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Abstract 

According that extreme flood estimation is one of the important process for reservoir 

operation planning, therefore, the objective of this study is to enhance the spatial efficiency of 

flood estimation by applying the space information of satellite rainfall and Numerical 

Weather Prediction model (NWP) with the hydrological model. The estimated rainfall from 

Global Satellite Mapping Precipitation (GSMaP) and the Weather Forecast and Research 

(WRF) model over Nan basin in the northern of Thailand have been used in this study. 

GSMaP is satellite rainfall with the resolution grid of 0.1 degrees that had been developed 

from the Japan Aerospace Exploration Agency (JAXA), whereas, WRF model is one of the 

Numerical Prediction Models (NWP) provided grid point rainfall at the same resolution that 

had been developed by a collaborative partnership principally among the National Center for 

Atmospheric Research (NCAR), the National Oceanic and Atmospheric Administration 

(represented by the National Centers for Environmental Prediction (NCEP) and the Forecast 

Systems Laboratory (FSL), the Air Force Weather Agency (AFWA), the Naval Research 

Laboratory, the University of Oklahoma, and the Federal Aviation Administration (FAA).  

Merging WRF and GSMaP, to obtain estimates rainfall, had been done by the technique of 

Kriging method. Observed rainfall from stations of the Thai Meteorological Department 

(TMD) and hydrological information from the Royal Irrigation Department (RID) during 

2000-2010 are applied to calibrate the hydrological model of Soil Water Assessment Tool 

(SWAT) in order to adjust the hydrological parameters this study. The extreme flood, then, 

had been analyzed using these parameters and the above estimated rainfall. Comparing the 

analyzed extreme flood event with the record, it is found that the directly initial data from 

GSMaP, WRF and Kriging method to SWAT. The results showed that a quit lower than 

observation as GSMaP and WRF whereas a quit closed observation as Kriging method. 

Further study should be done by applying these extreme flood estimation to adjust the 

operation rule curve in order to increase the efficiency of reservoir operation. 

Keywords: WRF, GSMaP, Hydrology, SWAT and Flood. 

1. Introduction  

Nan is a disaster area flood caused by heavy rain for several moments and then 

flooding. Therefore, the measurement of rainfall and rainfall forecasts are important for flood 

management. At present, remote sensing technology has developed rapidly, particularly 

technology meteorological satellite and weather radar has a role in tracking the rain and 

estimate the amount of rain over a wide area and is nearly real time. The scientists have 

developed a numerical model with complex mathematical equations. Then use high 
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performance computing model atmosphere calculations that could have a spatial resolution 

precipitation forecast is accurate, roughly forecast, so it is important to the disaster 

management. We found that a technique used the estimated rainfall from GSMaP satellite 

relate to observed station [1][3], a program to provide short-term forecasting accuracy by 

combining meteorological satellite data, the weather radar data and numerical weather 

forecast data merging [2], and also a comparison of the estimate the rainfall from 

meteorological satellites and the numerical weather prediction models [4].  

The paper is to study the estimation of rainfall from meteorological satellites 

(GSMaP) data and rainfall forecasts from the Weather Forecast and Research (WRF) model 

comes to merging both methods together by weighting method, and output data from 

weighting can an input hydrology model to calculate the flow rate of water (Runoff), and then 

comparison to runoff at the  outlet N.1 station. 

2. Study Area and Data used,  

2.1 Study Area,  

Topography of the study area for this project covers an area of the upper Nan 

river basin. The watershed includes 5 branches include the Nan River Upper basin, Huai Num 

Yao (1), Huai Num Yao (2) and Nan River (2) a total area of 5,741 square kilometers. The 

terrain consists of mountains which is high. Headwaters of the river that originates from the 

mountains of Luang Prabang and switch to plain in the valley of the river. With a height 

ranging from 200 to 1,900m above mean sea level (MSL). Mountains on the west and east 

sides of the area is the source of many tributaries. Plains area has an altitude of about 200-

300m above MSL are following figure 1.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             

 

 

 

 

Figure 1.1: schematic of study area. 

 

2.2 Data used The rainfall data used to study during 2000-2010 to be celebrated 

about 10 years. The rainfall stations from the Thai Meteorological Department (TMD) and 6 

hydro stations from the Royal Irrigation Department (RID). The data composed of the 

 

*Outlet (N.1) 
 



 

 

Page | 3 
 

relative humidity, max/min temperature, evaporation, wind speed/wind direction at 10m, 

rainfall and runoff. 

