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ABSTRACT:   

Spatial characteristics of floods are dependent on the flood producing process in 
which is under the influence of rainfall variability, geomorphology and human action. 
Floods in the Mekong, Northeast Thailand, are annual events which occur during the 
second peak of rainy season with recurrence pattern over the same areas. With the cloud 
penetrability of RADARSAT data, the chronosequence of flood extents can be performed. 
This exploration aims to establish spatial characteristics of flood in relation to rainfall 
patterns, watershed characteristics and the river hydrology. The study area, sub-watershed 
of the Mekong river, covers an area of about 46,694.49 km2 and has 28 sub-watersheds 
ranging in size from 440.78 km2 to 3,469.86 km2. The RADARSAT data acquired during 
the flood events for the years 2001, 2002, 2003, 2004 and 2007 were used to create the 
flood extents. The recurrence of flood areas was analyzed, based on the 5 years flood 
extents. We determined the inundation patterns as related to the parameters involved in 
which are rainfall, hydrology and land characteristics. The results provided the pattern of 
the flood recurrence and producing process as related to the spatial characteristics. The 
information obtained is restored in GIS database and can be used for advance prevention of 
the areas affected. 
 
1.  Introduction 

Mekong watershed in Northeast Thailand is annually subjected to river flood, resulting 
from heavy and excessively prolonged rainfall in combination with drainage networks and 
spatial characteristics of sub-basins. The substantial flooding usually occur during the 
second peak of rainy season (September/October), intensified by the depression and tropical 
cyclones. The flood occurs mostly on flood plains and low-lying paddy areas as a result of 
flow exceeding the capacity of stream channels and over spilling the natural levee. An 
additional flash flooding may occur in the mountain areas where the lands are saturated 
with water under excessively prolonged rainfall. The understanding of flood event as 
related to rainfall pattern, watershed characteristics, drainage network represents insights 
into the main causes and its integration of natural processes. Although most floods are more 
of less natural phenomena the flood hazard is largely of human origin. 

With the digital elevation model available it is impossible to identify the flood risk area 
due to the network of elevated roads, industrial embankment which act as water control 
structures. Many studies indicated that the flood prediction from purely from SAR data is 
possible particularly in the tropical regions with the presence of clouds during rainy season. 
(Sakamoto, T. et al 2007, Bonn, F. et al 2005, Halounova et al 1998, Sandholt I et al 2003). 
A new geomatics-base provides the basis for a viable alternative to conventional 
hydrologic-based flood prediction approach. This  approach combines the statistical 
modeling capabilities of Markov analysis and logistic regression within a GIS environment, 
utilizing inputs from RADARSAT imagery (Chubey, M.S et al 2004). The SAR data has 
been used successfully to monitor the seasonally flooded areas where information 



previously unavailable from ground-based observations. In addition, with the time series of 
SAR data, spatial and temporal changes in wetland hydrology can be remotely detected, 
monitored and mapped (Bourgeau-Chavez, L. et al 2004). The multi-temporal ERS data 
were successfully used to monitor the flooded areas and to assess the flood damages in 
1996 over the Mekong delta, Vietnam (Long, N.T. et al 2001). The use of time series of 
JERS between 1993 and 1997 have been reported to map the temporal dynamics and 
spatial distribution over a large Amazonian flood plain (Martinez, J.M. et al 2007). This 
study provides techniques and insights into a combination of flood dynamics and vegetation 
succession processes.  

With the cloud penetrability of RADARSAT the periods of rainy season, this study thus 
aims to explore relationships among flood extent areas acquired by multi-temporal 
RADARSAT data, spatial characteristics of sub basins river hydrology and rainfall patterns. 
 
2.   Study Area 
 The study area is situated at the lower of the Mekong basin 
in Northeast Thailand. The study area itself, excluding the Chi 
and Mun basins, covers about 46,694.99 km2 of the portion of 
the Northeast Thailand on the right bank of the Mekong river 
(Fig. 1) This area comprises 
28 sub basins and is 
predominantly rural and 
agricultural, paddy rice and 
rubber plantation. The sub 
basins are mostly drained to 
the Mekong. Due to the level 
topography, rivers and 
streams behave unpredictably 
in the event that their banks 
overspill. This coupled with 
the road network and embankments which obstructs the flow, makes it impossible to rely 
on topographic map data for identifying the areas at risk of flood. 
 
3.   Methodology 
 The study is based on the flood events acquired by RADARSAT data in 2001, 2002, 
2003, 2004 and 2007. Analysis of the RADARSAT data, spatial characteristics of sub basin 
and some hydrological data. 
 

1) Data sources 
- Multi-temporal RADARSAT data (C band) acquired in 2001, 2002, 2003, 2004 

and 2007 as shown in Table 1. 
 
