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ABSTRACT 
 

The great flood of Chao Phraya, Thailand in 2011 exemplified the difficulty in flood 
risk management under the changing climate. The middle reach of Chao Phraya 
around Nakhon Sawan is a flood plain where three tributaries, Nan, Ping and Yom 
join together. The area regularly inundates and it also acts as regulatory area to 
alleviate inundation damage in the downstream. The area is used for agriculture and 
the cropping pattern needs to be managed to avoid inundation damage. 
 
We combined a simple grid-based inundation model, high-resolution DEM and time-
series satellite image analysis to visualize flood risk for crop failure with the concept 
of adaptive flood risk management. Flood risk comprises probability, exposure 
determinants (nature of flood) and vulnerability. Some 95 floods were randomly 
simulated in different locations along three tributaries. Inundation occurs from lower 
altitude and propagates to neighboring grids when inundation reaches their altitudes. 
Such simple modeling is justified in the very flat topography and the accuracy of 
inundated area largely depends on the precision of elevation. For this reason we used 
LIDAR observation data over Chao Phraya with a horizontal resolution of 2m and a 
vertical resolution of 0.1 m. The probability was represented as the chance of the 
area being inundated as consequences of 95 floods. The exposure determinant was 
represented as the maximum depth of inundation. The vulnerability was represented 
as the frequency of crops being cultivated during the flood season. We used 8-day-
interval time series Enhanced Vegetation Index (EVI) and Land Surface Water Index 
(LSWI) derived from MODIS satellite data to detect cultivation of rice and non-rice 
crops for 15 years between 2000 and 2014. 
 
The probability was very high in the confluence zone with relatively low elevation. 
Maximum inundation depths were high not only in the confluence zone but also in 
areas protected by dikes, west to the confluence zone. Rice was cultivated regularly 
in all areas during the monsoon season except for the confluence zone. Total risk 
was calculated as a multiplication of the probability, the exposure determinant and the 
vulnerability. Field crops cultivated in the dike-protected area exhibited higher risk.  
 
Cropping pattern can be re-monitored every year to update the vulnerability 
assessment. Monitoring and controlling cropping patterns will make a new path for 
adaptive flood risk management in this area. 
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1. INTRODUCTION 
 
There are many megadeltas in the world where inundations occur each year during 
the wet season. They have growing demographics and show rapid economic growth 
because of fertile soils and easier market access with water ways and sea ports. As a 
result the need to prevent flood in the densely populated cities and industrial zones 
increases.   
 
There are two conventional approaches to prevent flood damage. One is a 
technological approach which aims to control the occurrence of floods by engineering 
solutions (flood defense). The other is the planning approach which conceptualizes 
flood risk as a union of flood hazard and social vulnerability. Adaptation is to decrease 
vulnerability by measures such as land use control and migration of population out of 
the hazard (Klijn et al, 2015).  
 
The great flood of Chao Phraya, Thailand in 2011 exemplified the difficulty of flood 
risk management under the changing climate. Together with the uncertainty of the 
scale of extreme weather events, there is increasing uncertainty in predicting where 
dikes might break. Rather than preventing the risk, "living with the risk" (Wilby and 
Keenan, 2012) seems less costly and effective in adapting to the risk in future. In this 
context, detention of water in the middle reach to protect Bangkok and other industrial 
zones downstream needs serious consideration for adaptations. If flood is to be 
proactively controlled by detention, cropping pattern should be controlled to avoid loss 
by submergence. Before implementing such measures, the actual cropping pattern in 
association with the risk of flood needs to be visualized. 
 
Klijn et al.(2015) defined adaptive flood risk management with the introduction of a 
new term "exposure determinants" which defines the degree of severity of the flood. 
Determinants typically comprise maximum depth of inundation, time of arrival and 
flow velocity. Visualizing these determinants will result in more precise adaptations 
and minimizing the risk. Figure 1 shows the difference between the conventional 
definition of flood risk and the new concept. 

 
In this study we combined a simple inundation model, high-resolution DEM and time-
series satellite image analysis to visualize probability, exposure and vulnerability 
independently and to evaluate total risk. 
 

  

Probability Consequences× = Risk

Hazard Vulnerability∩ = Risk

Probability Exposure Vulnerability Risk++ =

Engineering approach

Planning approach

New adaptive approach

Figure 1. Two conventional concepts of flood risk and a new adaptive concept 
proposed by Klijn et al. (2015) 
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2. MATERIALS AND METHODS 
 
2.1  Study area 
 
The northern part of Nakhon Sawan Province in Thailand (N15.7-16.0°, E100.1-
100.4°, Figure 2) was chosen as a case study area. This area is situated in the 
middle reach of Chao Phraya where three tributaries, Nan, Ping and Yom join 
together. It is a flood plain characterized by very flat topography with gradient of 
0.01%. The area is inundated each year during the monsoon period typically from late 
June to early October. The main land use is agricultural, cropped twice or three times 
a year in areas with irrigation facility. Main crops grown during monsoon period are 
rice and maize. The area belongs to the command area of Regional Office 3 of Royal 
Irrigation Department. 
 
