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Abstract 13 

The Great 2011 Thailand flood is one of the most catastrophic flood disasters recorded 14 

worldwide in modern history, which covered about 100,000 km2 of the country and resulted in 15 

813 casualties and incurring US$ 46 billion in economic losses. In this paper, we re-evaluate the 16 

flood event to identify the root source of the catastrophe. By analyzing hydrological data from 17 

gauge stations along the Chao Phraya River (CPR) and remote sensing data, we decoupled the 18 

volumetric contributions of river overflow and local rainfall to the lowland reach of the basin and 19 

found that the latter contributed most to the flooding. More specifically, out of the total of 77.6 20 

km3 of floodwaters estimated, 73.7 % was from precipitation, while only 26.3% was from river 21 

discharges. This finding differs from the official reports or previous studies, which attributed the 22 

main cause of the river overbank flow. Therefore, it is also inferred that the upstream dam 23 

operations would have been only marginally helpful in mitigating the flood since rainfall made up 24 

most of the floodwaters in the downstream reach of the river. Our finding offers a new 25 

perspective that the local rainfall could be a significant source of the floodwater, rather than river 26 

overflow in the lower reaches of a large monsoonal river system in Southeast Asia. Thus, this 27 
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paper contributes to the understanding of complex flood processes in large river basins and 1 

provides fresh insights for efficient flood control and stormwater management.  2 

 3 

Keywords: Flood, natural disaster, river, rainfall, inundation, Thailand, Southeast Asia 4 

 5 

Highlights: 6 

● The great Thailand flood of 2011, which resulted in 813 casualties and US$ 46 billion 7 

damage, is re-evaluated. 8 

● The Root cause of the catastrophic flood is identified as local rainfall, rather than river 9 

overflow. 10 

● Even if there existed better meteorological prediction, the magnitude of disaster would 11 

have been similar. 12 

 13 

1. Introduction 14 

One of the greatest floods in Thai history occurred in 2011 between August and December, with 15 

an estimated floodwater volume of around 15 billion m3 (Komori et al. 2012, Rakwatin et al. 16 

2013). This major disaster resulted in 813 casualties and three missing people (Thai Ministry of 17 

Interior, 2012). The flood covered a spatial extent of approximately 97,000 km2, which is around 18 

4% of the country and affected over 66 out of the 77 provinces in Thailand. It also destroyed 19 

more than 1.8 million homes and displaced 2.5 million people in 6 months (August to January 20 

2012) (DHI 2013, Gale and Sanders 2013). Although these statistics do not rank amongst the 21 

top ten global floods that have been reported since 1982, this flooding event surpasses these 22 

flood events in terms of economic damages, which totaled up to approximately US$ 45.5 billion. 23 
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Hence, it is one of the most catastrophic and costliest in-land flood disasters recorded in 1 

modern history (World Bank, 2012). This is evident from how Thailand's economic growth in 2 

2011 drastically dropped from 3.7% to 0.1%, which was primarily due to the losses in physical 3 

assets, products, raw materials, machinery, and shelters (Bidorn et al., 2015).  4 

Previous studies which attempted to investigate the 2011 catastrophe in Thailand include 5 

international journal articles (e.g., Komori et al., 2012, Poapongsakorn and Meethom, 2012, 6 

Rakwatin et al. 2013, Haraguchi and Lall, 2015), technical reports from international 7 

organizations (e.g., Aon Benfield, 2012) or individual experts (Meehan 2012) and local reports in 8 

Thais, such as Thaiwater.net, 2012, Royal Irrigation Department (RID), 2011 and Electricity 9 

Generating Authority of Thailand (EGAT), 2011. The causes, accordingly, have been identified 10 

as both natural, i.e. the exceptionally adverse weather conditions and anthropogenic, i.e. 11 

ineffective water-management decisions. Of the two, the former has been reported from very 12 

different angles: for example, Gale and Saunders (2013) 's evaluation of the event's return 13 

periods; Bidorn et al. (2015) 's focus on the river sediment discharges, or Komori et al. (2012) 14 

who emphasized the intensities of the five tropical cyclones. Meehan 2012 also speculated that 15 

rainfall might have also contributed considerably to the floodwaters in 2011, however without 16 

quantitative analysis. The latter has been reported to be predominantly related to the debates 17 

over the operation decisions of the two upstream dam reservoirs: Bhumibol and Sirikit (e.g., 18 

Suwan M., 2012; thaiwater.net 2011 – in Thais; Aon Benfield 2012). Another commonly cited 19 

cause was the inconsistent weather forecasts that led to miscalculating the timings of the 20 

storage and discharge of the dams (Bauhgh et al. 2016, Cowling et al. 2017, Krajewsiki et al. 21 

