flow rate for the same observation site are 0.98mm, 175.29mm, and
4.42mm. The result values of the two simulated models are Omm, 260.13mm, and 3.85mm for SWMM and
0.01mm, 76.22mm, and 1.01mm for GR4J in order of minimum, maximum, and average. When comparing the
observed flow rate and the simulated flow rate values of the two models, it can be seen that the SWMM has a
value closer to the observed value.

To analyze the cause of this difference, we need to take a closer look at the composition of the GR4J and
SWMM models. First, in the GR4J model, the input values are precipitation and potential evapotranspiration.
There are four parameters, namely the capacity of production store X1, the water exchange coefficient X2, the
maximum capacity of the routing store X3, and the time parameter for unit hydrograph X4 (Ling Zeng et al.,
2019). Unlike GR4J, SWMM can set values for each sub-catchment according to the following components:
slope, area, width, percent impervious area, roughness, infiltration, and CN, which are features that can be set
for each sub-catchment. The values of location, height, slope, roughness, and form can be assigned according
to junctions and conduits. The rainfall parameters include intensity, duration, and frequency (Sahar Babaei et
al., 2018).

As previously mentioned SWMM has the advantage of being able to set various conditions. This way, SWMM
can set different characteristic values for each sub-catchment and accurately analyze runoff in urban basins.
Considering the increase in impermeable area, which is the main effect of urbanization, the percent impervious
area among the sub-catchment features of SWMM should be added as a parameter of GR4J.

3 CONCLUSIONS AND DISCUSSION

The overall runoff was similarly derived for the GR4J and SWMM models. Because the characteristics of urban
basins are not efficiently applied in the GR4J model, the difference between the models in the flow duration
curve was evident. For further research, we suggest that percent impervious area should be added as a
parameter to the GR4J model, such that new runoff results will be simulated by the percent impervious area
parameter applied to the GR4J model. Applying the calibrated GR4J model to SNU-CAHL is expected to be
beneficial in representing the outflow of the urban watershed.
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