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Abstract— The water balance is important for planning the 

agriculture crop production because it can assess the water 

shortage and the water excess or the water demand of each river 

basin area. This helps improve efficiency of the current and 

future watershed management. Soil and Water Assessment or 

SWAT is a mathematical model which is the method of the water 

balance assessment. It is reliable and internationally accepted 

water model. This article introduced the SWAT model to 

evaluate the water balance of the 25 watersheds in Thailand 

within one month ago and seven days and six hours in advance. It 

uses the real rainfall data from the rainfall gauging stations for 

the backward period and the forecast rainfall data from WRF 

weather model maps for the forward period. This system is the 

automatic process as scheduled. The outcomes of this system are 

the water balance data displayed as the text files and the water 

balance maps in order that this information are simple to apply 

for planning the water management. 
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I. INTRODUCTION 

Many areas in Thailand often faced with the effects of 
drought because of an imbalance in the water supply and the 
water demand. The consequence is the environmental and 
social problems such as the lack of water for agriculture, the 
competition for water consumption of the community, etc. The 
analysis of the water balance helps to know about the water 
demand and the water volume in the area that there are 
adequate or not. It provides assistance and plan for future water 
use accurately. 

The current water balance with SWAT which is a 
mathematical model is recognized internationally. When apply 
Weather Research and Forecasting Model or WRF which 
forecasts the volume of rainfall with high accuracy with 
SWAT, it can forecast the water balance. This is very useful in 
planning water management. However, in the SWAT model 
running, it uses a large volume of data for the processing and 
the variety of procedures. The factors involved in the process, 
many factors are changed daily such as rainfall, temperature, 
moisture in the air, and etc. By limited the number of 
personnel, it makes the data processing delay and difficult.  

The development to assist in the processing model SWAT 
and to display the map of water balance backward and forward 
automatically, it helps to assess the water balance easily and 
quickly. Consequently, the workloads of the personnel in the 

operation are reduced and the water management can be planed 
more effectively. 

II. BACKGROUND 

A. SWAT- Soil and Water Assessment Model 
The Soil and Water Assessment Tool (SWAT) [3][4] is the 

hydrological model developed by USDA Agricultural Research 
Service (ARS) to study the quantitative impact of watershed 
management which have the large sizes and complex.  SWAT 
can be evaluated the water balance of the area by using the 
water balance equation as follow:  
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where SW is the Soil Water Content at 15 atmosphere 
pressure, t is the time which is measured in days. R is the 
daily rainfall. Q is the daily runoff. ET is the daily 
evapotranspiration. P is the daily percolation. QR is the 
daily return flow. 

B. WRF-Weather Research and Forecasting Model 

The Weather Research and Forecasting (WRF) Model [1] is 
a mesoscale numerical weather prediction system designed to 
serve both atmospheric research and operational forecasting 
needs. The effort to develop WRF began in the latter part of the 
1990's and was 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 (then) 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 model 
supports a variety of capabilities. These include as follows [5]: 

 Real-data and idealized simulations 

 Various lateral boundary condition options for real-
data and idealized simulations 

 Three-dimensional analysis nudging 

 Observation nudging 

 Regional and global applications 

 Digital filter initialization 

http://www.wrf-model.org/
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 etc. 

III. TECHNIQUE IMPLEMENTATIONS  

The automated systems development of SWAT to calculate 
the water balance of 25 watersheds is divided into 2 periods 
shown in Fig. 1 that are as follows: 

A. Reanalysis process 

Reanalysis process is divided into 2 periods that are the past 
seven days and the past one month by counting backwards 
when the system runs such a system to operate on the seventh 
date, the system will process the data back from the first date to 
seventh and the eighth date of the last month to the seventh 
date in this month, respectively. 

B. Forecast process  

Forecast process includes the projected water balance seven 
days in advance of the date set for implementation such that the 
system operates on the seventh date, the system will process 
the forecast data from the seventh date to thirteenth. The data 
used to run the SWAT system uses information gathered from 
the following sources. 

 

Figure 1.  Time periods in SWAT processing system 

TABLE I. INPUT DATASETS OF SWAT 

Data Data Sources Time 

Land use Land Development Department 2009 

DEM Royal Thai Survey Department  1995 

Soil group Land Development Department 2009 

Relative humidity Thai Meteorological Department Daily 

Temperature Thai Meteorological Department Daily 

Rainfall Thai Meteorological Department Daily 

 

For the reanalysis of water balance assessment, the 
observed data obtain from the field station. The data in Table I 
are divided into information that is updated infrequently 
because limitations in the data production such as land use, 
DEM, and soil group which are the calculated values stored in 
the model to reduce the processing time. The daily frequency 
of data collected are imported into the models and calculated 
the new values every day such as relative humidity, 
temperature, and rainfall. 

The seven days forecast of rainfall data are derived from 
the WRF model. For the temperature and the relative humidity, 
the last day data are used to calculate. The method of 
processing steps as shown in Fig. 2. 

Fig. 2 describes the operation of the system. The system 
begins to pull data from the server of Hydro and Agro 
Informatics Institute or HAII where stores the input data – the 
temperature and the relative humidity.      Then, these data are 

 

Figure 2.   The steps of SWAT processing and creating the map of the water 

balance in Thailand basin automatically. 

arranged into the new input files (tmp.tmp, hmd.hmd, file.cio) 
by setting into the right format that can be processed in the 
SWAT model and they are written with Python. 

