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ABSTRACT 
 

The Chao Phraya delta measuring 100 km along East-West and 180 km along North-
South is the single most important rice growing area in Thailand. Its irrigated area of 
1.2 million hectares produces about 8 million tonnes of rice. In addition, it also 
produces sugar cane and orchards crops. Its fertile soil, especially in the upper delta, 
makes it a major agricultural base in Thailand. It also houses the economic centre of 
Thailand - Bangkok and its vicinities, including many industrial estates around. 
Whatever happens to this delta can create big effects on Thailand’s economy. When 
the delta was still virgin, it was very inhospitable to live. There was no water for 
drinking in the dry season and in the rainy season the area was always flooded.  
 
Settlement in the delta began after 1350 with orchards planted along river levees. 
Later on canals were dug for navigation and also for irrigation purpose. Large 
increase in export of rice which began after 1855 required good irrigation to supply 
water that old canal systems could not provide. The modern irrigation system was 
planned in 1902 but was implemented much later due to shortage of funds. The Chao 
Phraya barrage was completed in 1957 followed by two large storage reservoirs in 
1964 and 1971. After that dry season cultivation of rice increased steadily. Although 
the government constructed more storage dams, the shortage of water supply from 
the reservoirs occurred quite often. In drought years, the problems of water shortage 
and water allocation became more serious e.g. in 2015 and 2016 some reservoirs 
were depleted to dead storage.  
 
However, there are some plans to develop new irrigation areas within the Chao 
Phraya basin itself. This will create more water use and less inflow into the reservoirs. 
Careful consideration for limiting such development and proper allocation quantity 
must be studied to ensure sustainability of the existing irrigated areas. 
 
Large floods such as in 2011 that caused extreme damages and losses shocked the 
people and authorities jumped to propose a flood protection system that is overly 
large, expensive and difficult to implement, operate and maintain. Large bypass new 
canals in soft soils may prove to be unfeasible and unsuitable. A proper mitigation 
program with adaptive mitigation measures that integrates all factors including the 
nature of the delta into consideration may better suit the situation and make the whole 
program sustainable.  
 
Keywords: Chao Phraya Delta, Sustainability, Drought, Flood, Integrated 
management, Adaptive measures, Non-structural measures. 
 

1. THE CHAO PHRAYA DELTA 
 

1.1 Background 
 
The Chao Phraya delta is in the southern part of the Chao Phraya river basin where 
the Chao Phraya River flows into the Gulf of Thailand. It is one of the important deltas 
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in Southeast Asia together with the Red River delta and the Mekong delta in Vietnam 
and Irrawaddy delta in Myanmar (Tuan and Molle, 2000). The apex of the delta is at 
Chai Nat dam about180 km from the sea, while the width at the base measuring in 
East-West direction is about 100 km. The size of the irrigated area in the Chao 
Phraya delta is about 1.2 million hectares (mha). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The Chao Phraya delta   Figure 2. Satellite image of Chao Phraya  
 
The delta with a large part of its area has elevation of less than 2.5 m above mean 
sea level (amsl). The lower delta, which is low flatland, was flooded in the rainy 
season both by the rainfall and the flood water flowing from upstream, but in the dry 
season there was no water for cultivation and even for drinking making the area unfit 
for human habitation. The areas were left as grassland with patches of swamp forest, 
the domains of elephants and crocodiles (Takaya, 1987: Molle et. al. 2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Lower part of the Chao Phraya delta-showing area that was always 
inundated by floods. 

 
1.2 Early irrigation development 
 
The area of the delta can be divided into two parts: the upper delta from Chai Nat to 
Ayutthaya and the lower delta from Ayutthaya downwards to the sea. The upper, or 
the old delta has higher elevation of about 4-5 m amsl. The lower delta consists 
mostly of the young delta and has low elevation of about 1-2 m amsl. During 
Ayutthaya period (about 17th century), paddy cultivation was aimed at having sufficient 
rice for domestic consumption and irrigation development was not implemented 
extensively. Canal excavation was aimed more at improving inland navigation than for 
cultivation. In the lower delta, people usually settled along the river banks and planted 
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fruit trees along the river levees. The floodplain further from the river was used for 
growing rice which was not very much at that time. 
 
 
 
 
 
 
 

 
 
 
 
 
  
 
 

Figure 4. Map of the delta with the apex at C (Chai Nat) showing old and young 
deltas (After Takaya, 1987). 

