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ABSTRACT  
 

Thailand had largest scale of flood event in year 2011. The main reasons were 

due to 143% of rainfall volume more than average in the past twenty years and 

five typhoons attacked since June in the same year. It was estimated the total 

damages and losses from 2011 Thailand floods were amounted to USD 46.5 bill ion 

(The Ministry of Finance, 2012). The main objective of this research is to analyze 

flood condition at midstream of Chao Phraya River Basin to understand if 

controlling flooding in midstream would able to mitigate downstream flooding. 

Midstream is an even and flat area. It is the location whereby confluence of Nan 

River and Yom River, and confluence of Nan River and Ping River occurred. Since 

it  is an area that has confluence of the rivers and surrounded by higher elevations, 

it is prone to high risk area to be flooded. Furthermore, most of the freshwater 

swamp forests in midstream had been removed entirely and changed into a plain 

for rice paddies, urban areas and industrial estates. These might accelerate 

seriousness of the flood in Bangkok. This research applied two methodologies, 

which are GIS technologies and Hydrodynamic Simulation Model to estimate 

flood inundation depth and flood inundated volume occurred. Results were 

validated with field measured flood marks and streamflow data from Royal 

Irrigation Department (RID). Furthermore, the land use changes were discussed to 

learn if it affected flood impact to downstream. In order to propose suitable flood 

countermeasures, flood control scenarios were simulated for three rivers to study 

if controlling flooding in midstream would able to ease flood condition in 

downstream. Subsequently, simulated flood control scenarios were used to 

understand its effect in minimizing loss estimation of paddy field. 

In Chapter 1, the background, problem statements, research objectives, and 

research scope were explained.  Literature reviews were summarized in 

Chapter 2 and it helped to understand there were many studies focused on 

downstream of Chao Phraya River Basin as it brought huge damages in this area. 

However, it is important to study on midstream to understand the causes of flood 

generation and impact to downstream. In addition, there was lack of studies 

focused on land use changes to understand if it affected flood condition. 

A post-analysis on 2011 Thailand flood event was done using streamflow data 

obtained from RID and it was clarified in Chapter 3. Streamflow data of 

observation stations in midstream of Chao Phraya River Basin were compared. It 

i i i  
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showed flood peak period happened from September 21 to October 30, 2011. Total 

flood inundated volume of 1,300 mill ion m3 exceeding the harmless streamflow 

limit, which was 4,000 m3/s, at observation stations near to starting of Chao 

Phraya River. Research group conducted field survey on flood marks and 

interview with residents from September 27 to 30, 2012. There were eight 

measured flood marks used for data validation. Besides, interview results showed 

flood did not bring serious impact to residents in midstream as they built 

high-floored houses. The calculations of flood inundation depth and flood 

inundated volume using GIS also explained. Results showed possibilities to 

prevent the excessive streamflow capacity and the flooding damage in downstream 

if flood inundated volume of 0.7 bill ion m3 were controlled in midstream (upper 

and middle reaches). 

MIKE FLOOD, which able to simulate flood condition were used to simulate 

2011 Thai flood generation and discussed in Chapter 4. Parameters of rainfall, 

cross sections, streamflow, and bathymetry were prepared using GIS. Validation 

with flood marks surveyed showed good agreement. The flood distribution on 

October 15 also similar with flood extent of RID. The result was then compared 

with GIS calculated results. Subsequently, the relationship between land use and 

flood condition was analyzed. The Root-Mean-Square Error on flood inundation 

depth for GIS result and simulated result were 2.22 and 1.66 respectively. The 

Relative Root Mean-Squared Error for streamflow at observation stations near 

to starting of Chao Phraya River was less than 1.4. There were some error 

propagation effects between observed and simulated results caused by l imitation 

of data and variable parameters such as various artificial structures, micro 

topography, variables of rainfall volume, lacking of cross sections along rivers, 

which have possibilities to affect the dynamics of flood wave, particularly when 

the flood depth became low. Evaluation between GIS calculated result and 

simulated results showed MIKE FLOOD could simulate the past event and 

estimate the future flood for risk reduction. 

Flood control at midstream of Chao Phraya River Basin was demonstrated in 

Chapter 5, particularly on Nan River, Yom River and Ping River. Initially, nine 

cases were simulated and compared to understand its effect of flood control in the 

consideration of streamflow and flood distribution coverage. Evaluation on nine 

cases showed controlling at one river only was insufficient. Ultimately, two kinds 

of flood control cases were recommended. Case 4a controlled the streamflow at 

iv  
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1.1 BACKGROUND  

 

In 2011, Thailand floods affected sixty-six provinces in the country. Storm haima hit the 

northern regions in June, which brought 128% of the average rainfall. Haima was quickly 

followed by tropical storm Nock-Ten in July and August. It caused 150% of the average rainfall 

for both months. When rains slowed slightly, storms continued to hit the country from the north 

to the east and caused rainfall remained above average throughout September and October, 

which were 135% and 116% respectively. The accumulated water from months of storms and 

above average precipitation resulted in the flooding of the central regions (The Ministry of 

Finance, 2012). 