2017). As such, people such as Sarapin P. (2012) assumed that the adverse impacts 22 

experienced in the CPR basin could have been avoidable or, at least mitigated, had the two 23 

upstream dam reservoirs operated differently.  24 
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It should be noted that government agencies have critically limited access to hydrologic and 1 

operating data in the years following the flood event. Although there is valuable information 2 

communicated amongst scientific communities about the flood event, they are scattered across 3 

different disciplines, as mentioned above. In other words, there has yet to be any systematic 4 

assessment at a basin-scale. For instance, the exploration of the links between the tropical 5 

cyclones that landed on different parts of the country due to the heterogeneous rainfall over the 6 

CPR basin, which led to the downstream floods, is currently absent from the literature. We 7 

believe that the lack of basin-scale understanding of the event connecting the heterogeneous 8 

rainfall patterns to the river induced flooding downstream had been reinforced by public media 9 

(e.g., thaiwater.net 2011, 2019a and b). These biases collectively led to an oversimplified 10 

consensus that attributes the causes of the 2011 mega floods to (i) the series of cyclones that 11 

hit the northern part of the country and (ii) poor management of the two upstream dams. 12 

Consequently, although the characteristics of the flood event have been reported in vast detail, 13 

the root cause of the 2011 catastrophic flood in Thailand still remains a mystery that was never 14 

examined thoroughly via data-driven approaches. 15 

To fill this glaring knowledge gap, this paper re-evaluates the root causes of the event by 16 

synthesizing a remarkable volume of hydrological data from the gauge stations along the entire 17 

CPR basin. Specifically, we analyzed daily water level, discharge, and rainfall data from over 23 18 

gauge stations across CPR Basin in 2011. We decoupled the different sources of floodwater, 19 

i.e. river water (fluvial) versus rainfall (pluvial), in terms of their volumes, that covered the lower 20 

reach of the basin. One of the key findings in this study is that most of the floodwater that 21 

inundated the lower CPR Basin area originated from local rainfall. Therefore, unlike the common 22 

consensus that the 2011 Thailand flood disaster was primarily caused by overbank flooding of 23 

the river (i.e., Liew et al. 2016), we provide evidence that the local rainfall was the main 24 
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contributor to the extensive inundation of the lower CPR Basin. This led to our conclusion that 1 

better accuracy of weather forecasts and management of the upstream dam would have little 2 

effect on mitigating the flood impact.  3 

This paper contributes to the understanding of the flooding dynamics in South East Asian river 4 

systems and beyond, showing local rainfall can be a major source of the floodwater in the lower 5 

reach of the monsoonal rivers. This would deepen our current understanding of the complex 6 

mechanisms of flood in large river basins, provide valuable alternative insights and implications 7 

on other flood-related subject domains, and also offers fresh perspectives for efficient flood 8 

control and stormwater management.  9 

 10 

2. Data and methods 11 

2.1. The Chao Phraya River (CPR) basin 12 

CPR is Thailand's largest drainage basin (157,924 km2) and accounts for 35 % of the country's 13 

total area. The CPR river is the fifth largest in Southeast Asia, with a mean annual runoff of 14 

4,925 million m3 (Water Environment Partnership - WEPA). The CPR emerges near the Thai-15 

Myanmar-Laos triangular borders, flowing southwards for 372 km before draining into the sea at 16 

the Gulf of Thailand (Alford, 1992) (Figure 1A). In the northern part, the CPR basin is mostly 17 

hilly, where four major tributaries - the Ping, Wang, Yom, and Nan - drain into CPR at Nakhon 18 

Sawan, a local geological nodal point where these rivers merge. Downstream of Nakhon 19 

Sawan, the channel slope becomes gentle (~0.2 m/km, Figure 1B) as the CPR enters the 20 

lowland of the basin. The river starts to distribute due to avulsion and extensive development of 21 

irrigation canals. The lowland portion of the basin is the main focus of this paper, which 22 

encompasses areas <50m above sea level (occupying ~23% of the basin area, Figure 1C). The 23 
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lower CPR sub-basin is a vast flat lowland where distributaries such as Tha Chin diverge from 1 

the main river around Chai Nat and flow directly to the sea. Other distributaries such as the 2 

Sakae Krang and the Pasak join CPR at Uthai Thani and Ayutthaya, respectively. Figure 1A 3 

shows the geographical coverage of CPR and Table 1 summarizes the basin areas, lengths, 4 

and the total annual discharge volumes of the main tributaries. 5 

 6 

Table 1. The main tributaries of the Chao Phraya River*. 7 

Tributaries 

Basin Area 
(km2) 

Length 
(km) 