2.2.1 Digital Elevation Model (DEM) data were extracted from the Land 

Development Department (LDP) as contour files and generated to ArcGIS was following in 

figure 1.1 (a).  

2.2.2 Soil categories data of Nan province from Land Develop Department (LDP) 

used 1:50,000 and also they can classify 22 groups showed in figure 1.1 (c). The mostly soil 

composed of the clayey sands, sand-silt mixture (SC), it has a yellow color that covers 

4,468      and 78.9% of Nan province are following in table 1.1. 

2.2.3 Land use and land cover data extracted from the Land Development 

Department (LDP) as TIF files. The TIF files were converted to ArcGIS format which can 

classifies 10 groups showed figure 1.1 (b). The mostly land use is Mixed forest covers 

1908.50      and 33.7 % of total area showed in table 1.2.   
 

Table 1.1: Soil categories.  

Item Soil categories Area       % Item Soil categories Area       % 

1 Ms 53 0.94 12 Pn 2 0.04 

2 Tm 20 0.36 13 Pp 9 0.16 

3 Hd 68 1.2 14 Wi 2 0.04 

4 Np 12 0.21 15 Wn 35 0.62 

5 Ty 59 1.04 16 Ki 53 0.93 

6 AC-pd 15 0.27 17 Re 2 0.03 

7 Bm 1 0.02 18 Ks 59 1.04 

8 Ch 154 2.72 19 Sc 4,468 78.9 

9 Pc 510 9.01 20 Ly 15 0.27 

10 Cr 11 0.2 21 Ml 98 1.74 

11 Ct 7 0.13 22 Kyo 8 0.13 

Total 5,663 100 

 

Table 1.2: Land use categories  

Land Use categories Symbol Area        Total Area (%) 

Grove wood DTFR 151.29 2.7 

Water resource WATR 19.85 0.4 

Community URBN 77.47 1.4 

Paddy Fields PDDY 399.42 7.1 

Farm plants FCRP 94.50 1.7 

Deciduous Forest RNGB 100.99 17.7 

 Forest steppe FRSE 1709.83 30.2 

Mixed forest FRST 1908.50 33.7 

Orchard ORCD 207.53 3.7 

Wood lot PNFR 93.63 1.7 

Total  5,663.00 100 

 

 

 

 

  

 

 

 

 

 
Figure 1.1: Area covers Nan basin and the digital elevation model (a), soil categories of Nan province (b), Land use categories (c), Stations 

for calibration: d090203, d090201, N65, N65, N49 and N1 (d). 
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http://pikul.lib.ku.ac.th/www/thes_show.php?mainword=Forest%20steppe&mainid=3053&lang=EN
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2.2.4 GSMaP Data 

                          Meteorological satellites cannot be measured directly rainfall as ground-

based rain gauges. However, it can detect waves or electromagnetic radiation reflected from 

the ground and in the atmosphere. The estimation of rainfall from GSMaP is one of the 

leading products to provide hourly rain rate estimates with a resolution of 0.1 degrees 

(resolution grid 10kmx10km). The GSMaP composed of microwave radiometers including 

the Tropical Rainfall Measuring Mission (TRMM) Imager and Sounder (SSMIS), and the 

Advanced Microwave Sounding Unit (AMSU). Over land, the scattering signals measured at 

higher frequency channels (mainly between 85 and 90 GHz) are used for rain retrieval. 

Microwave radiometers don’t cover the entire planet in one hour. So, to fill the gaps in the 

observations of the microwave, cloud motion vector is derived from infrared images from 

geostationary meteorological satellite. The rainfall of GSMaP is a binary format, then we also 

convert a binary format to ASCII format that was selected area from latitude 16.5
o
N to 

18.5
o
N and 100.5

o
E to 101.3

o
E.  

2.2.4 WRF Data 

WRF has been developed with the cooperation of several agencies, including 

the National Center for Atmospheric Research (NCAR), the National Oceanic and 

Atmospheric Administration (represented by the National Centers for Environmental 

Prediction (NCEP) and the Forecast Systems Laboratory (FSL), the Air Force Weather 

Agency (AFWA), the Naval Research Laboratory, the University of Oklahoma, and the 

Federal Aviation Administration (FAA). The WRF runs under the conditions are two-way 

interactive between mother domain (15kmx15km) and finer domain (5kmx5km), the Micro-

physics scheme uses the WSW5-class, the cumulus scheme used the New Grell (G3), the 

planetary boundary layer scheme used the Mellor-Yamada-Janjic (Eta) TKE [15], run 24 

hours and generated rainfall data from binary format to ASCII format. Its also input SWAT 

model.  