 

The water drained slowly from the north downstream to the central plains in the Chao Phraya 

River Basin, eventually reaching Bangkok in early November. The period of September 14 to 

October 3 had ten major flood control systems breached (The Ministry of Finance, 2012). Based 

on numbers of provinces affected, the peak of flooding was in late August, and the most serious 

impact happened when over 50% areas of Bangkok were flooded in mid of November.  

 

It was estimated the total damage and losses from 2011 Thailand floods was amounted to USD 

46.5 billion. Most of the damage impacted to industrial estates and private sector. Based on the 

announcement of the government, total people affected by the floods were 2,484,393 (as of 

October 2011), there were 446 deaths (as of November 2011) (The Ministry of Finance, 2012). 

 

Floods, recovery and reconstruction activities were carried out with the support from home and 

abroad. In addition, investigation and research were being carried out to study the cause of floods, 

developmental processes and the plan for flood control by not only Thailand research institutes 

but including Japan overseas research institutes. 
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1.2 PROBLEM STATEMENTS  

 

The Chao Phraya River has the largest river basin in Thailand, with total drainage areas of 

approximately 157,924 km2 covering about 35% of the nation. In the past, the low land areas of 

the Chao Phraya River delta had been designated as freshwater swamp forests approximately 400 

km north to south and 180 km wide (Wongsa, 2013). Flood happened annually in Thailand, the 

flood on 2011 has resulted in serious impact to Bangkok city.   

 

Nakhon Sawan is considered an even and flat area. It is the location whereby confluence of Nan 

River and Yom River, and confluence of Nan River and Ping River occurred. Flood condition in 

Nakhon Sawan area, which is the midstream of Chao Phraya River Basin needs to be analyzed in 

order to understand the best flood measurement for Thailand.  

 

Limited studies were conducted on the midstream of Chao Phraya River Basin. Oki (2012) 

clarified and analyzed on the flood damage in the downstream of Chao Phraya River Basin. 

However, flood condition of midstream was not clarified in details. Kwak et al. (2012) estimated 

total flood volume in Chao Phraya River Basin by using modified remote sensing indices to 

near-real-time Moderate Resolution Imaging Spectroradiometer (MODIS) images and flood 

inundation level (FIL) model with the Digital Elevation Model (DEM). It studied flood condition 

using static method. However, this research would use Geographic Information System (GIS) 

and hydrodynamic simulation method to understand the flood condition. 

 

Most of the freshwater swamp forests been removed entirely and changed into a plain for rice 

paddies, urban areas and industrial estates (Wongsa, 2013) These changes accelerated 

seriousness of the flood in Bangkok. Therefore, land use changes of Nakhon Sawan area would 

be discussed.  
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important for both fisheries and agriculture. In the Nakhon Sawan area between Nakhon Sawan 

and Chainat, the geographic condition is characterized by a narrow valley plain with a number of 

isolated mountains. In this area, inundation of water was caused by overland flow from upstream 

and overstepping from the Chao Phraya River. The inundation water widely spreads and some of 

the water was detained in the area while some flow downstream as overland flow. Since Nakhon 

Sawan is an area that has confluence of the Ping River and Nan River, on top of that surrounded 

by higher elevations is prone to high risk area to be flooded.  

 

 

Fig. 1.1 Chao Phraya River Basin. 
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1.5 THESIS STRUCTURE 

 

The thesis consists of seven chapters and is briefly described as Fig. 1.3 shown. 

Chapter 1 explained the background, problem statements, research objectives, and research scope.  

It clearly defined objectives of this research and stated the location of research area. 

 

Chapter 2 summarized the literature reviews that have been done for this research. Some of 

topics were covered such as flood related case studies on risk and hazard analysis, simulation 

modelling, damage and losses, and reports on 2011 Thailand flood includes recommended 

countermeasures. 

 

Chapter 3 explained the post-analysis on 2011 Thailand flood event using streamflow data 

obtained from Royal Irrigation Department (RID), and result of interview and flood marks 

measurement from survey in study area. Furthermore, the methodology of flood volume 

calculation using GIS was explained as well. 