 
 
  

 
 
 
 
 
 
 

 
 
 

Figure 5. Various parts of the delta (After Takaya, 1987). 
 
In the Rattanakosin Period starting from 1782, Thailand’s capital had been moved 
from Ayutthaya to Bangkok. Then the development of the lower delta areas began 
(Royal Irrigation Department, 2002). Some canals were dug for multi-purpose uses 
e.g. communications and transport, trading, security control, and also for cultivation 
purposes. But it was not until 1855 when the Bowring Treaty was signed between 
Thailand and Great Britain which allowed export of rice to other countries that there 
was a rapid increase in opening up of new lands for rice growing (Brummelhuis, 
2007). More canals were dug by the government, by private, and later on by a large 
company, the Siam Land, Canals and Irrigation Company. It was established for 
canal construction in a large tract on the east bank of the Chao Phraya River. 
However the canal systems could not provide satisfactory irrigation supply for the 
area due to silting and lack of control structures. There was a need for modern 
irrigation system to be implemented. 
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During this period, the water regime in the rice growing area was not much different 
from the normal features of the delta, as flooding occurred almost every year and 
farmers in low areas had to grow floating rice varieties. 
 

2. MODERN DEVELOPMENT 
 
2.1 General Plan of Irrigation and Drainage in the Lower Maenam Valley 
 
In 1902 King Chulalongkorn had requested the Government of the Netherlands for 
the service of a Dutch engineer to help in studying and planning of a modern system 
of irrigation in the Chao Phraya delta. Mr. J. Homan vander Heide came to Thailand 
on 13th June 1902 and began giving advice on improvement of various existing canal 
systems and at the same time visited the area and prepared his report on the general 
plan of irrigation of the whole area. He completed his study in 1903 and even though 
the government decided not to implement the whole project immediately due to lack 
of budget, the government decided to create the Canal Department and hired Mr. J. 
Homan vander Heide as the first Director General of the Department. The 
government selected to implement some smaller sub-projects such as the South 
Pasak project, etc. out of the general plan. 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. The plan of irrigation in the Chao Phraya delta drawn by Homan van der
  Heide in 1903 (Heide, 2012). 

 
2.2 Development of the greater chao phraya project 
 
Not until 1952 when the Thai Government with financial support from the World Bank 
commenced on construction of the Chao Phraya barrage at Chai Nat to be the main 
control structure for diverting water from the Chao Phraya River into the distribution 
system. The barrage was completed in 1957, and the distribution system in 1961. The 
irrigation system which was designed and constructed at a much later date, however, 
followed closely to the original plan drawn in 1903. 
 
The irrigation and drainage system of the Greater Chao Phraya project covers an 
area of about 1.2 mha. This is quite a large project and in the beginning, there was no 
dry season rice crop because there was no storage reservoir.  
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2.3 Construction of the storage reservoirs 
 
The Government further developed the irrigation system by constructing two large 
storage reservoirs on the major tributaries of the Chao Phraya River, the Bhumibol 
dam (13,462 (million cubic meters (mcm)) on the Ping River completed in 1964 and 
Sirikit dam (9,510 mcm) on the Nan River completed in 1972. Water stored in these 
two reservoirs made cultivation of dry season crops in the project possible. These two 
large reservoirs also help to mitigate floods that inundate parts of the project every 
year and help protect large cities including Bangkok from frequent flood risks. The 
Royal Irrigation Department continued development by constructing more storage 
reservoirs such as Kiew Lom on the Wang River, Pasak Cholasit on the Pasak River 
and Kwae Noi on the Kwae Noi River in the Nan river basin.  
 
Farmers in the Greater Chao Phraya project have steadily increased their cropping 
intensity. Around 1965 there was hardly any second crop of rice but at present the dry 
season crop is grown over almost 1 mha in a good year. Besides, farmers in some 
areas can grow rice continuously year round for which they can make almost three 
crops per year.  
 
The area between the reservoir and the delta was later developed with irrigation 
projects such the Phitsanulok project of about 181,640 ha. This project was also 
financed by loan from the World Bank. The project area was not developed at full 
potential because of the problem of limited water supply for the Chao Phraya basin 
especially the area in the delta that had been developed before. 
 
