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ABSTRACT 
The cumulative flooding frequencies and the cumulative floods’ consequences on lives and properties/ 
public utilities, observed over the 16-year period (2001–2016) in the Chao Phraya River Basin (CPRB) 
of Thailand, were used to preliminarily assess flood risks for the river basin. The estimated index  
(0–1) of flood risks was categorized into four classes, including low ( 0.12), moderate (0.13–0.32), 
high (0.33–0.62), and very high (0.63–1.00), and was mapped across the river basin using the ArcGIS 
program. Of the 151 districts located in the CPRB, four, three, and 10 districts showed very high, high, 
and moderate risks of flooding, respectively, whereas, the remaining 134 districts showed a low flood 
risk. Land use activities and man-made disturbances could influence the severity of the flood risk in the 
river basin. The findings are useful for the decision making by local administrations to prepare proper 
measures for flood risk management on a river basin scale. 
Keywords:  Chao Phraya River, floodplain, land use, natural disaster, risk assessment, Thailand. 

1  INTRODUCTION 
Flood risk assessment is one of essential tools for managing floods. It can be simply 
quantified in terms of the likelihood of flooding in an area of interest and the flood’s 
consequences in that area [1]–[3]. Flood risks may be assessed at different scales depending 
on the characteristics of data availability, areas of interest, and the purposes of flood risk 
management on the associated scales (e.g., [4]–[7]). Recently, flooding has been one of the 
severest natural disasters in Asian countries, particularly the 2011 flood in China and 
Thailand that considerably affected lives and properties in these countries [8], [9]. 
     Focusing on Thailand, 79 major flood events were recorded over the 53-year period from 
1966 to 2018 [10]. Of these, 21 major floods (about 26.6% of the total) occurred in central 
Thailand including the country’s severest flood in 50 years that occurred in 2011 [9], [11]. 
The 2011 flood inundated about 110,554 km2, 21.5% of the total area of Thailand [12]; and 
most of the area was in the Chao Phraya River Basin (CPRB). This flood affected  
13.57 million people [13], caused 813 casualties [10], and inflicted property damage 
amounting to about 46.5 billion USD [13]. 
     The CPRB shows spatial heterogeneity in relation to human activities spanning 
agricultural through commercial to industrial sectors that influence the likelihood and 
consequences of the flooding [11], [14]. Other than the agricultural (paddy fields, 
aquaculture, livestock and poultry farming, etc.) and residential sectors, the industrial sector 
was considerably affected by the 2011 flood, particularly the seven industrial estates (IEs) 
located in the river basin, i.e., alphabetically, Bangkadi, Bang Pa-in, Factory Land, Hi-tech, 
Nava Nakorn, Rojana, and Saha Rattana Nakorn. A total of 804 companies were located in 
these inundated IEs [15]. 
     Although the CPRB has often faced annual floods [16], the areas at risk of flooding in the 
river basin were rarely assessed [17]–[19]. Therefore, flood-related studies should be 
conducted, particularly flood risk assessment and mapping. According to the historic flood 
data available, not all districts located in the river basin experienced flooding or they 
experienced different risks. Consequently, an assessment of the flood risks by district is 
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mandatory across the CPRB. The observed flood-related data at district level were available 
for the period from 2001 to 2016; and these could be used for the preliminarily assessment 
of flood risks across the entire basin. 
     The objective of this study was thus to apply the likelihood in terms of flooding frequency 
and the floods’ consequences in the CPRB to spatially assess and map flood risks across the 
river basin. The results will be useful to assist local administrations to prepare specific 
measures for effectively managing flood risks in relation to their severity across the river 
basin. 

2  STUDY AREA 
The CPRB is situated between 13°28'N, 99°33'E and 16°6'N, 101°5'E and covers a  
21,604 km2 area, around 4.2% of the 25 river basin areas (511,657 km2) of Thailand. There 
are 151 districts in 19 provinces located in this river basin. The river basin’s major river is 
the Chao Phraya River (CPR) with a length of 379 km, starting from the mouth of the Pak 
Nam Pho in Nakhon Sawan Province. The river flows in a north–south direction through  
the river basin to the Gulf of Thailand (Fig. 1). The monthly mean discharge of water  
into the CPR (Royal Irrigation Department, unpublished data) was used to classify the 
seasons in the river basins into the wet season (May–November) with a mean discharge  
of 12–500 million m3/month and the dry season (December–April) with a discharge of  
0.6–11 million m3/month. 