 

Chapter 4 detailed the methodology of modelling approach. Results of flood simulation done 

with Hydrodynamic model MIKE FLOOD were validated with measured flood marks. It was 

then compared with results calculated from GIS method.  The relationship of land use and Flood 

condition had also been analyzed. 

 

Chapter 5 discussed flood control at midstream of Chao Phraya River Basin, particularly focused 

on Nan River, Yom River and Ping River. Flood volume and flood distribution were compared 

to assess the effect of flood mitigation. Ultimately, two kinds of flood controls were 

recommended. 
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Chapter 6 analyzed the economic impact on paddy field using both result from simulated model 

and GIS method. Results were compared with World Bank report. Scenarios of flood control 

recommended in Chapter 5 were used to assess the reduction of losses for paddy field. 

 

Chapter 7 evaluated the findings of the study, discussed and summarized on the results of 

analysis, then provided some recommendations for further research. 

 

 
Fig. 1.3 Description of Thesis Structure. 
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2.1 FLOOD MANAGEMENT  

 

2.1.1 Risk and Hazard Analysis on Flood Event 

 

Flood risk management is the process of data and information gathering, risk assessment, 

appraisal of options, and making, implementing, and reviewing decisions to reduce, control, 

accept, or redistribute risks of flooding. Integrated flood risk management explicitly recognizes 

the interrelationships between all risk management measures, and their analysis, costs, and 

effectiveness, within changing social, economic, and environmental contexts. It could be helped 

by improving access to data and models, sharing and communicating risk analyses, involving a 

wider range of stakeholders, and coordinating risk management actions. (Hall et al., 2003) 

 

Concept of flood risk and management is divided into three levels, the operational level, which is 

associated with operating an existing system, a project planning level, which is used when a new, 

or a revision of an existing project is planned, and a project design level, which is embedded into 

the second level and describes the process of reaching an optimal solution for the project. (Erich, 

2002) 

 

Flood hazard assessment in Bangladesh using Image data from the National Oceanographic and 

Atmospheric Administration (NOAA) Advanced Very High Resolution Radiometer (AVHRR) 

with GIS has been done about ten years ago. In order to estimate the flooded area accurately, the 

images taken during the food and dry season which were classified into water and non-water 

categories were superimposed (Islam et al., 2000). As a result, a new food hazard map, created 

from the land cover category and elevation height data were ranked by flood affected frequency. 

It could be used to evaluate food risk using only remote sensing data and elevation height data. 

Thus, researchers were using varies of satellite imagery to classify type of land use in order to 

further assess on flood risk and hazard. 
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(Thumerer et al., 2000) assessed flood risk on east coast of England. In order to analysis the 

flood risk, a polygon topology was generated for management units using fifty  elevation 

contours. As areas of land below 5 m elevation were particularly vulnerable to coastal flooding, 

this distance elevation approached to construct polygonal data structures. It aimed to 

compromise between the need for area-based calculations and the requirement. In order to 

predict damage costs of a flood event, it was necessary to estimate the financial values of the 

assets in each management unit. Therefore, land use classified 25 m resolution Landsat TM data 

provided by the Environment Agency was used. The Landsat data was overlaid with the 

management unit boundaries to estimate the area of different land uses within each management 

unit. Financial values were then attributed to the land uses. Fig 2.1 shows the map created. 

 

(Van at el., 2003) classified IKONOS-2 imagery and produced land cover mapping to improve 

flood risk assessment using LISFLOOD flood plain model and high resolution digital elevation 

model (DEM) in 25 m or 50 m horizontal grid. The total estimated damage for the study area 

was calculated by using combined information from the flood extent map, the water depth of 

flooding period, which produced by the LISFLOOD simulation model, the IKONOS-2-derived 

land cover map and the depth-damage curves from the literature. Damage functions were related 

only to water depth, although flood damage was controlled by various other variables. As a result, 

an indicative map presenting the estimated damage for 1995 flood event was produced for the 

study area on the basis of land cover, water depth extracted from the LISFLOOD model and by 

known relations between water depth and property damage. This kind of map was useful 

information for decision makers and insurance companies. A sample created map is shown in Fig. 

2.2. 

 

(Nkeki, 2013) assessed the spatial impact of the October 2012 flooding of the Niger-Benue basin 

on the surrounding areas using the moderate resolution imaging Spectroradiometre (MODIS) 

data of NASA Terra satellite. Subsequently, it used a geospatial methodology for detecting and 

extracting the flood risk areas and the vulnerable population to flooding within the basin has 

developed. Risk analysis involved the determination of the population exposed or susceptible to 
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a particular hazard. Elemental factors of flood exposure, such as the topographical, hydrologic 

structure and population distribution were taken into consideration. It used buffer to create low 

risk, medium risk and high risk area with the buffer zone of 20 km, 13 km and 6 km. With the 

information of population, it created a new layer for flood risk magnitude. The weakness was 

overlay method did not considered overall population that is affected. Thus affected population 

in each administrative area was calculated in percentage and update in attribute table. As a result, 

summary of flood risk analysis by magnitude was produced and it showed that the methodology 

of flood risk detection developed in this study was effective and suitably applicable to identify 

the flood vulnerable areas and estimate the population at risk along the Niger-Benue basin. Some 

results of research are shown in Fig. 2.3 and Fig 2.4. 