Mean annual discharge 
(m3/s) (lowermost station 
code) 

Sub-basin 

Ping 34,453 740 360 (P.17) Upper 
Wang 10,800 460 49 (W.3A) 
Yom 12,580 735 166 (Y.16) 
Nan 34,682 770 499 (N.67) 
Tha Chin 13,681 765 - Lower 

 Sakae Krang 5,191 225 242 (Ct.19) 
Pasak 16,291 513 84 (S.39) 

* Information as retrieved from Water Environment Partnership in Asia (WEPA) available from 8 

http://www.wepa-db.net/policies/state/thailand/thailand.htm 9 

 10 
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 1 

Figure 1. A: The Chao Phraya Basin and its tributaries, as well as major gauge stations 2 
(discharge and rainfall) used in this study. The two main dam reservoirs, Bhumibol and Sirikit, 3 
are marked as red polygons. Meteorological station names' abbreviations: Kp. - 4 
Kamphaengphet, P. - Phetchabun, NS. - Nakhon Sawan, SB - Suphan Buri, AA Ayuthaya 5 
Agromet, PA. - Pathumthani Agromet, BM. - Bangkok Metropolis. B: Longitudinal profile of each 6 
river and the average channel slope calculated for the basin. C: Elevation frequency distribution 7 
(1m bin) and hypsometric curve of the CPR Basin. Lowland area is calculated as elevation 8 
<50m above sea level.  9 

 10 

2.2. Hydrological dataset and analysis 11 

The data sets of water discharge and rainfall collected by both the Thailand Meteorological 12 

Department (TMD) and the Royal Irrigation Department (RID) were used to investigate the 13 

hydro-meteorological characteristics of the CPR basin. Hydrological (water levels and 14 
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discharges) data collected consists of daily records from 8 automatic stations, including three 1 

along with the CPR (C.2, C.13, and C.7A); upstream tributaries: Ping (P.2A and P.17) and Nan 2 

(N.67); downstream tributaries: Sakae Krang (Ct.19), Thachin (T.12) and Noi (Ni.2); and two 3 

irrigation canals: Chainat-Ayutthaya, and Makhamthao-Uthong (measured at the respective 4 

floodgates) (Figure 1A). In addition, we also collected the operating information of Bhumibol and 5 

Sirikit dams, which includes daily inflows, outflows, and storage progression in three 6 

consecutive years from 2009 to 2011.  7 

For the daily rainfall data, the focus was given to the stations located on the lower sub-basin, 8 

including Nakhon Sawan, Chainat, Lopburi, Suphanburi, Ayutthaya, Pathumthani, and Bangkok. 9 

In addition, operational water level and discharge data of two upstream reservoirs Bhumibol and 10 

Sirikit was also obtained from the Thailand Royal Irrigation Department (RID). We also 11 

incorporated the loss of water volume over floodplain through evapotranspiration (ET) using the 12 

validated MODIS ET product (MODIS Global Terrestrial Evapotranspiration 8-Day Extract, 13 

MOD16A2) over the CPR Basin (Mu et al. 2011). 14 

2.3. Decoupling river water versus rainfall water 15 

In this section, we presented a method to decouple the floodwaters from rainfall and river 16 

discharges and use the CPR reach between C.2 and C.7A. The landscape in the reach is flat, 17 

and the CPR presents a meandering pattern with a sinuosity index of around 1.46. This reach is 18 

also the most impacted reach by the flood in 2011 (SI Figure 1). Time-wise, we specifically 19 

focused on the period of the main floods, from April to November 2011.  20 

In essence, we compared the volumes of water that contributed to the floods from two sources: 21 

fluvial and pluvial. For the fluvial component, we conceptualized the complex hydrographic 22 

network (tributaries, distributaries, and irrigation canals diversion; detailed map is given in 23 

Figure 5A) and derived the following Equation: 24 
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Fluvial Flood Waters = Upstream – (Distributaries + ∑Canals + Downstream) Eq.(1) 1 

Where all the terms are cumulative sums of daily discharge (in m3) from April to November in 2 

2011 at the respective gauge stations. More specifically, the Upstream consists of flows at C.2 3 

combined with its tributary Ct.19; Distributaries include T.12 and Ni.2; ∑Canals is the total 4 

discharge of the two irrigation canals; and the Downstream is the discharge measured at C.7A. 5 

It should be noted that these irrigation canals are generally limited in their sizes and discharges 6 

compared to the CPR main channel or branches. For example, Makamthao-Uthong is the main 7 

canal between C.2 and C.7A, which has a mean annual discharge (m.a.d) of around 35m3/s, 8 

i.e., only around 3% of the m.a.d. of CPR at C.2. However, to provide the most refined possible 9 

floodplain water budget, we considered the two main irrigation canals in this reach, i.e. 10 

