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1. Introduction

Flood disasters from localized heavy rainfall alagh floods have recently been an increasing theribrea. In order to
reduce flood damage, it is important to observe @redlict rainfall, which is an important hydrolodaxctor. Therefore, the
use of radar rainfall data that can help the tragkif development and movement of rainfall's spaligtribution is drawing
much attention in hydrology.

When analyzing runoff in hydrology, grid-based disited rainfall-runoff model (VfI8") is increasingly used because it
enables more detailed examinations of spatial ¢lixnges in the basin as compared to existing lurhgdoblogic models.
Especially, the use of radar rainfall data that c@ate, correct, or forecast the rainfall datdnwtiort observation period and
the physical-based distributed runoff model usin® @re increasing. It is expected that they will yezy useful when
estimating runoff in unobserved basins in the figfithydrology.

Physical-based distributed model was first intredudy Freeze and Harlan (1969). Vieux, B. E. et(2004), who
developed the Vflo model used in this study, evaldahe physical-based model for the applicatiorflash floods; while
Vieux, B. E and Koehler, E. (2005) studied the Vftmdel using GIS. Kim Byeong-Sik et al. (2008) sestgd a flood
estimation method linked to radar rainfall datareoted by the distributed model and conditionatgnation method. They
proved that the conditional integration method aetually be used in the interpretation of floodatfin

Based on above studies, this study created a rdar-data by Mean-Field Bias (MFB) correction metlaod Statistical
Objective Analysis (SOA) correction method, whiatrect the grid-type radar rainfall data using fairdata on the ground.
Then, various hydrologic parameters had been ataates|S to reflect the characteristics of the halsastly, the usefulness
of radar rainfall data and the accuracy of cormectnethods were evaluated by comparing the runifsy physical-based
distributed model (VfIGY).

2. Study M ethod and Theoretical Background

This study evaluated the accuracy of correctedrreadafall data by way of runoff simulations befarerrection and after
correction by using raw-radar data, which had beerated by applying Z-R formula on the rainfall alatbserved at
Biseulsan Rainfall Radar from August 15 to 17, 20I8e radar rainfall was corrected by Mean-Field<B{(MFB) and
Statistical Objective Analysis (SOA).
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Fig. 1 Sudy flow diagram

2.1 The Concept and Theory of the Vflo Model

The Vflo model used in this study is a physicaldmhslistributed model (PBDM), which provides hydigito model
solution using radar rainfall system and GIS. Timigdel is designed to process the hydrologic paremmetxtracted by
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linking various hydrologic parameters with GISc#én be said that this model removed the empirazbf, which became an
issue in the estimation of parameters.
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Fig. 2 Configuration and concept of the Vflo model

Vflo model expresses the water flow in the basith@sgoverning equation using kinematic wave equaflhis concept,
consisting of simplified momentum equation and ity equation, expresses the ground runoff cabsegikcess rainfall in
the form of one-dimension continuity equation.dtaulates the river flow by using finite elementthza on the input data of
soil map, vegetation/land-use map, topography rmiag rainfall data created in the format of griddzhaumerical map while
assuming the flow of direct runoff as uniform flow.

oh  a(vh) _ — - .
E+ 3 =R-1: One dimension continuity equation of ground stefdlow
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v==h S, : Empirical formula of Manning assuming the grousutface flow as uniform flow
n
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2.2 Radar Rainfall Data Correction Method usingniedi on Ground

1) The Mean-Field Bias (MFB) method is also calted G/R method. It corrects the radar rainfall dayauniformly
applying the correction factor calculated by commathe rainfall on ground and radar rainfall oe thhole area, on which
the radar rainfall data is to be estimated. Théctfasmula used in this study is the following:

R = xR (f =R/R)

Here, f : Correction coefficient of each gringi Rainfall at rainfall on ground grid pointR : Rainfall at radar grid

point R.: Rainfall at corrected radar cell.

2) Statistical Objective Analysis (SOA) had beeggasted by Pereira et al. (1998) based on the optimterpolation
method of Gandin (1963). It accurately estimates rdinfall of an area that does not have obsenad fbr rainfall on
ground using the rainfall on ground data and radanfall data. It adds the observed data and rddéa using the weight
value calculated from the error range of each.

P, (%, ) = Py (%, ¥) + 2 W[ Py (%, i) = P (% i)l

K
k-1
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Here, F’a()(i : yi): Rainfall corrected at the grid point), P, ()(i , yi): Radar rainfall at grid pointi(), P, (X, ¥ ):
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Observed rainfall at the rainfall statiorl? (Xk, yk): Radar rainfall of grid point relevant to the Itica of rainfall station

(K), W, : Weight value, K : Number of rainfall stations(X, ) : Coordinate, d,, : Distance between the poirftsk) .

The core idea of Statistical Objective Analysis §0nethod is applying the optimum weight value, ethiused the
correlation function between the rainfall stations.

2.3 Radar and Object Basin for This Study

Biseulsan Rainfall Radar Station gives out duakpoletric radar data for the first time in Kored€eTspecification is in
Table 1.

The object basin is Gamcheon river basin (mid-velited), which is a tributary of the Nakdong RivehisTbasin has good
topography spatial data, which can be used in herpretation of rainfall-runoff. The basin alsoshigs hydrologic data

available and has relatively small impact of backtew effect. The basin area of Gamcheon river biasit005.3%m and

waterway length is 74.2/. There are a national river (Gamcheon), 17 lowaks, and seven standard basins in Gamcheon
basin.