 

 

Fig. 2.1 Annual flood risk for baseline scenario. 
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Fig. 2.2 IKONOS-2 derived land cover map for the Borgharen study area. 

 

 
Fig. 2.3 MODIS image of Nigeria (2012) showing the flooded area along the Niger-Benue River.  
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Fig. 2.4 Flood risk detection of Nigeria along the Niger-Benue basin by magnitude of high 

medium and low risk areas.  

 

 

 

2.1.2 Flood Simulation Modelling 

 

In this research DHI product MIKE FLOOD was used for the flood simulation. MIKE FLOOD is 

the combination of MIKE 11 and MIKE 21, a hydraulic numerical modeling software tool, in the 

specific formats for the hydrodynamic modelling. 

 

MIKE 11 is a professional engineering software package for the simulation of flows, water 

quality and sediment transport in estuaries, rivers, irrigation systems, channels and other water 

bodies. It is user- friendly, fully dynamic, one-dimensional modeling tool for the detailed 

analysis, design, management and operation of both simple and complex river and channel 

systems. The Hydrodynamic (HD) module is the nucleus of the MIKE 11 modelling system and 
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forms the basis for most modules including Flood Forecasting, Water Quality and others. The 

MIKE 11 HD module solves the vertically integrated equations for the conservation of continuity 

and momentum such as Saint Venant equations (DHI, 2012) 

 

In MIKE 11, there is NAM (Nedbør-Afrstrømnings-Model) Rainfall-Runoff model. It is a 

lumped, conceptual rainfall-runoff model, simulating the overland, inter-flow and base-flow 

components of catchment runoffs as a function of the moisture contents in four storages. It 

includes a number of optional extensions, including an advanced snow melt routine and a 

separate description of the hydrology within irrigated areas. There was a study deals with Layang 

River rainfall runoff estimation using MIKE 11 NAM model (Shamsudin at el., 2002). The 

calibration and validation procedures were carried out to provide a satisfactory estimation. The 

runoff discharges were simulated for a 12-year period (1988-2000). The simulated peak flow 

occurred in 1992 and 1995 with approximate values of 20. 94 m3/s and 18. 93 m3/s respectively. 

The optimum values of the model parameters obtained during the calibration procedure were 

presented. The reliability of MIKE11 NAM was evaluated based on the Efficiency Index (EI) 

and Root Mean Square Error (RMSE). The EI and RMSE obtained during this study are 0.75 and 

0.08 respectively. 

 

The MIKE 21 model system is based on a 2-dimensional hydrodynamic modeling scheme that 

can be used to simulate water levels, tides and flows in 2 dimensions. The MIKE 21 model uses 

a finite difference scheme (a grid type approach) to the solution of the hydrodynamic and wave 

equations. DHI Water and Environment, previously Danish Hydraulics Institute has continuously 

developed the model for over the last 30 years (DHI, 2012). 

 

A MIKE 21 hydraulic model was developed to assess the risk of inundation to the proposed 

development from flooding in Eskilstuna, Sweden. Hydrologically corrected digital elevation 

models (DEM) in ARC/INFO GIS. Other relevant databases such as real estate, buildings, and 

river channels were topologically corrected and attributed for analysis (Yang, 2002). These data 
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were then used to prepare inputs to MIKE 21, and the outputs from MIKE 21 were then 

transferred back to GIS for visualization and analysis. Snapshots at desired time steps and 

animations were generated in both the GIS and MIKE 21 software. ARC/INFO GIS was used for 

data preparation, integration and analysis, and ArcView GIS was used to assist visualization for 

end users. Field measurements were carried out to validate the hydrologic settings and assess the 

accuracy. 

 

The major problem with MIKE 21 in this study was the model stability or blow-up problem. The 

model stability was affected by too many factors such as boundary conditions, bed resistance 

(Mannings number), Courant number (spacing and time steps) and flooding/drying specifications. 

Great care and time need to be taken to carefully choose all these factors. Additionally, the best 

represents the river and have a stable run of model (a lower Courant number), is cell size of 100 

m which reasonably represents the river and achieves stable model runs in most cases. Based on 

( Connell at el., 2001), comparison between 2D modelling hydro2de with 1D modeling MIKE 11 

showed the better DTM would provide a better result. 