Makamthao-Uthong and Chainat-Ayutthaya (Figure 5). Discharge diversion to the Lopburi 11 

branch was not considered in the budget equation, because most of the floodplain along the 12 

branch is upstream of C.7A and also rejoins the main CPR soon downstream.  13 

The 2011 flood was a long event that lasted for almost a year. Therefore, both precipitation and 14 

evapotranspiration (ET) were considered for the pluvial component of floodwaters as follows: 15 

Pluvial Flood Waters = ∑Precipitation - ∑ET   Eq.(2) 16 

Where all the terms are cumulative sums of daily volume (in m3) from April to November, similar 17 

to Eq(1). ∑Precipitation is estimated by multiplying the rainfall depths with the respective sub-18 

catchment areas. For the rainfall depths, we used the daily records of seven meteorological 19 

stations in the lower CPR sub-basin (Figure 4). We then spatially delineated the lower CPR sub-20 

basin into thiessen polygons, using the geographical locations of the seven stations being 21 

analyzed. To calculate ∑ET, we first extracted the ET rate from the MODIS product for April to 22 
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November 2011 over the CPR Basin. Images in the same month were summed up to obtain one 1 

raster per month with absolute monthly ET. To fill gaps in the data, we used Inverse Distance 2 

Weight (IDW) to obtain a seamless raster for each month. We first calculated the mean ET rate 3 

for each pixel, which was then multiplied with the number of pixels covering the lower CPR sub-4 

basin. The resulting multiplication was finally divided by eight given the original ET unit being 5 

kg/m2/8 days. We consider the water loss due to groundwater seepage is negligible because the 6 

soils along the floodplain had already been saturated by the early floods in March (see section 7 

3.1).  8 

 9 

3. Results and discussion 10 

3.1. The chronicle overview of the tropical cyclones and flood  11 

Prior to the main event, the northern, central, eastern, and southern regions of Thailand had 12 

received significantly well above average amounts of rainfall in March 2011 (Aon Benfield 2012, 13 

Megotoknow.org – in Thais). On the national scale, the regions that saw excessive rainfall totals 14 

and their percentages above normal in March include the North: 334%, Central: 305%, Eastern: 15 

113%, South: 1,005% (East Coast), and 502% (West Coast). This forced ten southern 16 

provinces to be declared as disaster zones when the floodwaters killed 53 people, affected 17 

more than two million people, and damaged 603,486 homes (Aon Benfield, 2012; HAII, n.d.). 18 

Consequently, these early floods had saturated the soils along the flood paths and increased 19 

the surface runoffs by lowering the infiltration rates, laying the deadly groundworks for the 20 

impending disastrous flooding event (Promchete et al., 2016). 21 

The main floods first emerged from northern Thailand at the beginning of the monsoon season 22 

in late July. In combination with tropical storm Nok-ten (See SI Figure 1 - July), severe floods 23 
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occurred across the northern and north-eastern parts of the country. In between August and 1 

December 2011, torrential downpours, flash floods, fluvial floods, and landslides became 2 

increasingly prevalent in the northern and central parts of the country after the arrival of three 3 

additional tropical storms - Haitang, Nesat and Nagael (AEON Benfield 2012, and from 4 

www.thairat.co.th 2011 – in Thai). These three tropical storms dramatically exacerbated the 5 

magnitudes of already severe rainfall and flooding. From June to August 2011, Ping, Wang, 6 

Yom and Nan rivers discharged 9,885 million m3 of water, equivalent to 50% of annual 7 

cumulative discharge during standard hydrological conditions (Aon Benfield, 2012).  8 

Looking back in history, the country has encountered at least one tropical cyclone every year 9 

since 1952 (Aon Benfield 2012). Thailand received seven major tropical storms in 1970 and 10 

1971 each. Nevertheless, the flood extent and the associated damages experienced in 2011 11 

was unparalleled (Gale and Sanders 2013). What really distinguished the 2011 event was the 12 

location of the tropical storms, which triggered the reconsideration of the efficiency of the CPR 13 

in the downstream flood wave transmission (discussed in more detail in Section 3.3). The 14 

monthly spatial extent of flooding, i.e., from June to December, is illustrated in SI Figure 1 15 

alongside the locations of two upstream dams and two major hydrological stations of CPR used 16 

in this study, i.e., C.2 and C.7A.  17 

3.2. Analyses of river discharges and local rainfalls: What can they tell us about the source of 18 

the flood disaster? 19 

3.2.1. River discharge patterns during the 2011 flood 20 

This paper focused on eight stations, including three along the CPR (C.2, C.13, and C.7A), 21 

upstream tributaries, Ping (P.2A and P.17) and Nom (N.67) which are downstream tributaries, 22 