3  METHODOLOGY 
The likelihood and consequences of flooding and a weighting average technique were used 
to assess the flood risks [1]–[3] by district across the CPRB. The flood risk index for each of 
the 151 districts was estimated according to the availability of the flood-relevant data over 
the 16 year-period (2001–2016). These data were obtained from the Department of Disaster 
Prevention and Mitigation (DDPM), the main Thai government agency that has the 
responsibility of managing all kinds of disasters in Thailand. The existing flood-relevant data 
in the CPRB were available upon request only from 2001 to 2005; whereas the latest data 
from 2006 to 2016 can be accessed online [20]. 
     The retrieved data over the 16-year period were compiled in terms of the cumulative 
flooding frequencies (fflood) and the cumulative consequences on lives (Lcons) and the 
properties/public utilities (Pcons) for each district. The DDPM categorized the Lcons into four 
groups including dead/disappearance (L1), injured (L2), evacuated (L3), and affected (L4: not 
dead/injured/evacuated, but were suffering from other flood-related consequences). The 
DDPM appraised the Pcons for each flood event in a flooded area as a monetary unit for the 
loss/damage of properties/public utilities (e.g., residential and agricultural areas, livestock 
and poultry farms, streets, bridges, levees/dikes, schools, government buildings, etc.). 
     In this study, the flood risk index (Fri) for each district was assessed as the multiplication 
of the three flood risk variables (i.e., fflood  Lcons  Pcons) divided by the maximum flood risk 
(i.e., Fr,max) in the CPRB, so that the estimated Fri is dimensionless and ranged between 0 and 
1. For instance, the floods occurred 10 times in Lop Buri’s Mueang District over the 16-year 
period (2001–2016). These caused Lcons as follows: 34 deaths, 25,862 people evacuated, and 
353,595 people affected. The Pcons from the 10 flood events appraised by the DDPM was 
23,300,878 US dollars. The Fri for Mueang District of Lop Buri Province were then estimated 
as follows: 

 Fri = (fflood  Lcons  Pcons)  Fr,max, (1) 
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Figure 1:   Location of the Chao Phraya River Basin covering 151 districts in 19 provinces 
and the Chao Phraya River. 
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where 
fflood = 10  16 = 0.63 times per year (times/y); 
Lcons = ∑ wL


ୀଵ ; 

= (1  34) + (0  0.8) + (0.6  25,862) + (0.5  353,595) = 192,349 people; 
where 
Li = the cumulative consequences on lives group i (i, = 1, 2, 3, 4); 
wi = weight of severity (between 0 and 1) assigned to each Li,; 

= 1, 0.8, 0.6, and 0.5 for L1, L2, L3, and L4, respectively; 
Pcons = 23,300,878 US dollars; 
Fr,rmax = (fflood ×  Lcons × Pcons) which belonged to Pathum Thani’s Mueang District; 

= ( 0 . 69 × 106,087 × 39,935,218); 
= 2,923,259,155,657 (times/y  people  US dollar). 

     The Fri for Lop Buri’s Mueang District was derived as follows 

Fri= (0.63  192,349  23,300,878)  2,923,259,155,657 = 0.97. 

     The Fri for the remaining 150 districts in the CPRB was estimated using a similar method. 
Afterwards, the Fri across the river basin was categorized into four classes (i.e., low, 
moderate, high, and very high) using natural breaks in the ArcGIS program. The close values 
of the Fri were categorized together at the same class, i.e.,  0.12 = low, 0.13–0.32 = 
moderate, 0.33–0.62 = high, and 0.63–1.00 = very high. The four classes of flood risk index 
were mapped by district across the river basin using the ArcGIS program. 