2.4 Changes in water regime 
 
Development of irrigation and drainage system and also expansion of town and cities 
made a big change to the water regime in the delta. From the old days when during 
the rainy season flows in the Chao Phraya River spilled over river banks and 
inundated the low land on both sides of the river for a few months and gradually 
drained into the sea at the end of the year. This helped to be a buffer to store the 
flood peak and keep the flood discharge in the main river channel flowing 
downstream to important cities e.g. Bangkok in an amount that was manageable. 
Besides, sediment deposit brings fertility to the area. 
 
When flood protection dikes were made to protect cities and also agricultural areas, 
this increased the discharge in the river and also increased the flood level 
downstream. The flood water level in Bangkok increased to 30-40 cm higher for the 
same flow in Nakhon Sawan about 200 km north of Bangkok. 
 
The water situation in the dry season has also changed. In addition to lower inflow 
into the reservoirs due to change in water uses upstream for which watershed forests 
were cleared and replaced by maize, pineapple, etc. More irrigation projects opened 
up and consume quite a large quantity of water.  
 
Water management in the dry season is now becoming very difficult even in a normal 
year. For drought years it is extremely difficult to allocate water to satisfy all 
requirements and to have enough water in the river for water supply of Bangkok with 
almost 10 million people and at the same time to counter the increase in salinity due 
to sea water intrusion into the river. 
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3. DROUGHT AND IRRIGATION DEVELOPMENT 

 
Thailand suffered from drought quite often (1977, 1979, 1989, 1992, 1993, 1997, 
2004, 2014 and 2015). Even in normal years, increase in irrigation area and increase 
in dry season cropping already require all the active storage of the existing four major 
storage dams (Bhumibol, Sirikit, Kwae Noi and Pasak Cholasit). When drought 
occurs, the water available in the storage reservoirs depletes and problems of water 
allocation to various sectors occur. Normally, the dry season area for growing rice is 
reduced and in some years, farmers are even discouraged not to plant any dry 
season crop at all. The year 2014 and 2015 are the good example of this situation. 
Dry season rice in the Chao Phraya was not planned for irrigation water delivery at all 
but farmers in the low lands took risks and planted their dry season rice. 
 
One serious problem when there is not enough water to release to downstream of the 
river is sea water intrusion. From January to May, the salinity in the Chao Phraya 
River encroaches upstream. To keep the salinity level at Sam Lae, the intake, low 
enough to ensure good quality (below 250 ppm) water supply is very difficult. For 
crops, the limit of 2000 ppm is the maximum control point. Anyway during the dry 
season of 2014 and 2015 there were a few times that the salinity exceeded that level. 
Since agriculture is the biggest consumer of water, it is therefore a good idea not to 
try to develop more irrigation area with this limited available water. However, there 
are some on-going development projects, e.g. construction of new dams and new 
irrigation areas within the basin such as the Pha Chuk project which will be using 
water from Sirikit reservoir. This kind of development even though being done for 
good reasons will somehow be just like moving irrigation areas from the existing 
areas to new areas. This is difficult to justify economically and it will cause the 
problem of water allocation to be more difficult. 
 
The government is trying to look for better alternatives to mitigate the drought 
problem. On the supply side, the option of adding inflow into the storage reservoirs 
will be revised. Diverting some water from the Meoy and Yuam rivers in the western 
part of the country may help relief serious water shortage in Bhumibol dam reservoir. 
Some other options may include retrieving water from the Mekong to Sirikit reservoir 
or other reservoirs in the Northeast. 
 
On the demand side, the Ministry of Agriculture has considered to impose limit on rice 
production. This can be a two-fold benefit, first to stop increasing usage of precious 
water from agriculture and secondly to help in proper marketing of rice export. 
 

4. FLOODS AND MITIGATION MEASURES 
 
The Chao Phraya delta has been subjected to flood from the beginning where every 
year during the rainy season large parts of the lower delta were inundated for a few 
months. After construction of irrigation system with dikes along rivers and canal banks 
and construction of large storage reservoir upstream, floods were less frequent. Only 
when the flow discharge in the river at Nakhon Sawan exceeds 3,000 m3/s, water will 
spill into the floodplain. 
 
The big flood that occurred and affected Bangkok heavily was in 1942 when Bangkok 
was under water for many months. After that, the big floods came in 1995, 2002, 
2006 and the flood that caused the extreme damages with a record loss was in 2011. 
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Figure 7. Map showing the inundated areas and industrial estates that were 

 Damaged (Data from Royal Irrigation Department, Thailand). 
 