Sakae Krang (Ct.19), Thachin (T.12) and Noi (Ni.2), and two irrigation canals: Chainat-23 

Ayutthaya, and Makhamthao-Uthong (measured at the respective floodgates). The daily 24 
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discharges of these rivers were plotted in Figure 2 alongside their respective capacity as 1 

designated by the RID. Among the analyzed stations, we note that C.2 acts like a "bottleneck" of 2 

the entire CPR basin that collects upstream fluxes from the two main upstream tributaries (Ping 3 

and Nan), thereby representing the CPR discharge before downstream bifurcations and water 4 

loss to the floodplains (see Figure 3). The grey shaded polygons depict the volumes of water 5 

loss after the river capacities had been breached at three stations: P.2A, C.2, and C.13. The 6 

numbers in brackets are relative comparisons with the mean annual discharge (m.a.d), 7 

respectively, of the station/river. In addition, a plateau was observed in the discharge 8 

hydrographs of C.2 and C.13, suggesting the river had efficiently transferred water to the 9 

surrounding floodplain in that period. For instance, this value was estimated to be 2,231 million 10 

m3, which is approximately 8 % of the river m.a.d. Thus, we infer that at this moment, the river 11 

reached both its peak discharge and the maximum channel capacity.  12 

 13 
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 1 
Figure 2. Daily Discharges of CPR and its tributaries during the 2011 flood. A: The upper CPR 2 
Basin includes the Nom river (N.67) and the Ping river (P.2A and P.17). B: The lower CPR 3 
Basin includes the Nakhon Sawan intersection (C.2), and the CPR itself (C.13 and C.7A). The 4 
dash-dotted lines represent the rivers' maximum discharge capacity designated by the Thailand 5 
Royal Irrigation Department (RID). The grey shaded polygons depict the volume of floodwater 6 
overflowed from P.2A, C.2 and C.13. The numbers in brackets are relative comparisons with the 7 
mean annual discharge (m.a.d). 8 
 9 
In general, most hydrographs peaked around early-mid October in 2011, suggesting 10 

significantly short lag times in spite of the vast geographical distances between the stations. 11 

Therefore, we believe that these temporally-concentrated peaking patterns of discharge across 12 

an extensive basin were due to the role of the local precipitations during the flood.  13 

For the Upper CPR sub-basin, the two gauge stations in the Ping River basin – P.2A and P.17 – 14 

are more than 120 km apart from each other. The downstream station P.17 reached its first 15 

peak discharge on September 15th at 2,292 m3/s; considerably higher than the same-day 16 

measurement at the upstream station P.2A being merely 932 m3/s. Three weeks after, on 17 
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October 7th, P.17 reached the second peak, one day earlier than P.2A. This is hydrologically 1 

impossible in a tributary system where the channel is sourced only with the upstream 2 

hydrological flux. The reach between the two stations has a mostly flat terrain with no major 3 

inputs from tributaries, except extensive paddy fields where intensive water extractions are 4 

common. This indicates that the local precipitation has significantly contributed to the river 5 

discharge (other than sourced from upstream). Also, the total discharge in October 2011 at C.2 6 

exceeded the sum of the two immediate upstream stations, i.e., P.17 and N.67 by 42.5 %. 7 

Similar patterns were observed in the lower CPR sub-basin. More specifically, C.13, which is 8 

located at about 60 km downstream from C.2, already presented its peak discharge on 9 

September 20th, 2011, almost a month before C.2 (Figure 2B). Similarly, C.7A also presented its 10 

peak on October 10th, 2011, also a few days earlier than the C.2. In fact, the timing of the peaks 11 

for both C.13 and C.7A correlates with the arrival of tropical cyclones Nesat and Nalgae, which 12 

hit the middle CPR Basin around late September to early October in 2011 (SI Figure 1).  13 

For the lower CPR sub-basin, we also included the main tributaries, i.e., Sakae Krang (Ct.19), 14 

Thachin (T.12), and Noi (Ni.2); and two irrigation canals: Chainat-Ayutthaya, and Makhamthao-15 