Table 1 Scenes of RADARSAT data used in the study 

2001 2002 2003 2004 2007 
27/ 07/ 01  08/ 09/ 02 03/ 08/ 03 11/ 08/ 04 23/ 09/ 07 
03/ 08/ 01 09/ 09/ 02 03/ 09/ 03 19/ 08/ 04 07/ 10/ 07 
10/ 08/ 01 18/ 09/ 02 10/ 09/ 03 21/ 08/ 04 10/ 10/ 07 
13/ 08/ 01 03/ 10/ 02 13/ 09/ 03 12/ 09/ 04 17/ 10/ 07 
14/ 09/ 01 12/ 10/ 02 20/ 09/ 03 19/ 09/04 18/ 10/ 07 
20/ 09/ 01  27/ 09/03  22/ 10/ 07 

  04/ 10/ 03  24/ 10/ 07 

 
 
 

Study area 

Mekong watershed 

Fig. 1 Study area 



Table 1 Scenes of RADARSAT data used in the study (continue) 
2001 2002 2003 2004 2007 

 
 
 
 
 
 
 

    

 
- Discharge water collected by Royal Irrigation Department at a number of 

hydrological stations, Rainfall data recorded by Meteorological Department for the years 
2001, 2002, 2003 and 2004 at the stations in the sub basins were used in this study. 

- Topographic maps of the Royal Thai Survey Department at 1: 50,000 scale which 
were used for geo-referencing, Digital Elevation Model (DEM) generation, watershed 
delineation and other ground information. Multi-temporal LANDSAT TM data acquired in 
2002 used for establishing and correcting stream and drainage patterns. 

 
2) Analysis of RADARDAT data 

The geometric correction of the images 2001 was digitally, performed by 
registering the images to the topographic map and applying the Nearest Neighbor 
resampling method. The images of 2002, 2003, 2004 and 2007 were digitally co-registered 
to those of 2001 by referencing the image to image. The individual image scenes were then 
mosaiced to cover the entire study area. An on-screen digitization process was used to draw 
inundation boundaries for all sets of imagery were established, combining the attribute data 
with spatial data optimized for display and access. For this study the recurrence areas of 
floods were digitally performed by an overlay operation of the 5 years flood boundaries the 
identification of the recurrence of 5, 4, 3 and 2 years inundation was calculated to derive the 
frequency of recurrence area within the sub basins. To find the percent of the recurrence 
area on the sub basins, each year of the recurrence flood was based on the repeated extent 
and compared to the total sub basin areas. 

 
3) Cumulative rainfall 

The 30 days records of rainfall prior to imaging radar were used to calculate 
the cumulative rainfalls of which are 5, 10, 15, 25 and 30 days. This provided cumulative 
water head contributing to the flood events within the sub basins Establishment of 
inundation area and the cumulative rainfall was made to understand their relationships 
which in turn were depending on a number of factors concerned. 

 
4) Time of concentration (Tc) 

An equation developed to be used for the sub-basins in the Mekong to 
estimate Tc is  
 

Tc = L1.15 /7700H0.38   
 
With GIS functionality, we are able to calculate the Tc for the 28 sub basins. 

Deep flows will produce higher velocities and shorter time of concentration. 
 

5) Drainage density (Dd) and Stream density (Ds) 
 Drainage density is total length of drainage channels per area of sub basin. 

Stream density represents the 1st order of stream per unit area and contributes surface flow 
to the drainage conduit. 

Description 
Tc  = Time of concentration 
L    = Length of travel (ft) 
H   = Slope (ft/ft)



 The length of drainage and stream channels can be acquired by topographic 
map (1: 50,000) and LANDSAT imagery. The Dd and Ds are then calculated using GIS. 
When compared to the inundation areas implication of the flood events can be made. 
Spatial characteristics of flood are then analyzed based on a combination and relationships 
of hydrologic information rainfall and land characteristics, The results to be obtained 
provide some implications on the prediction of flood events and this can be transferable to 
the other areas.  

 
4.  Results and discussion 
 

4.1 Extent of annual flooding 
Inundation maps and their associated areas for the entire study area in the year 2001, 

2002, 2003, 2004 and 2007, based on RADARSAT data are shown in Fig 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Of the 28 sub basins, the 5 sub basins with the frequent recurrence areas and 
severity of floods include Upper part of Songkhram (0224), lower part of Songkhram 
(0225), Huai Nam Yam (0228), Huai Nam Un (0229) and Huai Luang (0221).The 
magnitude of floods for each sub basin varied remarkedly during the 5 year period, with 
largest areas of flood, in 2004 for 3 sub basins (0225, 0228 and 0229) in 2003 for the upper 
part of Songkhram and in 2001 for the Huai Luang. The large flood areas for the sub basins 
range in size, on average of 5 years from 8.52% to 21.95% of the total sub basin areas 
(Table 2) 

The flood extents near tributary confluence (Songkhram and the Mekong river) 
accounts for large and recurrence areas of flood for 5 year studied. The flood water stored 
during the peaks of accumulative rain is discharged into downstream areas and overspills 
the bank, overflowing into the vast extent of low land and flood plain. The number of the 
recurrence year of flood for the sub basins as identified by RADARSAT data ranges in time 
from 2 to 5 years, depending on a number of factors involved. With information available 
for this analysis. These factors include the cumulative amount of rainfall within the sub 
basins, spatial characteristics and hydrology of the areas, causing the floods. 