 

MIKE FLOOD is a dynamically linked one-dimensional and two-dimensional flood modelling 

package. MIKE FLOOD is the integrated flood modelling package for rivers (MIKE 11), 

overland flow (MIKE 21). This combination ensured maximum flexibility by allowing users to 

model some areas in 2D detail, while other areas can be modelled in 1D (DHI, 2012). 

 

MIKE FLOOD could be linked in several ways as explained in the following. In this research, 

lateral link was chosen for coupling. A lateral link allows a string of MIKE 21 cells to be 

laterally linked to a given reach in MIKE 11, either a section of a branch or an entire branch. 

Flow through the lateral link is calculated using a structure equation or a QH table. This type of 

link is particularly useful for simulating overflow from a river channel onto a floodplain, where 

flow over the river levee is calculated using a weir equation (Fig. 2.5). 
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Patro at el., 2009 studied calibrating and validating a coupled 1D-2D hydrodynamic model, 

MIKE FLOOD for simulating the flood inundation extent and flooding depth in the delta region 

of Mahanadi River basin in India. The calibration and validation results of MIKE 11 showed that 

the model performs quite satisfactorily in simulating the river flow for the delta region of 

Mahanadi River basin. The calibrated local values of friction coefficients (n) range from 0.037-

0.045 and the global value was found to be 0.05. The performance of the coupled 1D-2D 

hydrodynamic model, MIKE FLOOD in simulating the flood inundation extent was also found to 

be satisfactory. The simulated flood inundation pattern using MIKE FLOOD was in reasonable 

agreement with the observed pattern of flood inundation obtained from the remote sensing 

imagery. The differences in model simulated water levels as well as the inundated areas might be 

attributed to the fact. In its study, details of structures like barrages, escapes in the downstream 

end of the rivers, road and railway networks, and canal as well as drainage network were not in 

consideration. Incorporation of these elements was expected to improve the results. 

 

A distributed watershed model combining kinematic wave routing, 1-D dynamic channel-flow 

routing, and 2-D diffusive overland-flow routing has been developed to simulate flooding and 

inundation levels of large watersheds (Chang at el., 2000). The study watershed was linked to a 

GIS database and was divided into an upstream mountainous area and a downstream alluvial 

plain. A flooding/inundation analysis was conducted for the Taichung station and the Woozi 

depot (Taiwan High Speed Rail). Suggested inundation-proofing measures including raising 

ground surface elevation of the station and depot, building a waterproofing exterior wall, and 

their combination were investigated. Verification through GIS method was used (see Fig. 2.6). It 

was concluded that building the waterproofing exterior wall had a strong tendency to decrease 

peak inundation depth. Return period of 100 years and 200 years had been done. The model has 

capability for the analysis of flooding due to bank overflow and inundation caused by excess 

rainfall. 
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These was another research works on impact of grid size in GIS based flood extent mapping 

using a 1D flow model. It used DEM resolution of 25 m, 10 m, 5 m and 2.5 m for 1D modeling 

and calculated 200 year and 500 year flood event (Werner, 2000). 

 

There were also researches related with flood simulation model, one of them was a study that 

assessing the hierarchical flood-defense systems on the plain areas of Taihu basin, China. This 

study approached to simulate the flooding processes, which integrates hydrological and hydraulic 

modelling with dike-reliability analysis and socioeconomic information within a GIS platform. 

Scenario analysis indicates that the modelling was particularly sensitive to the assumed rainfall, 

dike reliability, and the pump capacities within local polders. The model was validated by 

comparison with observations from historical flood records. Results of analysis reveal the 

defence systems had significantly reduced the basin-wide flood risk and changed the spatial 

distributions of floodwater. 

 

In analysis, two questions were focused. (1) If the floodwaters were directly derived from the 

historical flood maps without considering the rainfall and hydrological processes, how much 

would the current defence systems affected the flood damages and distributions? (2) If using the 

hydrological and hydraulic models to simulate the flood processes based on the historical rainfall 

data, under the current defence systems, what were the expected flood distributions and risks? 

(Yu, et al., 2012) To address the first question above, the method was to derive flood volumes 

and depths directly from historical flood maps and matched the flood boundaries and the 

elevation contour lines to estimate floodwater levels on the maps, and then using the DEM data 

to calculate the flood depth for each DEM grid cell. To address the second question, hydrological 

and hydraulic modelling was integrated with the GIS for dynamic simulation of the rainfall, 

water levels, floodwater volumes, as well as the distributions of damages (Fig. 2.7). 
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Fig. 2.5 Coupling between MIKE 11 and MIKE 21 using lateral links. 