Uthong as shown in Figure 3A. Among these, only the Sakae Krang river drains to the CPR 16 

while the others divert from the river, of which the flows are plotted in Figure 3C. The discharges 17 

of CPR main river, which are re-plotted in Figure 3B, exceed that of the combined discharge of 18 

tributaries combined. Using Equation (1), the total monthly budget from April to November 2011 19 

of the CPR reach between C.2 and C.7A reach was calculated and summarized in Figure 3D to 20 

reflect the progression of the floods. In a nutshell, it would be impossible for C.13 and C.7A, 21 

which are about 60 and 150 km downstream from the C.2, respectively, to reach their peak 22 

discharges before C.2 without the inputs from local precipitation. Based on the analysis of 23 

climatic data, Promchete et al. (2016) also speculated that the series of tropical cyclones that 24 
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struck the northern part of Thailand in 2011 were less likely to cause the catastrophic flood 1 

hazard downstream (though without a quantification). 2 

.  3 

Figure 3. Central floodplain water budget during the 2011 flood. A: Hydrographic map of the 4 
CPR in between C.2 and C.7A. B-C: Daily discharge at the investigated gauge stations along 5 
the main channel, tributary, distributaries, and irrigation canals, in the reach. D: Monthly 6 
floodplain water budget for the reach from April to November in 2011. 7 

 8 
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3.2.2. Analysis of the river discharge against the local rainfalls: What was the primary source of 1 

flooding? 2 

This section examines the significance of the local precipitation in the lower CPR sub-basin, 3 

through a comparison with the ultimate river discharge. For the readers' convenience, Figure 4A 4 

depicts the locations of the discharge and rainfall stations, which were used in our analysis to 5 

decouple the floodwaters into fluvial and pluvial components. Figure 4B presents the daily 6 

discharges in three consecutive years (2009, 2010, 2011) of six major stations, three along with 7 

the CPR (C.2, C.13, and C.7A), with the remaining from upstream tributaries including Ping 8 

(P.2A and P.17) and Nom (N.67). The volume of precipitation over the lower CPR sub-basin 9 

was calculated using daily rainfall measurements over seven rain gauges: Nakhon Sawan, 10 

Chainat, Lopburi, Suphan Buri, Ayutthaya, Pathumthani and Bangkok as illustrated in Figure 11 

4C.  12 

 13 
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 1 

Figure 4. Discharges of the CPR and its tributaries, as well as the precipitation pattern of the 2 
lower CPR sub-basin. A: Geographical locations of the stations analyzed. B: Daily discharges of 3 
CPR and its upstream tributaries, Ping, and Nom in 2009, 2010 and 2011. C: Daily rainfall 4 
depths of the meteorological stations in the lower CPR sub-basin in 2011. Meteorological station 5 
names' abbreviations: Kp. - Kamphaengphet, P, - Phetchabun, NS. - Nakhon Sawan, SB - 6 
Suphan Buri, AA Ayuthaya Agromet, PA. - Pathumthani Agromet, BM. - Bangkok Metropolis. In 7 
B and C: The light blue shaded polygons highlight the typhoon periods (June - September). 8 

 9 

Using Equation (2), the daily volumes contributed from precipitation and the loss from ET was 10 

calculated. Finally, the contributions from fluvial and pluvial components are compared, in terms 11 

of cumulative volumes of floodwaters (Figure 5A) and the monthly ratios between the two 12 

(Figure 5B).  In general, the pluvial cumulative volume was 57.2 km3 (73.7%) whereas the fluvial 13 
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waters contributed 20.4 km3 (23.7%). The loss through ET, however, was found to be 1 

comparatively minor at 0.002 km3. In addition, the monthly ratios of volumes from precipitation 2 

and discharges are constantly well over 2, even exceeding 5 during the typhoon period, from 3 

June to September (Figure 5B). In particular, the highest ratio found in June also coincides with 4 

the arrival time of the first cyclone Haima. Most critically, these results confirm the significant yet 5 

overlooked, responsibility of local rainfall in the 2011 megafloods in Thailand, especially in the 6 

lower CPR sub-basin.  7 

 8 
Figure 5. Fluvial vs. Pluvial. A. Cumulative water volumes from the pluvial (red area), fluvial 9 
(blue area) sources, and loss due to ET (dashed black line) for the reach in between C.2 and 10 
C.7A. B. Ratio line between the monthly water volumes of rainfall and river (standard deviation 11 
as whiskers). The trend of the ratio that the relative contribution from the rainfall water becomes 12 
more predominant as it gets toward the wet season and closer to the flood peak. 13 

 14 

3.3. Revisiting the dam operations: Could a different operation have mitigated the catastrophe? 15 

In the aftermath of the flood disaster, the operators of two upstream dams received severe 16 

backlash from the mass media (thaiwater.net 2011 – in Thai), which accused them of regulating 17 

the dams poorly and consequently, implying that the flood event was a human disaster. 18 
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Additionally, the general consensus amongst Thailand's population was that the main cause of 1 

the disastrous flood was the inaccurate rainfall prediction in the CPR Basin, despite the 2 

significant drought over the past two years that may have skewed the prediction in 2011 3 