4  RESULTS AND DISCUSSION 
Among the 151 districts located in the CPRB, four, three, and 10 districts showed very high, 
high, and moderate risks of flooding, respectively, whereas the remaining 134 districts 
showed a low flood risk (Fig. 2). The four districts with very high flood risk included the 
Mueang District of Lop Buri, the Bang Pa-in District of Phra Nakhon Si Ayutthaya, and the 
Mueang and Khlong Luang districts of Pathum Thani. The fflood, Lcons, and Pcons over the  
16-year period in these districts were in the ranges of 0.5–0.9 times/y, 106,087–192,349 
people, and 19.1–39.9 million US dollars, respectively. The industrial and/or agricultural 
sectors mainly accounted for the Pcons in these districts. The Nava Nakorn and Bangkadi IEs 
are located in the Mueang and Khlong Luang districts of Pathum Thani, respectively, and the 
Bang Pa-in IE is located in the Bang Pa-in District of Phra Nakhon Si Ayutthaya. Livestock 
and poultry farms in Lop Buri’s Mueang District, and both livestock/poultry and fish/shrimp 
farms in Phra Nakhon Si Ayutthaya’s Bang Pa-in District were most affected by flooding 
over the 16-year period under consideration. 
     The other three districts that showed a high flood risk are located in the same provinces 
that the four districts with a very high flood risk were detected. These included the Ban Mi 
District of Lop Buri, the Mueang District of Phra Nakhon Si Ayutthaya, and the Lam Luk Ka 
District of Pathum Thani. The fflood, Lcons, and Pcons detected in these three districts were in 
the ranges of 0.5–1.0 times/y, 33,237–187,210 people, and 6.7–103.1 million US dollars, 
respectively. The fflood for the districts with a high flood risk were close to those with a very 
high flood risk; however, the range of Lcons was lower. Likewise, although the Lam Luk Ka 
District of Pathum Thani had a higher Pcons, at 103.1 million US dollars, than in the four 
districts that had a very high flood risk, its observed fflood (0.5 times/y) and Lcons (33,237 
people) over the 16-year period were lower. The Pcons in the high flood risk districts were 
mainly as a result of flood damage on agricultural areas and livestock, poultry, fish, or shrimp 
farms; except in the Lam Luk Ka District, where it mainly resulted from flood damage in a  
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Figure 2:   Flood risk index for the 151 districts across the Chao Phraya River Basin. Low 
( 0.12), moderate (0.13–0.32), high (0.33–0.62), and very high (0.63–1.00). 
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combination of residential and agricultural areas. Ten districts with a moderate flood risk 
included four districts in Nakhon Sawan and Phra Nakhon Si Ayutthaya, and one district in 
Lop Buri and Kamphaeng Phet; whereas, the remaining 134 districts with a low flood risk 
were scattered across the river basin (Fig. 2). 
     The largest flood devastation in 2011 was observed in the CPRB. The total damage and 
losses were from flooding in eight provinces, of which more than 50% of the area is located 
in the river basin, as shown on Table 1 [13]. Unlike other provinces, Bangkok, the crowded 
capital of Thailand, incurred the largest damages and losses in terms of tourism, water and 
sanitation, and housing sectors (Table 1), whereas, the fflood and Lcons in most of the 50 districts 
of Bangkok were rather low. These contributed to the low flood risk detected across Bangkok. 

Table 1:   Estimated damage and losses in major sectors from the 2011 flood in Thailand in 
the provinces with more than 50% of their area located in the Chao Phraya River 
Basin, except in Samut Prakan Province where the estimated losses are unavailable 
[13].  

Province 
Total damage and losses (million US dollar) by major sectora 

1 2 3 4 5 6 7 8 

Ang Thong 11.6 45.7b 3.0 22.5 0.3 1.8 5.1 76,475,940.4 

Bangkok 28.8 1,959.2 2,291.3 76.6 75.0 69.7 29.9 1,017,111,838.5 

Lop Buri 32.2 1,240.9b 22.5 59.4 0.2 2.9 2.9 44,700,371.0 

Nakhon Sawan 18.6 903.8 22.0 92.4 0.6 7.2 7.7 73,162,641.6 

Nonthaburi 13.2 1,033.2b 18.2 36.1 2.5 5.0 23.0 290,094,340.9 

Pathum Thani 60.7 2,859.9 11.7 59.0 10.4 4.3 24.9 370,763,623.7 

Phra Nakhon 
Si Ayutthaya 

147.6 3,643.1 84.5 54.4 204.0 10.4 16.0 327,098,191.8 

Sing Buri 4.0 n/a 2.9 33.5 0.0 2.2 2.4 28,818,101.6 
a1 = Agricultural; 2 = Industrial; 3 = Tourism; 4 = Transport; 5 = Electricity; 6 = Water and sanitary; 7 = Health;  
8 = Housing. bMinistry of Industry (unpublished data). n/a = unavailable. 