The rainfall data are interpolated and converted into the 
raster files. Then, the watershed boundaries shape file is 
applied to crop the required rainfall in each basin boundaries. 
After that, it calculates the average (mean) of all the pixels in 
each basin and creates and formats the input file (pcp.pcp) that 
can import into the SWAT model.  

When a preparation of input data has been completed, it 
runs SWAT software on server and a log file is created to 
monitor the operation of the system. And then, the SWAT 
processing is complete, the outcomes of SWAT model - 
output.sub - are taken to calculate the water balance in the 
determined period as follows. 

The formulas for the water balance in the areas [2]: 

1000/))
1

(( A
d

W
d

E
d d

PB 





              (2) 

 

1000/))
1

(( A
d d

PEPE 





                        (3) 

where B  is the water balance of the area at the 

determined time such as monthly, seven days period, etc. 

(MCM3).  Pd is the total amount of precipitation falling on 

the sub basin during time step (mm H2O). Ed represents the 

actual evapotranspiration from the sub-basin during the 

time step (mm). Wd is the water yield (mm H2O). A is the 

area of sub basin (km2). PE is the potential 

evapotranspiration the sub-basin during the time step (mm 
H2O). 

http://en.wikipedia.org/wiki/Royal_Thai_Survey_Department
http://www.tmd.go.th/en/
http://www.tmd.go.th/en/
http://www.tmd.go.th/en/
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The result values can be taken to be the seven days 
backward and seven days forecast of water balance criteria as 
shown in the following table. 

Criteria Detail 

balance > 100 More than 100 mm3 

balance > 20 and balance <= 100 More than 20 mm3 but not over 

100 mm3 

|balance| <= PET  x 0.3 and balance 

<= 20 

The existing water sufficient to 

meet demand. 

balance < 0 and |balance| >= PET  x 

0.3 and |balance| <= PET  x 0.5 

The existing water less than 

and not over the water demand 

50%. 

balance < 0 and |balance| > PET  x 0.5 The existing water more than 

the water demand 50%. 

 

The one month backward criteria of water balance are 

shown in the following table. 
Criteria Detail 

balance > 200 More than 200 mm3 

balance > 40 and balance <= 200 More than 40 mm3 but not over 

200 mm3 

|balance| <= PET x 0.3 and balance < 

20 

The existing water sufficient to 

meet demand. 

balance < 0 and | balance| >= PET x 

0.3 and |balance| <= PET x 0.5 

The existing water less than 

and not over the water demand 

50%. 

balance < 0 and | balance| > PET x 0.5 The existing water more than 

the water demand 50%. 

 

Eventually, the water balance maps are created in raster 
(.jpg) format with Python program on SWAT server and 
displayed on the website. The system is performed 
automatically and determined the time schedule by Task 
Scheduler on SWAT server. The SWAT model starts its 
processing from 0:15 am each day. 

IV. RESULTS 

The outputs of SWAT processing system are 2 files as 
follows: 

 output.sub is the text file format to display the daily 
information of water balance in the area. Fig. 3 
illustrates the detail of output.sub which is the output 
file of SWAT processing system. Each horizontal line 
is arranged by Julian date. The last date processed is on 
a line at the end of file. Each line contains the 
parameters of each area. 

 

Figure 3.  The output file of SWAT processing system (output.sub).  

 

Figure 4.  The sample of water balance map in the Chao Phraya river basin. 

 The map displaying the water balance forward / 
backward of basin and watershed groups is the image 
file. The system creates the map in jpeg file format to 
display the water balance follow the determined 
criteria in different colors. The outside areas of the 
model are shown in gray as illustrated in Fig. 4. 

o The monthly water balance map is determined to 
produce every the first Wednesday of the month. 

o The seven days backward water balance map is 
determined to produce on Monday and Thursday 
of every week. 

o The seven days forecast water balance map is 
determined to produce on Monday and Thursday 
of every week. 

All outputs are stored on SWAT server, then show up it on 
website. 

V. CONCLUSIONS AND DISCUSSIONS 

The automatic SWAT processing and mapping system of 
water balance assists in the quick assessment of water balance 
backward and forward, according to the scheduled time, and 
every river basin and watershed group as programmed. In 
addition, the system helps reduce the workload of the staff in 
the process operation. Even if our WRF model produced 75% 
accurate precipitation, but there is still the projected 
information limitation of some factors that is using the last 
information instead of the forecast information such as 
temperature, humidity, etc. It may make the results to be less 
accuracy. Moreover, there is the limitation of database which 
the dataset still be imported by staff. Therefore, it causes the 
uncertain time to import, if some events unexpected happen 
such as the employees forget import the data and the data are 
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not imported the system because of the long holidays. It makes 
lack some information in some periods. Then, some errors may 
occur when the SWAT processing system run. 

For the system development in the future, in order to the 
results are more accurate, we will study and find out the other 
forecast data such as temperature, humidity, and etc. to replace 
the use of the latest data. In addition, the better design and 
implementation of the data in the database reduces the errors of 
the missing data. Moreover, the system should have the 
accuracy verification of predictions with actual events and 
adjust processing techniques to more quickly operation. 
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