(isrnews.org 2012 – in Thai). However, if the catastrophe were, in fact, more localized pluvial 4 

than centralized fluvial, would the impacts have been much less dire if the upstream dams had 5 

stored more water during the wet season, particularly after August of 2011? 6 

To address this burning question, we revisited the operations of the two dams in three 7 

consecutive years: 2009, 2010, and 2011, specifically the storage progression, inflows, and 8 

outflow curves of Bhumibol and Sirikit dam reservoirs were collected and analyzed (Figure 6). 9 

The two dams, named after the country's His and Her Majesty: King Bhumibol and Queen 10 

Sirikit, are situated in two different river basins (Ping and Nan respectively). On a yearly basis, 11 

both reservoirs would see their storages continuously drawn down from January to April. This is 12 

typical for summer seasons (Figures 2A and B). Of particular interest is how 2009 and 2010 saw 13 

back-to-back historical droughts, which resulted in both reservoirs reaching their dead storage 14 

levels (thaiwater.net, 2011, 2019a and b – in Thais). By the end of May, the two reservoirs 15 

started to see their storage curves picking up the rising limbs and achieved their respective 16 

operational zones (between URC and LRC) on May 31st for Bhumibol and June 27th for Sirikit. 17 

These were far earlier than the two previous years, during which the two dam reservoirs could 18 

not reach their respective LRC by October. In fact, the storage curve of the Sirikit reservoir in 19 

2009 did not even reach the LRC level (Figure 6A and B). This was the very first sign of 20 

abnormalities in 2011. 21 

Geographically, between the two mega structures, Sirikit is more prone to the risks from ocean-22 

emerged extreme weather conditions. The 2011 flood event is a testament to this. This is even 23 

more critical as the storage capacity of Sirikit reservoirs is approximately 30 % less than the 24 
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reservoir on the Ping river. So even if the Sirikit reservoir had been able to store an additional 1 

2,500 million m3 (equivalent to the operational storage), the volume of floodwaters could have 2 

only been reduced by 2%. Nevertheless, in the 2011 flood event, the Sirikit dam was constantly 3 

hit by the tropical storms: firstly by Haima in late July, followed by Nokten in late August and 4 

then the trio of Haitang, Nesat, and Nagael in late September. The monsoon troughs arriving 5 

intermittently between these cyclones increased the inflow dramatically (Figure 6D), quickly 6 

filling up the reservoir, thereby forcing the dam operators to maximize its outflows while having 7 

to open the spillway for dam safety from early August until the middle of October (Figure 6B).  8 

Unaffected by Haima in June, Bhumibol only encountered the first storm – the Nokten – one 9 

month later. Between July and August, while the Sirikit dam was being struck by the first 10 

cyclone, discharge from the Bhumibol dam reservoir was still restricted. This was partly due to 11 

little demand for water downstream. With the larger storage capacity, the dam operator should 12 

have had more flexibility, and there was no reason not to believe so because, by August, the 13 

Bhumibol reservoir had only been 63% full compared to 80 % of Sirikit. If this additional storage 14 

had been used to store the floodwaters, the total volume would have been reduced by another 15 

3%. However, by the end of August, when Bhumibol operators decided to increase the outflows,  16 

they could only do so in a restricted manner due to the already severe floods in the Upper CPR 17 

sub-basin (See SI Figure 1 - August). The situation continued to rapidly exacerbate in the 18 

following month until, ultimately, dam operators were forced to maximize the outflow of the 19 

Bhumibol reservoir and open the spillway to avoid dam failure. But this was not until September 20 

(Figure 6A). 21 

Collectively, even if the two reservoirs had stored more water, the total volume of floodwater 22 

channeled to the lower CPR would have only decreased by approximately 5%. In other words, 23 

even if dam operators were armed with more accurate weather forecasts, the lower CPR would 24 
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have experienced an essentially similar level of flooding and damages regardless, simply 1 

because the main flooding source was local rainfall and not water from the river. It should be 2 

underscored here that others such as Komori et al. (2012) might contend against our estimation 3 

by positing the following: the volume of floodwaters would be reduced if water from the dams 4 

had been released sooner, even if it meant inundating immediate downstream areas. For 5 

instance, Mateo et al. (2014) or Jamrussri and Toda (2017 estimated that the two reservoirs 6 

combined could have reduced up to 20% of the flood extents. However, it should be noted that 7 

these speculations were done based on numerical modeling, while our results were based 8 

explicitly on observational data. Nevertheless, the debate over an accurate percentage is not 9 

the goal of this study. Moreover, re-investigating the operations in 2011 in comparison with the 10 

two consecutive hydrological years have shown that the operating decisions at every specific 11 

point of time were understandable.  12 

Storm surges could also possibly become a source of floodwater in the lowland areas around 13 

