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The management of flood prediction in small watershed is generally considered as ungauged basin with lack of hydrological 
observation data. This research was carried out in the Pua watershed, a sub
Thailand. The integrated flood analysis system (IFAS) was the rainfall
streamflow hydrograph during the flood period. It was tested during the largest flood in 2006. The result of its hydrography was 
compared and fitted to the observed data. The correlation in the linear regression (R
average error (MAE) ofthe result by IFAS model and compared to the observed data were 0.6, 53.9, and 
discharge data was 460 cubic meters per second, respectively. The result of the synthesis flood hydrograph can be further app
flood behaviors study and flood extent mapping for better flood management in the considered watershed. 
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INTRODUCTION  
 

The small river basin is usually a lack of 
observation data, including river stages recorded 
and discharge measurement. It was difficulty in 
estimating the amount of streamflow producing 
from the basin particularly during flood occurrence. 
The example of poor flood management in the Pua 
watershed was reported [1]. The Pua
small catchment and sub-basin of the Upper Nan 
River in Nan province, Thailand. Its commanded 
area is about 404 km2, or 18 percent of the whole 
Upper Nan area. It provides annual surface runoff 
throughout the year about 578 mill
(MCM). The ratio of the rate of runoff per unit area 
(Runoff yield) higher than the other catchment’s of 
the Nan. The Pua river is the main stream of this 
watershed extending the forests and 2nd highest of 
the mountains of the DoiPhuKha Na
Nan province. Its natural streams and drainage 
system is with a total length of the river in 728 km, 
covering the use of water in the 9 sub
Pua district, Nan province, shown in Fig. 1. Since, it 
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ABSTRACT 

The management of flood prediction in small watershed is generally considered as ungauged basin with lack of hydrological 
research was carried out in the Pua watershed, a sub-basin of the Upper Nan River Basin in Nan province, 

Thailand. The integrated flood analysis system (IFAS) was the rainfall-runoff model and applied as a tool to synthesisthe daily 
uring the flood period. It was tested during the largest flood in 2006. The result of its hydrography was 

compared and fitted to the observed data. The correlation in the linear regression (R2), the root mean square error (RMSE) and the mean 
(MAE) ofthe result by IFAS model and compared to the observed data were 0.6, 53.9, and 

discharge data was 460 cubic meters per second, respectively. The result of the synthesis flood hydrograph can be further app
viors study and flood extent mapping for better flood management in the considered watershed.  

runoff model; ungauged basin; IFAS. 

The small river basin is usually a lack of 
data, including river stages recorded 

and discharge measurement. It was difficulty in 
estimating the amount of streamflow producing 
from the basin particularly during flood occurrence. 
The example of poor flood management in the Pua 

[1]. The Puawatershed is a 
basin of the Upper Nan 

River in Nan province, Thailand. Its commanded 
, or 18 percent of the whole 

Upper Nan area. It provides annual surface runoff 
ion cubic meters 

(MCM). The ratio of the rate of runoff per unit area 
(Runoff yield) higher than the other catchment’s of 
the Nan. The Pua river is the main stream of this 
watershed extending the forests and 2nd highest of 
the mountains of the DoiPhuKha National Park in 
Nan province. Its natural streams and drainage 
system is with a total length of the river in 728 km, 
covering the use of water in the 9 sub-districts in the 
Pua district, Nan province, shown in Fig. 1. Since, it 

had faced with severely flood
[2]. The processes of natural disaster management 
particular flood prevention as preparedness in small 
watersheds in the Local Sub-district Administrative 
Offices (LAO) in the Pua should be performed. It 
should be relied based on a mat
to analyze the behaviors of the flood. Since 
nowadays, there are some freeware flood packaged 
model such as the Integrated Flood Analysis System 
(IFAS) [3], the Hydrologic Modeling System 
(HMS) [4], and the River Analysis System (RAS) 
[5]. They can apply to assist in flood disaster 
management plan with a synthesis of flood or runoff 
hydrograph using either existing or forecasting 
rainfall cover the watershed.  The RAS model will 
be applied using the previous results of flood 
hydrograph in order to study the river flow 
behaviors based on the channel characteristics to 
delivery those floods to the outlet. The advantage of 
the IFAS model is able to use data that are available 
from the worldwide webs, such as elevation data of 
the area using digital elevation models (DEM), 
existing land uses, and satellite precipitation either 
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The management of flood prediction in small watershed is generally considered as ungauged basin with lack of hydrological 

basin of the Upper Nan River Basin in Nan province, 
runoff model and applied as a tool to synthesisthe daily 

uring the flood period. It was tested during the largest flood in 2006. The result of its hydrography was 
), the root mean square error (RMSE) and the mean 

(MAE) ofthe result by IFAS model and compared to the observed data were 0.6, 53.9, and -5.2, while flood peak 
discharge data was 460 cubic meters per second, respectively. The result of the synthesis flood hydrograph can be further appliedto the 

had faced with severely flooding disaster in 2006 
[2]. The processes of natural disaster management 
particular flood prevention as preparedness in small 

district Administrative 
Offices (LAO) in the Pua should be performed. It 
should be relied based on a mathematical model as 
to analyze the behaviors of the flood. Since 
nowadays, there are some freeware flood packaged 
model such as the Integrated Flood Analysis System 
(IFAS) [3], the Hydrologic Modeling System 
(HMS) [4], and the River Analysis System (RAS) 

]. They can apply to assist in flood disaster 
management plan with a synthesis of flood or runoff 
hydrograph using either existing or forecasting 
rainfall cover the watershed.  The RAS model will 
be applied using the previous results of flood 

order to study the river flow 
behaviors based on the channel characteristics to 
delivery those floods to the outlet. The advantage of 
the IFAS model is able to use data that are available 
from the worldwide webs, such as elevation data of 

igital elevation models (DEM), 
existing land uses, and satellite precipitation either 
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an hourly or daily data available from around the 
world. It can be applied to areas that have the same 

global coordinate position system datum (WGS).