 

 
Fig. 2.6 Model Verification: (a) Simulated Results; (b) Surveyed Inundation Zones. 
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Fig. 2.9  Comparison of water depths predicted by the 25 m resolution steady state raster model 

to air photo and SAR-derived shorelines for a portion of the model domain downstream 

of the Borgharen gauging station.  

 
Fig. 2.10 Froude number distribution on the Lesse River near Han-ur-Lesse for the flood of 

January 3, 2003 - Discharge of 150 m3/s. 
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There was also a micro-scale flood risk analysis based on detailed 2D hydraulic modeling and 

high resolution topographic and land use database. The flow model was based on the shallow-

water equations, solved by means of a finite volume scheme on multi-block structured grids. 

Using highly accurate laser altimetry (LIDAR), the simulations were performed with a typical 

grid spacing of 2 m, which was fine enough to represent the flow at the scale of individual 

buildings. Consequently, the outcomes of hydraulic modelling constitute suitable inputs for the 

subsequent exposure analysis, performed at a micro-scale using detailed land use maps and 

geographic database. Eventually, the procedure incorporates social flood impact analysis and 

evaluation of direct economic damage to residential buildings (Julient at el., 2010). 

 

In research of micro-scale flood risk analysis, it mentioned four steps that included there 

components of risk, namely hazard, exposure and vulnerability.  

1. Flood hazard identification: using a number of different river discharge values, of known 

return periods, 2D hydraulic modelling was performed to provide detailed inundation 

characteristics; 

 

2. Exposure evaluation: flow characteristics were combined with high resolution land use data to 

evaluate the exposure, i.e. (1) identified the affected assets for each return  period, both in terms 

of affected people and affected buildings or facilities and (2) assigned inundation characteristics 

(mainly water depth) to each affected asset; 

 

3. Assessment of social vulnerability and risk: considering the social vulnerability of affected 

people, the inundation characteristics enable to reduce the social impacts for each return period 

and thus the social risk; 
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for annual estimates of damages. Analysis such as RGB colour-composite and image colour 

composite were done using ILWIS software. The analysis results clearly showed that the Graben 

area was potentially at greatest flood vulnerability, while along the Horsts had lower flood 

vulnerability. 

 

Analysis of vulnerability of flood hazard based on land use and population distribution in Huaihe 

river basin, China was studied. This research analyzed the spatial extent and temporal pattern of 

flood inundation with the application of time-series Moderate Resolution Imaging 

Spectoradiometer (MODIS) Normalized Difference Vegetation Index (NDVI) composite data 

products with the spatial resolution of 250 m (Zheng al et., 2008). Based on the result of flood 

inundation mapping, it able to identify the people at risk vulnerable to flooding, and derived the 

distribution of population affected by flooding (see Fig 2.13). Flooded area was identified by 

eliminated of background water body. The affected population distribution was mapped and 

population at flood risk in the whole basin could be estimated. Overlay analysis and buffer 

analysis were used to derive spatial distribution of people at risk to flood hazard by combining 

with demographic data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.13 Location of population affected by flood. 
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of flooding. The obtained results were validated against data from historical floods in the basin. 

There was research includes precipitation, hydrologic basins and runoff water dynamic into 

hazard map. (Karagiozi et al., 2011) studied the final production of the Flood hazard map of 

Laconia, Greece. Flood hazard was estimated using the relief geometric characteristics in the 

study area and hydrologic basins. The main steps of methodology were discussed. First, it 

calculated a value indicating the basins and sub-basins energy level, which was determined by 

precipitation height, precipitation volume and pace of transformation of runoff water dynamic 

energy to kinetic, in relation to the nearest basin outlet and minimum altitude of the basin. Then, 

it interpolated the calculated values throughout the study area and creation of a basin energy grid, 

created a slope grid and finally combination of the basin energy grid with the slope grid, for the 

creation of the final hazard map (Fig. 2.14). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.14 Flood hazard maps for each factor. 
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2.2  CHAO PHRAYA RIVER BASIN  

 

2.2.1  Geographical Conditions 

 

The Chao Phraya River Basin has the catchment area of 162,000 km2 composed of eight rivers: 

Ping, Wong, Yom, Nan, Chao Phraya, Sakae Krung, Pa Sak and Tha Chin. The Chao Phraya 

composed of three areas: Highlands (upstream), Upper Central (midstream) and Lower Central 

Plain (downstream) (CTI, 2013). The highlands are mostly covered by forest. The current forest 

area in the highland is about 66,000km2, of which 13,500km2 is classified as degraded forest by 

the Royal Forest Department. Therefore, disasters caused by landslide, flash flood, slope failure, 

and surface erosion had increased. There are vast low-lying areas in the upper and lower Central 

Plains, which are contributing as natural retarding basins in rainy season, but also important as 

agricultural areas in the dry season. The low-lying area located at Yom River and Nan River. 