Bangkok during the cyclone. However, the lowermost gauge station (i.e., C.7A) that we 14 

analyzed in this study is around 100 km upstream from the Gulf of Thailand. Given this large 15 

distance, it would be implausible for water from the storm surge to reach that far upstream to 16 

contribute to the flooding.  17 

 18 
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 1 

Figure 6. Operation curves of Bhumibol (A and B) and Sirikit (C and D) reservoirs in 2009, 2 
2010, and 2011. A and C: The curves of volume progression and discharges from the reservoirs 3 
are represented by solid lines, color-coded by the year. The black dashed lines depict the upper 4 
rule curve (URC) and the lower rule curve (LRC) designed for two reservoirs. The scales of the 5 
volume curves follow the primary (left) axes, while the discharges from the reservoirs follow the 6 
secondary (right) axes.  B and D: The orange and blue outlined callouts show the periods of 7 
tropical storms and the monsoon troughs, respectively.  8 

 9 

4. Summary and Remarks 10 

In this paper, we revisited the Great 2011 Thailand flood in the Chao Phraya River (CPR) and 11 

identified its root cause. This was achieved by analyzing hydro-meteorological data from several 12 

gauge stations across the CPR basin. This study has a significant advantage over previously 13 

published works in that we were able to access new data sets that were originally off-limits 14 
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during the time of the event. This allowed us to contribute to existing conceptual understandings 1 

on the causes of the catastrophic flood. 2 

Specifically, by decoupling the flood water sources (river overflow versus local rainfall), we 3 

found that most of the floodwater along the lower CPR was contributed by the local precipitation 4 

(73.7%), almost three times the contribution from the river discharges (27.3%). This goes 5 

against the conventional belief thus far, that the overflow of the river was the main culprit of the 6 

catastrophe. Most of the hydrographs of the CPR tributaries peaked around early-mid October 7 

in 2011, which is significantly short given the geographical distances between the stations. This 8 

suggests that these temporally-concentrated peaking patterns of discharge across the vast 9 

basin was related to the role of the local precipitations during the flood. In addition to relying on 10 

the operations of the large reservoirs to regulate the basin-scale flows (Tebaraki et al. 2012), 11 

perhaps, decentralized retrofitting responses to handle pluvial flood risks could be worth 12 

exploring (Loc et al. 2015, Loc et al. 2017, Nguyen et al. 2019).  13 

With specific respect to the operations of the two upstream reservoirs, the gauge station data-14 

driven reasoning of this paper has proved that even if more water had been stored in the 15 

upstream dams – due to better rainfall predictions – it would have done little to ameliorate the 16 

magnitude of flooding. In the case of the Sirikit dam, which encountered the first cyclone one 17 

month earlier than the Bhumibol and had a smaller storage capacity, the operators therefore 18 

were left with very little options. 19 

Large rivers in Southeast Asia have always played a vital role in people's livelihoods in many 20 

aspects, such as providing hydro powers, water for irrigation, and transportation. In fact, 21 

seasonal floods from the major rivers in Southeast Asia play an indispensable role in feeding 22 

water and sediments to the agricultural production in lowland regions (Dang et al. 2011; Dinh et 23 

al. 2012; Park et al. 2020). The extreme floods, however, can cause extensive loss of life and 24 
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property and are becoming increasingly prevalent in Southeast Asia (Garbero and Muttarak, 1 

2013). Most of the major cities in this region with the largest population growth rates are located 2 

on a floodplain, thereby rendering them highly vulnerable to flood disasters from the rivers. The 3 

general association of floods with overbank flow created overwhelmingly pressures for the river 4 

managers, especially during the aftermath of flood events, even though other factors which also 5 

can be comparable relevance could have escaped the spotlight. This paper has provided such a 6 

case-in-point in that whilst the contribution of precipitation to flooding has been widely 7 

recognized, their role in flooding events has always been prematurely regarded to be minor 8 

(e.g., Kesel, 2003; Mohapatra and Singh, 2003; Yin and Li, 2001; Park and Latrubesse, 2017; 9 

Park, 2020). By re-analyzing one of the most catastrophic flood events in Southeast Asian 10 

history, we have established how local rainfall can be the primary source and cause of flooding 11 

in the lower reach of a river. We expect that the findings of this paper will help improve our 12 

understanding of the complex mechanisms of flood in large river basins with the hope that this 13 

novel insight will encourage a critical re-evaluation of our conceptual understanding of the role 14 

of precipitation in flooding.  15 
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