 

 
 
Fig. 1: Study area of the Pua Watershed and locations of some hydrological observation stations in the Upper 

Nan River Basin (defined as the location at upstream of the Sirikit Dam at N.12A) in Nan Province, 
Thailand 

 
Objective: 

The aim of this study is to applythe IFAS’s 
rainfall-runoffmodel using existing rainfall data. The 
result from this model will be calibratedand verified 
with the observed data to ensure for further study of 
flood behaviors, extents, and mappings. 

 
Materials And Methods 

 
The study was conducted in the Pua watershed 

shown in Fig. 2. The secondary data of rainfall and 
necessary climate on the basis of daily were available 
from the Thailand Meteorology (TMD). 
Moreover,the Royal Irrigation Department (RID) and 

the Department of Water Resource (DWR) were 
continually taken in charge to record streamflow data 
from some gauging stations in the Nan Basin on the 
basis of daily data as well shown in Fig. 1. 

In order to better simulate the streamflow 
hydrographs from the ungauged basin, the IFAS 
model which was developed by the Centre for Water 
Management and Disaster Risk International 
(ICHARM) of the Public Research Institute (PWRI) 
from Japan [3] was applied. The general concept of 
IFAS was explained as grid-based physical model 
from rainfall, surface flow, subsurface-groundwater 
flow, and flow in the river courses shown in Fig. 3 to 
Fig. 5, respectively.
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Fig. 2: Enlarger map of the Pua watershed showing altitudes, stream layouts, major weirs at the upstream of the 
central plain, the outlet, and sub-districts boundary. 

 

 
Fig. 3: The flow chart using IFAS rainfall-runoff model [3] 

 
Fig. 4: The schematic layout of the streamflow produced from rainfall, surface runoff, sub-surface flow, and 

groundwater flow using IFAS model in cases of 2 tanks, with surface-aquifer, and 3 tanks with surface-
subsurface-aquifer, respectively [3] 
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Fig. 5: The system of tank model of flow at ground surface [3] 

 
Results And Discussion  

 
The results of schematic models using IFAS for simulating streamflow hydrographs in the Puawatershed 

were shown Fig. 6 and Fig. 7, respectively. The result of the daily discharge hydrograph from the IFAS 
wascompared to the observed data during flood periodin 2006 and also compared to the HEC-HMS’s model [4] 
as shown in Fig. 8. The result of its hydrography was compared and fitted to the observed data. The correlation 
in the linear regression (R2), the root mean square error (RMSE) and the mean average error (MAE) of the result 
by IFAS model and compared to the observed data were 0.6, 53.9, and -5.2, while flood peak discharge data was 
460 cubic meters per second, respectively. The model also was appliedtosimulate hourly hydrograph during the 
wet season of 2011 using automatic data loggerrecorder at the Pua weir [1].It found that the result was fit to the 
observed data as well shown in Fig. 9.  

 

 
 

Fig. 6: Pua basin based on IFAS model as example shown the menu of the project information manager 
including the river systems and drainage courses, elevation data with color shades, cell types, and etc. 
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Fig. 7: Schematic model of the IFAS in the Puawatershed in the parameter manager menu and overlay with sub

basins and stream networks. 
 

 
Fig. 8: The result of IFAS daily streamflow hydrograph was fitted to the observed data at Pua weirin during 

flood period 2006as the model calibration.
 

Fig. 9: The result of IFAS hourly streamflow hydrograph was also fitted to the observed data at Pua weir during 
flood period in 2011as the model verification.

 
Conclusion: 

The result of rainfall-runoff from IFAS model 
indicated that its result incorporated with the 
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Schematic model of the IFAS in the Puawatershed in the parameter manager menu and overlay with sub
 

The result of IFAS daily streamflow hydrograph was fitted to the observed data at Pua weirin during 
6as the model calibration. It was corporate with the result using HEC

The result of IFAS hourly streamflow hydrograph was also fitted to the observed data at Pua weir during 
flood period in 2011as the model verification. 

runoff from IFAS model 
incorporated with the 

observed data as well as a small waters
simulation result based on either an hourly or a daily 
basis were almost similar patterns in accordance with 

), Special, Pages: 1-6

 

 

 

Schematic model of the IFAS in the Puawatershed in the parameter manager menu and overlay with sub-

 

The result of IFAS daily streamflow hydrograph was fitted to the observed data at Pua weirin during 
It was corporate with the result using HEC-HMS as well.  

 
The result of IFAS hourly streamflow hydrograph was also fitted to the observed data at Pua weir during 

observed data as well as a small watershed area. The 
based on either an hourly or a daily 

basis were almost similar patterns in accordance with 
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observed data and could be further applied to any the 
hydraulic model such the HEC-RASas for unsteady 
flow analysis as for flood extent, flood delineation 
and flood mappings. Its results could be applied as 
for further better efficient on flood management for 
each local sub-district administrative organizations 
and sub-district municipalities as well. 
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