 

3. Methodology  

The study of runoff from running the SWAT model using rainfall data from GSMaP 

and WRF is a difference in the resolution of the grid and the estimation of rain each way. The 

combined rainfall field was obtained by using statistics, objective analysis with a weight 

average of the rain gauge, GSMaP and WRF.   

3.1 Kriging method used in the study is to examine the data quality by distance data 

weight. The method is the estimation of a variable at an unmeasured location from observed 

values at surrounding locations, an optimal interpolation based on regression against 

observed values of surrounding data points, weighted according to spatial covariance values. 

All interpolation algorithms (inverse distance squared, splines, radial basis functions, 

triangulation, etc.) estimate the value at a given location as a weighted sum of data values at 

surrounding locations. Almost all assign weights according to the functions that give a 

decreasing weight with increasing separation a distance. Kriging assigns weights according to 

the data driven weighting function, rather than an arbitrary function, but it is still just an 

interpolation algorithm and will give very similar results to others in many cases [14]. A brief 

overview of the general concept is given in the section. Suppose that observed the 

accumulated rainfall     , at know location  , can be described as follows:   

                           
    
   ,   (eq.1) 

The goal is to determine the weight (   , that minimizes the variance of the estimator.  
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                          (eq.2) 

And under the unbiasedness constant 

              =0,        (eq.3) 

The random field      is decomposed into residual and trend components, 

              ,      (eq.4) 

                 (eq.5) 

                                        (eq.6) 

The residual covariance function is generally derived from the input semivarogram model,  

                      (eq.7) 

 

3.2 Surface runoff, the overflow occurs along a sloping surface when rainfall. The 

hydrology model simulates surface runoff volumes and peak runoff rates for each HRU. 

Surface runoff volume is computed using a modification of the SCS curve number method 

[11] or the Green & Ampt infiltration method [12]. In the curve number method that explain 

curve number varies non-linearly with moisture content of the soil, so the curve drop as the 

soil approaches the wilting point and increases to near 100 as the soil approached saturation 

are Eq. 8 and Eq. 9 [3].  

sR
sR

sR
Q 2.0,

8.0

)2.0( 2





 ,      (eq. 8) 

sRQ 2.0,0.0        (eq. 9) 

 

Where   is the average surface runoff (cm/s),   is amount rainfall (day),   is the retention 

parameter that is correlated with CN, )1.100(254 1  CNs , The peak runoff rate in each 

rainfall by modified rational in Eq. 10.  

 

6.3

.. AreaiC
q peak        (eq. 10) 

 

Where 
peakq is the maximum runoff rate        ),   is the coefficient of surface runoff (mm, 

   ),   is the rainfall intensity (mm/hr) and area is the sub basin area (   ). 

 
The study process by providing the amount of rain from GSMaP and WRF are grid 

points which are merging both data by Kriging method, and also input to the SWAT model to 

study the runoff. The process can be followed as 

 

1. Calibrate SWAT model, Rainfall data from meteorological stations during 2000-

2010 input SWAT model to run calibrated and selected 6 hydrology stations as N.1, 

N.49, N.64, N.65, N090201 and N.090201 to calibrate the runoff from the 

simulation. 

2. Verification, providing the amount of rain from GSMaP and WRF between 2011 

and 2013 is a grid point value which is interpolated both data by Kriging method, 

and also input to the SWAT model to run for getting runoff data. 
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3. Comparison runoff simulation with runoff observed hydrology station.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2: Schematic of data processing. 

      

4. Results  

The results obtained by the method described in the process in the hydrology model 

using rainfall data from GSMaP, WRF, and Kriging which has been already calibrated which 

the verify result were compared to the observed runoff from stations.  

a. Calibration  

The calibration hydrology model ny input rainfall data from the observed TMD’s 

stations to SWAT model, and comparison runoff simulation to runoff from hydrology 

stations. Results showed that the statistic verification R
2
 was 0.84, CC=0.92, simulated runoff 

= 41,217.71cms while runoff from the station was 40,811.32 cms and error = -406.39 cms or 

1.0% error. The details were shown in Table 1.3. 

Table 1.3: Rainfall from observation during 2000-2010 input SWAT run calibration.  