2.2  Simple flood routing model  
 
In a very flat plain like Chao Phraya Delta, once the dike breaks the flood runs 
downstream outside river routes. In 2011 dikes broke at 8 different locations in the 
upstream of Chao Phraya Dam and finally affected Bangkok, more than 150 km 
downstream. To simulate such movement, a simple flood routing model (hereafter 
referred to as SFRM) was developed. The model is grid-based and it routes the 
inundation area in relation to elevation with the course of time (surface roughness is 
not considered). The flow rate at the point of dike break is assumed constant and 
evaporation and infiltration are both assumed zero. The model calculates exposure 
determinants such as i) the inundated area after a defined time, ii) maximum depth of 
inundation in the worst case and iii) time of flood arrival. Some 95 floods were 

randomly simulated from different locations along three tributaries (with the interval of 
5 km) as shown in Figure 4. For each flood, flow rate was set constant to 1000 m3 s-1 
and the total flood volume to 50 million m3. These values are not based on historical 
records but rather arbitrarily set for fully inundating the area. The objective of this 

Figure 2.  Stydy area,Province of Nakhon Sawan,  Thailand 

Study area 

Village border 
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modeling is not to predict the flood route but to show relative risk of the area being 
affected by hitherto unexperienced large flood events. 
 
2.3  High precision DEM 

 
The precision of the above simulation largely depends of the quality of the digital 
elevation model used. For this study we used LIDAR (Laser Imaging Detection and 
Ranging) data over Chao Phraya obtained by an aerial survey with a horizontal 
resolution of 2 m and a vertical resolution of 0.1 m. The survey was conducted in 
2012 with the support of Japan International Cooperation Agency (JICA, 2012) and 
the data were handed to the Thai government. Figure 3shows the topographic 
representation by the LIDAR data and the latest AW3D30 with a horizontal resolution 
of 30 m (JAXA, 2016). Lidar data precisely detect elevated dikes along the river while 
AW3D30is less precise and contains a lot of noise. To save calculation time 
resampling was made with the spatial resolution of 30 m by 30 m.  

2.4 MODIS data 
 
For detecting cropping pattern in the study area, four sets of Terra/Aqua MODIS 
collection 5 BRDF-corrected-surface-reflectance 8-day composite data (MOD09Q1, 
MYD09Q1, MOD09A1 and MYD09A1) (Vermote et al., 2011) were acquired from 
Land Processes Distributed Active Archive Center, USGS (LP DAAC). To produce a 
250-m resolution map, we resampled 500-m MOD09A1 and MYD09A1 data to 250-m 
resolution by applying the ratio of the red band (band 1) in MOD09Q1 and MYD09Q1 
to that of MOD09A1 and MYD09A1. Enhanced Vegetation Index (EVI, Equation (1)) 
and Land Surface Water Index (LSWI, Equation (2)) were then calculated  

0.15.76
5.2
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redNIREVI



                              (1)                  

(1) )/()( SWIRNIRSWIRNIRLSWI                                      (2) 

Where x is the reflectance of spectral band x, NIR: near infrared, SWIR: shortwave 
infrared. To produce noise-free and smooth time-series, we applied the following 
procedure to EVI and LSWI time-series; 
 

1. Eliminate cloud and sensor noise pixels by referring to the image quality 
information.  

Figure 3.  Comparison oftopographic representation of the same location 
byLidardata (JICA, 2012, left )  and AW3D30 (JAXA, 2016, right)  
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2. Reconstruct daily time-series data by referring to the actual date of observation 
for each pixel.  

3. Synthesize daily time-series of Terra and Aqua (The Aqua data is available 
after the year 2002). 

4. Interpolate eliminated pixel value on time-series axis by linear interpolation 
method. 

5. Apply the Savitzky–Golay (SG) filter (Savitzky and Golay, 1964; Chen et al., 
2004; Gu et al., 2009) to time-series data to produce smoothed time-series 
data. 

 
Rice and non-rice cultivation during the monsoon period was detected by applying the 
following two conditions to EVI. 
  

 Peak EVI  appears less than 80 days after the monsoon 
 season (between May 01 and 31 October)                                 (3) 
 
Peak EVI > 0.35                                                                           (4) 

 
Rice and non-rice distinction was made with the following equation. 
 

EVI < LSWI+0.2024-120 days before the peak EVI                     (5) 
 
Equation (4) and (5) are modification of the rice detection method by Xiao et al. 
(2006). Equation (5) detects the early stage of rice cultivation when EVI of 
transplanted rice generally becomes close to or smaller than LSWI in inundated fields. 
This methodology was also applied to the paddy detection in the Chao Phraya basin 
by Kotera et al., (2016). The threshold value (0.20) in equation (5) was chosen with 
trial and error to raise distinction accuracy, using PALSAR data as validation data.  
 