 

 

 

 

 

 

Figure 8 and 9. Damages to the manufacturing industries caused by 2011 flood. 

 

 

 

 

 

 

 

 

Figure 10. Damages and Losses caused by 2011 Flood (World Bank, 2011). 
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The economic damage and losses by the 2011 flood is estimated by the World Bank 
to be about 45.7 billion dollars making it to be ranked as the 6th costliest disasters in 
the world. Lack of understanding of causes of the flood and real understanding of the 
damages and losses led many people to think that the government should invest a lot 
of money to provide protection measures so that there will be no flood damages in the 
future. Experts were invited to submit proposals, which were hastily drafted, and huge 
project of construction of many large bypass canals were proposed. More than 10 
billion US dollars projects were proposed to be implemented without strategic 
environmental assessment at all. Luckily there was a change in the administration 
and the project was delayed. 
 

5. PRACTICAL MITIGATION MEASURES 
 
The 2011 flood caused heavy losses because on that year there was so much rainfall 
in all areas. Heavy rain in the central plain downstream of the storage dams caused a 
record inflow into the reservoirs. The result of an unexpected series of four storms 
passed over the northern part of Thailand during late September to the beginning of 
October 2011. Bhumibol dam normally has yearly inflow of about 5,600 million cubic 
meters (mcm), but in 2011 inflow amounted to 12,000 mcm, the highest inflow since 
completion of the dam.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Comparison of yearly inflow into Bhumibol reservoir (EGAT, 2011). 
 
Before this series of storms hit Thailand, there had been more than 5,000 mcm 
available spaces in the reservoirs. And in passing record, after construction of the 
dam, there was never a year with inflow in the last few months to reach 5,000 mcm. 
In order to save downstream areas from more flooding, the Bhumibol reservoir was 
operated to keep the large floods till the last minute. Finally, there was some spill from 
the spillway gates, but that was after heavy damages to the dikes had happened 
already. The total volume of flood passing through NakornSawan was almost 40,000 
mcm the highest flood volume ever recorded. 
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Figure 12. Damages and Losses by Sector (World Bank, 2011). 
 
When looking at damage and losses, the greatest losses in industry mostly came 
from the nine industrial estates located in the flood plains of Bangkok. After the flood, 
industrial estates had improved their flood protection dikes; therefore for future floods 
it will not cause heavy damages like in 2011 again. 
 
Another point to consider is the difficulty in construction of large canal in the Bangkok 
soft soil. It is easy to plan in paper a very large canal of 1,000 or 2,000 m3/s to carry 
excess water to the sea. In reality it is difficult to construct and maintain such a large 
canal due to instability of the soft soil. Difficulty in construction of a much smaller 
canal (100 m3/s) in similar area had been observed. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 13. The bypass canal of 100 m3/s flow capacity and the pumping station. 
 

6. CONCLUSION  
 
Sustainability in managing a delta requires integration of all factors concerned into 
consideration. Irrigation development or disaster mitigation measures should not be 
considered separately as each individual project. Otherwise it may lead to design for 
extreme flood protection schemes that try to prevent damage to all areas which will 
consist of large expensive canals and structures that are extremely difficult to 
construct and maintain due to unfavourable topography and soil conditions. It will also 
be used rarely and may cause difficulty to operate together with the existing irrigation 
systems. On the other hand, if the aim is protection for frequent floods in the whole 
area and raise the level of protection just for important areas, the cost of protection 
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will be much less. People should sometimes experience some floods to keep a sense 
of awareness and do not neglect their sense of survival. It was the floods that created 
the delta and supplied fertility through sediment deposited. 
 
Development of a new area within the existing system that already has a problem of 
water shortage should be done with extreme precaution. Reasons to develop a new 
area either by policies or by other agenda should be weighted with the unavoidable 
dispute over very limited water and difficulties in water allocation and management.  
Drought mitigations should be conducted on both managing the supply and 
controlling the demand. The Chao Phraya delta needs additional water supply so any 
program that can add more water to this basin has to be urgently considered. 
Improvement of the basin water management including update of reservoirs operating 
rule curves should also be done. 
 
The Office of the National Water Board has to be a central body to approve allocation 
of water to avoid dispute among sub-basins and provinces. Finally, the government is 
heading in the right direction in setting up upper limit for rice production in order to 
control too many crops of rice per year to prevent problems of water allocation in the 
Chao Phraya delta from getting worse.  
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