Stations Area(    ) Statistical verification Total of Runoff (cms) during 2000-2010 Error (%) 

   CC Obs. Sim. (Obs.-Sim.) 

N.1 4609.0 0.81 0.90 450,172.41 414,954.42 35,217.99 8.0 

N.64 3440.1 0.82 0.91 345,612.99 344,228.75 1,384.24 1.0 

N.49  155.0 0.84 0.92 40,811.32 41,217.71 -406.39 1.0 

N.65 611.8 0.81 0.90 293,840.87 300,532.64 -6,691.77 3.0 

N.090201 146.7 0.77 0.88 62,950.43 68,517.22 -5,566.79 8.8 

N.090203 176.0 0.83 0.91 211,897.75 226,877.04 -14,979.29 7.0 

 

When rainfall data during 2000-2010 from observed TMD’s stations which was 

interpolated input to the SWAT model was plotted to show the correlation with the runoff 

observed data from the 6 hydro stations, the graph showed the correlation between both data 

and time. The details were shown in figures 1.3 (a-1)-(a-6). When both data were plotted to 

show their statistical correlation, the results were shown as the estimation of runoff during 

2000-2010 in figures 1.4 (b-1)-(b-6). 
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Figure 1.3: The time series of runoff from observation to simulate during 2000-2010: N.090201 (a-1), N.090203 (a-2), N.64 (a-3), N.65 (a-
4), N.49 (a-5) and N.1 (a-6).  
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Figure 1.4: The relation of simulations and observations at each station; N.090201 (b-1), N.090203 (b-2), N.65 

(b-3), N.64(b-4), N.49(b-5) and N.1(b-6).  

 

b. Verification  

The verification of SWAT simulation needs to know the outlet point at N.1  used 

rainfall data during 1 May to 31 October 2011 and 2013 from GSMaP, WRF, and Kriging 

that were interpolated, also input to the SWAT model which has been already calibrated and 

verified with various rainfall data. Rainfall data from GSMaP and WRF are grid point which 

needs to interpolate method to polygon and relate to station, then we can get especially 

rainfall in the area. The technique merged both data by weighting are following figure 1.5.  

 

 

 

 

 

 

 

 

 

Figure 1.5: Schematic for the example of GSMaP rainfall interpolated by Merging method (c-1), WRF rainfall 

interpolated by Kriging method (c-2), and merging of GSMaP and WRF data by weighting method (c-3) in 15 

September 2013.      

Case, Verification Runoff in 2011, In rainy season during 1 May to 31 October has 

the large flooding area in Nan basin. It was caused by a tropical cyclone and downgraded to 

the active low pressure, Haima (20-21 June 2011), Nok-Ten (28 July – 4 August 2011), 

Haitag (24-29 September 2011) and Nasat (27-30 September 2011), move to cover the area. 

The rainfall data from GSMaP, WRF, and Kriging interpolated input to the SWAT model 

computed runoff, which were the results compared to the observed from stations. At outlet 

point N.1 station, the result showed that the runoff from Kriging was closer to the runoff from 
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the observed station than the runoff from GSMaP and WRF. While the runoff rate from 

GSMaP was poorer than others.  

Table 1.4, The Merging was SWAT simulation can got runoff 790,731.57cms and 

hydrology observed station is 147,912.60cms that were different 57,181.03cms, it's also error 

38.65%. The statistics verification showed that its runoff rate was close to the runoff rate 

from the observed station at outlet point N.1. The maximum R
2
 was 0.68, CC=0.83, 

RMSE=492.70, STD=653.33, and MAE=343.34 at the outlet N.1 station. While GSMaP 

simulated runoff was 90,385.90cms that was a different lower runoff observation 57,553.70, 

it’s also error 38.85%. The minimum R
2
 was 0.67, CC=0.82, RMSE=501.23, STD=650.16, 

and MAE=356.46. 

Figure 1.6 (c-1, c-3, c-5) showed the correlation between runoff from GSMaP, WRF 

and Merging input SWAT simulated to time series (day). All results showed that a quiet 

lower than observed.  

Figure 1.6 (c-2, c-4, c-6) showed a scatter plot of the runoff simulation by SWAT to 

runoff from observation. The statistics verification showed in table 1.4.  