Location 0 Ao EAN 0 91 1 om
(latitude/longitude) 357427547 /128° 32" 12
Altitude of antenna 1,085 m

Frequency 2,795 MHz (S-band)

Transmission method

Simultaneous H/V

Maximum transmission

750 KW
output
Calculation variables Z,Vr, SW, ZDR,®DP, KDP,pHV
Observation Cycle 2.5 minutes
strategy radius 100 km Rainfall station Water level station
(rainfall radar |~ aiitude || -0.5°~1.6°(low altitude, five altitudes) Gimcheon, Jirye, )
: . Gimcheon, Seonsan
Opening date of observati Jr Buhang-1, Buhang-2, :
. June 10, 2009 ; - (two locations)
station Seonsan (five locations

Table 1. Specification of Biseusan Rainfall Radar Station

3. Radar and Vflo Data

3.1 Radar Rainfall Data Generation and Basis Aiglys

Fig. 3 Basin status

Radar rainfall data was created by applying the #iffiula on the early stage UF data observed aguBsan Rainfall

Radar from 10:30 of August 15 to 09:00 of August4d10.

z=231R"

The raw-radar data before correction calculatednfi@bove Z-R formula in the form of rainfall intetysihad been
converted to cumulated rainfall. The data from E&#®veground rainfall stations in the observatiomgeaof Biseulsan
Rainfall Radar had been used. Mean-Field Bias (MBB)l Statistical Objective Analysis (SOA) methotiattwere

previously explained had been applied.

Raw-radar data before
correction

Raw-radar data corrected
by MFB
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Figure 5 (a) is the comparison of 30-minute cunadatainfall for each rainfall station in the Gamohebasin. It was
possible to confirm that the raw-radar data wasewestimated than the rainfall on ground and the ®0wected rainfall
approached the rainfall on ground. In addition, 8@A-corrected rainfall was closer to 1:1 lineamiowith rainfall on
ground in Figure 5(b), which is the Q-Q plot of edacation before correction and after correction.
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(b) Q-Q plot comparison by location
Fig. 5 Cumulated rainfall (30 minutes) and Q-Q plot comparison by location
3.2 Generation of Vflo parameter data using GIS

Vflo model grid network was created based on vaidilo model input data created by applying (i)ethrbasic
topography spatial data related to basin charatiesisuch as Digital Elevation Model (DEM), vedieta/land-use map and

soil map, (i) the typical luminous intensity cdefént on the land use classification suggestedVigux, and (iii)
Green-Ampt penetration parameters. (Fig. 6)
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(b) Vflo parameter input data
Fig. 6 Model building and parameter input data
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4. Results

In order to evaluate whether the corrected radarrealar data by Mean-Field Bias (MFB) method andtiStical
Objective Analysis (SOA) method realistically exgsehe rainfall distribution with certain rainfaltcuracy, runoff had been
estimated for two water level observation locatiosmg the distribution Vflo model.

When the observed runoff and simulated runoff hadnbexamined against peak discharge, the simulateaff by
raw-radar data was significantly smaller than theesved runoff. The simulated runoff by radar ralinflata applied with
Mean-Field Bias (MFB) and Statistical Objective Arsés (SOA) methods in this study fairly approacttieel observed runoff.
Especially, it was possible to find that the coteecradar rainfall applied with Statistical ObjeetiAnalysis (SOA) agreed
with the peak discharge, peak discharge occuriing,tand overall runoff generation pattern at thie bocations relatively
better in general. (Fig. 7)
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Fig. 7 Comparison of runoff graphs by correction method

In order to examine the runoff comparison resultefach radar rainfall in more detail, error and eicefficiency analysis
had been done. For the error analysis, Mean Alsdutor (MAE), Root Mean Square Error (RMSE), Nolized Peak
Error (NPE), and Peak Timing Error (PTE) had beseduKim Byeong-Sik et al., 2008). According to dralysis result of
error and model efficiency, the error values of MABd RMSE had not been significantly satisfying samse of the
differences in the early stage of runoff causeg@igyious rainfall. However, the NPE on peak disghdrad been on the level
of 20% after correction, which had been 40-60% fefmrrection. The model efficiency (ME) were 70/8{Table 2).
Especially in most error comparisons, the simulateaff by Statistical Objective Analysis (SOA) sted the best result.

Gimcheon locations Seonsan locations
raw-radar MEB SOA raw-radar MEB SOA
data data
MAE 66.18 51.68 18.56 MAE 259.01 127.17 89.18
RMSE 82.33 63.58 39.89 RMSE 320.84 139.57 117.26
NPE -0.410 -0.230 0.205 NPE -0.629 -0.186 -0.020
ME 0.29 0.58 0.70 ME -0.28 0.75 0.82
PTE 1 0.5 0.5 PTE 1 0 0.5
Average 86.17 103.82 13862 | AVerage | 15993 297.97 331.71
(runoff) (runoff)

5. Summary and Conclusions

This study created raw-radar data of object basinguradar rainfall and rainfall on ground dataeTdistribution Vflo
model had been used in the evaluation of correat@thod accuracy and the usefulness of radar taicfeated by
Mean-Field Bias (MFB) and Statistical Objective Arsés (SOA) methods.

Table 2. Error analysis and model efficiency results for each correction method

(2) In this study, the raw-radar data rainfall sedwhe tendency of underestimation as compareddgereed location
rainfall and runoff.

(2) The location rainfall and runoff had been exaedi by radar rainfall data corrected by Mean-Fiias (MFB) and
Statistical Objective Analysis (SOA). Both methad®wed better results when raw-radar data was Esgicially,
the runoff and runoff pattern simulated by StatatiObjective Analysis (SOA) were very close to tiserved runoff
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and pattern. SOA showed the best results in most analyses and model efficiency values.

(3) It was possible to confirm that the radar ralindata corrected by Statistical Objective Anay$50OA) have
hydrologic usefulness as input material to runodie.
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