These are vital area for agriculture use in dry season.  The low-lying area at downstream is 

located along the Chao Phraya River, Noi River and Lop Buri River between Chai Nat to 

Ayutthaya. The area also has the function as flood retarding basin in the rainy season, but mostly 

used as agricultural area in the dry season.  

 

Bhumibol Dam (reservoir capacity 13.5 billion m3, catchment area 26,000 km2, built in 1964) 

was constructed on the Ping River, and the Sirikit Dam (reservoir capacity 9.5 billion m3, 

catchment area 13,000 km2, built in 1974) was constructed on the Nan River. Both dams are used 

for irrigation and power generation. There were another five dams have been constructed for the 

Ping, Wang, and Nan River watersheds, contribute a total the total reservoir capacity to 24.7 

billion m3. There was a plan to construct Kaeng Sua Ten River Dam (reservoir capacity 1.15 

billion m3), but yet to be constructed (Komori, 2012). The Chao Phraya River converges with the 

Sakae Krang River (watershed area 5,000 km2) from the right bank between Nakhon Sawan and 

the Chao Phraya Dam (built in 1957) in the downstream area. The Chao Phraya Dam was 

constructed 96 km south of Nakhon Sawan. Chao Phraya River converges with Pa Sak River 

(watershed area 14,300 km2) at Ayutthaya area. The Pa Sak River Dam (capacity 960 million m3) 

was constructed in 1999. There were also two dams (capacity of 409 million m3) built on the 
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right bank of the Tha Chin River. Rivers in Thailand are generally gently sloped rivers, 

particularly rivers in the location of midstream. Historically, Thailand government sectors had 

considered advantage of these gentle rivers to control flooding of the Chao Phraya River. 

Flooding was controlled by storing water in the dam reservoirs in the upper watershed of it, and 

by expanding the flood area to decrease the floodwater level in the lower watershed. Since the 

gentle gradient of its watershed caused slow flood flow, flooding seldom causes huge damage to 

human. The flood inundation level was generally less than 0.5 m. 

 

Rainy season (May to October) and dry season (November to April) are two main seasons at 

Chao Phraya River Basin. The total rainfall during 2011 rainy season was 1,439 mm, which was 

143% of the average rainy season rainfall from 1982 to 2002. Additionally, there were five 

typhoons landed Thailand in 2011. The annual average number of typhoons from 1951 to 2011 

was 1.5. There were only three times of five typhoons happened in Thailand, which were in 1964, 

1971 and 1972. The prevalence of typhoons had strongly influenced the rainfall in 2011 (Komori, 

2012). 

 

 

 

 

2.3 THAILAND FLOOD SITUATION  

 

In 2011, flash floods began affecting some areas in upper Thailand from mid-May. The influence 

of the active southwest monsoon and monsoon through that spans northern Thailand resulted in 

heavy rainfall occurring at many locations during June. Tropical depression Haima led to heavy 

rainfall in several areas, especially in the north, where flash floods and landslides were reported 

in some areas during late June. Downpours continued in many areas in late July. In addition, 

tropical depression Nock-Ten moved into the area of Nan province on July 31 before weakening 

into a low pressure cell covering northern Thailand. This brought heavy rain to several areas, 

resulting in widespread flooding in the north and northeast  Thailand (Wongsa, 2013). 
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Many areas in the north, central and northeast had wet conditions caused by the active southwest 

monsoon and the other active monsoon trough from August to September. Massive flooding 

persisted mainly in lower northern and central areas. When the late rainy season occurred in 

October, the northeast monsoon prevailed over Thailand. Meanwhile, the monsoon trough 

moved from southward to span central Thailand. It brought occasional rainfall. Therefore, 

precipitation accumulated from January to October 2011 was 35% higher than the average 

annual rainfall. Seasonal rainfall from May to October 2011 was 20-60% above average for most 

of the meteorological station in the north.  

 

The flood peak at Observation Station (Obs.) C2 in Nakhon Sawan province was 4,686 m3/s, 

which was not the largest flood peak. Total yearly runoff was 52,961 million m3/s, as opposed to 

the average yearly runoff of 23,140 million m3/s. From the beginning of the season to the late 

June, small amount of water was needed and no necessary to drain water from the two major 

dams. However, the water level in the Sirikit dam was higher than the normal retention water 

level from August to mid of September.  This forced the opening of emergency spillways to keep 

the dam safe during Haima and the monsoon trough. In the same period, Bhumibol dam outflow 

was increased, but restricted by flooding in the lower Nan River and upper central areas. 