Table 1.4: The GSMaP input to SWAT simulation  relate to observations during 1 May to 31 October 2011 

Item Station Area Runoff (cms)  Statistical verification 

        Observations Simulations Obs.-Sim. Error(%)      CC RMSE STD MAE 

GSMaP N. 1 4,609.1 147,912.60 90,385.90 57,553.70 38.85 0.67 0.82 501.23 650.16 356.46 

WRF N. 1 4,609.1 147,912.60 91,077.24 56,835.36 38.42 0.64 0.80 515.32 668.32 355.91 

Merging N. 1 4,609.1 147,912.60 90,731.57 57,181.03 38.65 0.68 0.83 492.70 653.33 343.34 
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Figure 1.6: Schematics the correlation between runoff from GSMaP, WRF and Kriging 

simulated to time series as d-1, d-3 and d-5. A scatter plot of the runoff simulation of runoff 

from observation d-2, d-4, d-6.    

 

Case, Verification Runoff in 2013,  

Table 1.4, The Kriging input SWAT simulation can got runoff 55,567.62cms and 

hydrology observed station is 49,311.48cms that were over different 6,255.62cms at the 

outlet point (N.1), it's also error 13.0%. The statistics verification showed that its runoff rate 

was close to the runoff rate from the observed station at outlet point N.1. The maximum R
2
 

was 0.71, CC=0.84, RMSE=158.20, STD=273.66, and MAE=166.36. While WRF simulated 

runoff was 61,759.00cms that was a different runoff observation 12,447.52, it’s also error 

26.0%. The minimum R
2
 was 0.76, CC=0.87, RMSE=153.74, STD=275.38, and 

MAE=116.19. 

Figure 1.7 (d-1, d-3, d-5) showed the correlation between runoff from GSMaP, WRF 

and Kriging input SWAT simulated to time series (day). All results showed that a quiet lower 

than observed.  

Figure 1.7 (d-2, d-4, d-6) showed a scatter plot of the runoff simulation by SWAT to 

runoff from observation. The statistics verification showed in table 1.5.  

Table 1.5: The GSMaP input to SWAT simulation  relate to observations during 1 May to 31 October 2013 

Item Station Area Surface Runoff (   s) Statistical verification 
        Obs. Sim. Obs.-Sim. Error (%)      CC RMSE STD MAE 

GSMaP N. 1 4,609.1 49,311.48 55,567.10 -6,255.62 13.00 0.71 0.84 158.20 273.66 166.36 

WRF N. 1 4,609.1 49,311.48 61,759.00 -12,447.52 26.00 0.76 0.87 153.74 275.38 116.19 

Merging N. 1 4,609.1 49,311.48 58,663.05 -9,351.57 19.00 0.84 0.89 136.77 269.47 95.56 
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Figure 1.7: The verified the stream flow from Kriging method (interpolated of GSMaP and SWAT) simulation 

and observations are N1(e-1), N. 64(e-2), N65(e-3), N. 49 (e-4), N.090201 (e-5) and N.090203 (e-6).  

 

The accumulated rainfall in 2011 from GSMaP, WRF and Merging which were 

heavy rain than normal year input to SWAT for estimating runoff at the outlet (N.1). Results 

showed the average runoff is 90,731.57cms and the runoff of the station is 147,912.60cms 

which were less than the runoff observation about 57,181.03cms by the average error 39.0%. 

The statistics of verification were (Avg. R
2
 = 0.67, Avg. CC=0.82, Avg. RMSE=503.09, Avg. 

STD=657.27, and Avg. MAE=351.91) a quite close observed. While the accumulated rainfall 

during 1 May to 31 October 2013 from GSMaP, WRF and Merging which were normal year 

input to SWAT for estimating runoff at the outlet (N.1). Results showed the average runoff 

simulation 58,663.22cms, and the hydrology observed was 49,311.48cms which were 

simulation greater than observation 9,341.57cms or error 19.33%. Then, GSMaP and WRF 

precipitation from a data grid to determine the spatial rainfall  adjusted into stations that is 

one method to use management. However, the hydrology model provides a complicated 

method need to be developed in the further. 

5. Conclusions  

This study showed the rainfall from several sources such as GSMaP, WRF, and the 

Merging method which was interpolated input to the SWAT Model run runoff rate. Results 

showed that the runoff rate from Mriging method was closer to the runoff rate from the 

observed station than the runoff rate from GSMaP and WRF.  While the runoff rate from 

GSMaP was poorer than others. Thus, the estimate rainfall from Mriging method was the 

most suitable method for rainfall estimation. This study indicated that different sources of 

rainfall data which were interpolated input to the SWAT Model generated the different 

results.  However, there are other methods for rainfall estimation for further study. 
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