2.5 Calculation of risk factors and the total risk 
 
Probability was calculated as the number of a certain DEM grid (30 x 30 m) being 
inundated out of 95 simulation runs (Equation 6). With this method, the area which 
has higher risk of being inundated regardless of uncertainty of where floods may 
occur can be highlighted. Therefore low-lying areas in the confluent zone tend to have 
higher probability and upstream area with larger gradient tends to have lower 
probability.   
 
Exposure in this study was defined as the crop damage caused by maximum depth (d 
(m)) of inundation which occurs at a certain grid as the worst case of the 95 
simulation runs because the inundation depth has a large influence on the failure of 
the crop. Because of different degree of damage depending on the maximum depth, 
Equation (7) was used to give the damage curve.  
 
Vulnerability was calculated as the number of rice or non-rice crops grown during the 
monsoon in 15 years from 2000 to 2014 (Equation 8). This period was also divided 
into 2000-2011 and 2012-2014 to see the change in cropping behavior after 2011.  
 
Ultimately the total risk was calculated as the multiplication of probability, maximum 
depth and vulnerability (Equation 9). 
 

Probability =  
𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑖𝑛𝑢𝑛𝑑𝑎𝑡𝑖𝑜𝑛

95 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠
                                                       (6) 

 
 Exposure determinant = min(𝑑, 0.24d +  0.4,   0.07d +  0.75, 1)      (7) 
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𝑉𝑢𝑙𝑛𝑒𝑟𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝑛𝑢𝑚𝑏𝑒𝑟𝑜𝑓𝑐𝑟𝑜𝑝𝑝𝑖𝑛𝑔

15 𝑦𝑒𝑎𝑟𝑠
                                                      (8) 

 
Total risk = probability × exposure determinant × vulnerability      (9) 

 

3. RESULTS AND DISCUSSION 
 
3.1  Probability 
 
Figure 4 shows the probability of the occurrence of inundation. Areas shown in red 
are low in altitude and they inundate more than 60 times out of 95 floods from 
different points. Therefore it is considered as high-risk area where cultivation during 
the monsoon period should be avoided. Areas shown in green inundate very rarely, 
only when a flood happened in the vicinity. The area can be considered relatively safe. 
 

 
3.2  Maximum inundation depth 
 
Figure 5 shows the maximum depth of inundation in the worst case of 95 simulation 
runs. The figure looks quite different from Figure 4because areas in the southwestern 
corner of the figure are colored more in red. This area is surrounded by natural and 
manmade dikes and probability of inundation is low. However if the flood occurs in 
that area, it will be deeply inundated.  
 
3.3 Vulnerability 
 
Figure 6 and 7 show frequency of non-rice and rice cropping between 2000 and 2014. 
Non-rice crops were basically not cultivated in the area of high inundation probability. 
They were cultivated in dike-protected areas or in upstream areas with low probability 
of inundation. For rice, cultivation was found both in low-lying area near rivers and 
also in the surrounding highareas. Most areas were cultivated very frequently.  
 
  

Figure 4. Mapped probability of inundation (number of inundation out of 95 flood 
simulations by SISM). 
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3.4 Total risk 
 
Figure 8 and 9 show calculated total risk of crop submergence for rice and non-rice 
crops. Risks for non-rice crops were low in general. Non-rice crops were mainly 
cultivated in upstream non-flooding region, micro high topography in the flood plain or 
in the dike-protected area. This shows that farmers have successfully avoided risk of 
non-rice crops being submerged. For rice risk areas were much broader because the 
flood plain was frequently rice-cultivated except for the low-lying confluence zone.   
 

Figure 6.  Number of non-rice cropping during rainy season between 
2000 and 2014 

Figure 5.   Maximum depth of inundation in the worst case of 95 simulation runs 
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Figure 9. Frequency of non-rice cropping during rainy season 
between 2000 and 2014 

Figure 8.  Calclated total risk for submergence of rice  
 

rice 

Figure 7.  Calclated total risk for submergence of non-rice crops 
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4. CONCLUSIONS 
 
A simple DEM based flood routing approach together with use of remote sensing 
techniques proved effective in visualizing submergence risk of crops in the flood plain. 
Compared to precise hydrological approaches which use historical weather data or 
climate changes projection, this approach can quickly assess potential hazards. It is 
capable of showing the probability, the exposure determinants and the vulnerability 
independently following the concept of adaptive flood risk management.  
 
The study revealed that farmers in this area adapt well to the inundation risk. Non-rice 
crops which are vulnerable to submergence were only grown in relatively safe areas. 
Rice on the other hand were cultivated more in risk areas.  
 
Cropping pattern can be monitored every year to update the vulnerability assessment. 
Monitoring and control of cropping patterns will make a new path for adaptive flood 
risk management in this area. 
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