 
At the date of imaging radar to which the flood extent was acquired the cumulative 

rainfalls summed over the preceding 5, 10, 15, 20, 25 and 30 days were provided. The 
mean cumulative rainfall of 30 days preceding imaging for 4 year exceeding 200 mm is 
likely to bring about the floods (Fig 3). The cumulative rainfall tends to have a significant 
role in the flood events rather than the individual rainstorm. In the study area, the amount of 
rainfall reaching the 200 mm varies from 15 days to 30 days, providing the recurrence area 
of floods in the low land floodplain. The recurrence areas of flood are evident and 

Fig. 2 The inundation maps in the year 2001,2002, 2003, 2004 and 2007 



predictable. In addition, the prolonged period of rainfall as a result of the tropical cyclone or 
depression usually 2-5 storms that occur periodically enhance the severity of floods. 
 
Table 2 The flood extent with large and recurrence areas for the most affected sub 
basins in the Mekong 

Sub basin Inundation area by year (Sqkm / percent) Average 

2001 2002 2003 2004 2007 
Upper part of Songkhram river 151.66 193.79 108.62 182.40 57.38 138.77 
 (8.38%) (10.35%) (11.84%) (10.77%) (5.68%) (9.41%) 

Lower part of Songkhram river 384.50 271.38 235.18 447.71 221.71 312.10 
 (21.24%) (14.50%) (25.64%) (26.44%) (21.96%) (21.95%) 

Huai Nam Yam 140.57 182.61 48.71 190.66 85.97 129.70 
 (7.77%) (9.75%) (5.31%) (11.26%) (8.51%) (8.52%) 

Huai Nam Un 171.38 188.21 62.00 233.90 125.77 156.25 
 (9.47%) (10.05%) (6.76%) (13.81%) (12.46%) (10.51%) 

Huai luang 283.63 284.22 108.13 127.72 111.05 182.95 
 (15.67%) (15.18%) (11.79%) (7.54%) (11.00%) (12.24%) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.2 Spatial characteristics of sub basin 
 Floods at any location in a river system are caused by the floods generated in the 

catchments upstream. The drainage and stream density (Dd and Ds) plays a significant role 
in downstream flood, particularly the downstream flood of the 5 sub basins as identified by 
RADARSAT data. The Dd and Ds for the sub basins in the study area indicated that the 5 
sub basins are relatively low (Fig 4 and Table 3) and coincide with the frequent recurrence 
areas of flood as identified by RADARSAT data of 5 year records. 
  It is worth noting that the prolonged duration of floods is also a result of the shape of 
the sub basin. The elongated type in combination with low Dd and Ds contribute the 
recurrence area of flood in additions the tributary confluence can enhance the flood event, 
prolonging the duration of floods. 
 
 
 

Fig. 3 Cumulative rainfall prior to the date of imaging radar for 5 sub basins in the years 2001, 2002, 
2003 and 2004 

2001 2002 

2003 2004 



 
 
 
 
 
 
 
 
 
 
 
 
Table 3 The Dd and Ds value for 5 sub basins 

Sub basin Basin code Dd Order of Dd Ds Order of Ds
Upper part of Songkhram river  0224 0.65 8 0.365 7 
Lower part of Songkhram river  0225 0.57 11 0.297 12 
Huai Nam Yam  0228 0.6 9 0.339 10 
Huai Nam Un  0229 0.57 12 0.278 15 
Huai Luang  0221 0.46 22 0.222 20 

 
4.3 Time of Concentration (Tc) 

 The Tc values of the sub basins in the Mekong range form less than 1 day to 7 
days, 22 of which are 1-2 days (Fig 5). The three highest Tc values of the sub basins 
include the sixth part of the Mekong (0219), the upper Songkhram and the lower 
Songkhram those are tributary confluences. However, this relationship is not consistent at 
all confluences throughout the study area. It may be a combination of Tc value, amount of 
rainfall, sub basin shape and tributary confluence. Floods in stream valleys occur mostly on 
flood plains and low lands as a result of flow exceeding the capacity of the stream channels 
and overspilling the natural levees. There is a growing problem in the sub basins where 
there are severe deforestation in the upstream. This will enhance the flood extents and 
severity with prolonged duration of floods in the downstream. 
 
 
 
 
 
 
 
 
 
 
 
 

 
4.4 Discharge and return period 

  The result indicated the flood severity from predictable discharge water for each 
return period when compared the return period of discharge water for each station to 
discharge water at day of imaging radar in the years 2001, 2002, 2003 and 2004. (Table 4). 
The estimated return periods of peak discharge are normally 1-2 years for most of the sub 
basins during the flood periods for the year 2001, 2002, 2003 and 2004. The upper 
Songkhram sub basin with most severe flood resulted the return period of 2-7 years. Some 
selected stations are provided in Fig.6. 
 

Fig.4 The Dd and Ds ratio for the sub basins 

Fig. 5 The Tc values of the sub basins in  
the Mekong 