 
     Located around the river mouth of the CPR, Samut Prakan Province showed low flood 
risk (Fig. 2) even during the 2011 mega flood of the country. This might be due to a number 
of factors. For instance, the floodwaters were not often allowed to flow, as per normal 
circumstance, through inner Bangkok (where a lot of economic and shopping centers, 
government offices, academic institutions, important temples, palaces, etc. are located) to 
Samut Prakan. Accordingly, during the 2011 flood in the CPRB, large amounts of floodwater 
hitting Bangkok were diverted to the western and eastern areas outside Bangkok [21]. 
Consequently, many districts located downstream of Bangkok (i.e., in Samut Prakan) were 
barely flooded or were flooded at a shallow level in 2011. 
     Land use is another variable that influenced the severity of the flood risk. The agricultural 
sector covers about 71% of the CPRB. The largest damages and losses in the agricultural 
sector (147.6 million US dollars) as the result of the 2011 flood were detected in Phra Nakhon 
Si Ayutthaya (Table 1). Based on the province’s geography and major land use activity (i.e., 
rice farming), most paddy fields in Phra Nakhon Si Ayutthaya act as flood drainage areas in 
the wet season each year. That is, after rice harvesting (around after mid-September), farmers 
will allow the local irrigation offices to drain floodwaters onto their farmlands. 
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     Meanwhile, although it accounted for just about 3% of the total land use (2,270 km2) in 
Phra Nakhon Si Ayutthaya, the industrial sector in this province suffered considerable 
damage in the 2011 flood (Table 1), particularly the five inundated IEs, i.e., Saha Rattana 
Nakorn, Rojana, Hi-tech, Bang Pa-in, and Factory Land IEs. To reduce the severity of the 
flood risk in the provinces located in low-lying areas, the residential and industrial sectors 
should be relocated out of these areas. Land use planning and building zoning in areas with 
moderate to very high flood risks should be improved; and the relevant flood risk mapping 
should be considered as one of the key variables in the re-planning/re-zoning process. 
     Man-made disturbances (e.g., diverting floodwaters out of their areas and/or flood 
protection using any type of flood control structures) were unpredictable and therefore 
excluded from the flood risk assessment in this study. Nevertheless, the results of man-made 
disturbances were likely to be incurred in either Lcons or Pcons or both. The obvious example 
occurred in 2011, during the flood in inner Bangkok, where important areas were protected 
by the government. Flood dikes and sandbags were installed around these areas; and 
floodwaters were diverted towards other areas. These caused the affected people to become 
very upset and some of them destroyed the sandbags or obstructed officials from repairing 
the flood barriers [21]. 
     The flood control structures installing along the riverbanks of the CPR, which run through 
urban or economic areas, are apparently another kind of man-made disturbance in the CPRB. 
These concrete walls not only motivate people to stay in the floodplain, but also create deep 
areas for retaining water and modifying the patterns of water flow [16]. Additionally, 
concentrations of people, infrastructure, and assets cause greater risks in urban areas that 
could subsequently suffer higher fatalities and economic losses from flooding compared to 
rural areas [22]. 

5  CONCLUSION 
The flood risk index was primarily assessed by district across the CPRB. The districts that 
showed high and very high flood risks were detected in Lop Buri, Phra Nakhon Si Ayutthaya, 
and Pathum Thani provinces. Land use activities and man-made disturbances could influence 
the severity of flood risks in the river basin, particularly in the downstream portion, where 
Bangkok, the capital of Thailand, is located. Overall, the flood risk assessment in the river 
basin scale is useful for decision making by local administrations to prepare appropriate 
plans/measures on flood risk management and mitigation. Although a flood disaster cannot 
be 100% prevented, its impacts may be managed or mitigated if the relevant flood risks are 
known. Further flood risk studies at a finer spatial scale across a river basin of interest are 
recommended by incorporating more important flood-related variables, such as land use 
activities, seasonal precipitation, flood trace, and so forth. In addition, the current flood risk 
management plans and measures should be improved by emphasizing both community 
participation (e.g., community consultation, monitoring, and review) and non-structural 
measures (such as land use planning, building zoning, and development controls); and these 
should be based on the severity of the estimated flood risks across the river basin. Community 
participation can assist in shaping the flood risk management plans more effective in a 
manner consistent with the severity of flood risks and community support. Meanwhile, 
proper non-structural measures for managing or mitigating flood risks are, for instance, a 
regulation that discourages development that may exacerbate impacts of flooding in a certain 
area, an exclusion of high flood risk areas from the development zone, and preparations of 
community emergency response plans for the areas with moderate, high, and very high flood 
risks. 
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