Subsequently, there was a high flow from mid of September to early November, and outflow was 

reduced after mid of October because flood waters were still higher than the normal outflow. 

Therefore, it was necessary to release flood water by using emergency spillways in the Sirikit 

and Bhumibol dams respectively (The World bank, 2011). 

 

 

 

 

2.3.1 Reports on 2011 Flood  

 

The University of Tokyo conducted a survey on Thai flood from November 4 to 10, 2011. The 

study area focused in middle area of downstream of Chao Phraya River. The purpose was to 

clarify the factor of flood and grip the situation of disaster site and flood fighting activity. In the 
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report, it stated inundation situation at Bangkok happened in November, 2011. Basin area 

included confluence of some rivers, such as Ping River, Wang River, Yom River, and Nan River 

at Nakhon Sawan. The return period of flood occurrence in Bangkok was about three years. The 

latest were 1983, 1995 and 2011. Situation of 2011 precipitation was over average precipitation 

from 1982 to 2002 (May to October). Maximum precipitation that recorded in 2011 was in July 

and September. Fig. 2.15 shows the total amount of precipitation over May- October is 143% of 

21 years average precipitation (Komori, 2011). 

 

The basin rainfall was calculated by Voronoi diagram using Thai Monitoring Department (TMD) 

observation data. There were five typhoons affected in Thailand, which were Haima (June 21 to 

25), Nock-Ten (July 26 to 31), Nesat (September 24 to September 30), Haitang (September 25 to 

27), Nalgae (September 27 to October 5). Dams Inflow increased from the beginning of July to 

end of October. Both Sirikit Dam and Bhumibol dam contacted 10 billion m3 in early October. 

Capacity of Sirikit Dam was 9.51 billion m3 and Bhumibol Dam was 13.462 billion m3. 

Referring the inundation area by satellite observation, it was observed the Yom River flood 

occurred at the confluence of Nan River and Yom River, where was in downstream of Sirikit 

Dam. 

 

Flood accumulated in industrial parks in upstream Ayutthaya, flooded industrial parks were 

located on the left bank. There were eight levees broken on the left bank from middle to end of 

September. Estimation of flood volume from Nakhon Sawan to Ayutthaya was more than 5 

billion m3 inflow to floodplain on the left bank. Referring to the geomorphological map of flood 

damage, many of the industrial parks were located in back marshes or lagoons surrounded by 

natural levees.  It would take time to drain the flood water off since this area was a depression 

surrounded by a natural levee. 
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before and during the floods. However, it was difficult to observe the condition of the ground 

surface for densely built-up or tree-covered areas. The surface temperature was effectively 

detected flooding in a wide open space like airport runways although it was limited by its coarse 

spatial resolution.  

 

Comparing the histograms of pre-flood and during-flood NDVI values, a threshold value of 

NDVI for water body was determined. As a result, the transition of flooded areas could be 

extracted properly from the ASTER VNIR images. However, the seasonal change in vegetation 

and the temperature conditions of water, air and land surface materials should be properly 

considered in order to determine the threshold values for flood extraction. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2.16 Extraction of flood areas for estimating flood volumes using integrated MLSWI and 

FIL data during October18-25, 2011. 
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2.4 RECOMMENDED COUNTERMESURES  

 

Overall, approximately 90% of damage and loss from floods were borned by the private sector. 

Strengthening flood management through integrated water resources management (IWRM) was 

a key step toward water management for consumption, production use and disaster risk 

management related to droughts, floods and tropical storms. The total concept was, upstream 

area: storing water (management of water in reservoirs), midstream area: retarding the water 

(management of water in rivers and floodplains - called monkey cheek) and in downstream area: 

draining the water (management of water drain to the sea). Key structural recommendations for 

flood management prioritize the immediate rehabilitation of hydraulic assets and an increase in 

drainage capacity. Undertaking a design review of critical flood embankments, and immediately 

carrying out dam safety reviews were integral to ensuring the safety of flood control structures 

going into the next rainy season.  

 

Nonstructural measures were also recommended, such as a single command center, effective 

early warning systems and afforestation. The Thailand Government and the Water and Flood 

Management Committee (WFMC) were offering THB 300 billion worth of projects to private 

firms in return for proposals on sustainable water management and flood-prevention systems. 

The WFMC office started handing out terms of reference documents to attract companies. These 

projects would be divided into fourteen major projects - eight located in the Chao Phraya River 

Basin and six projects situated in six other river basins. Projects covered rehabilitation plans for 

reservoirs, canals, water sluice gates, emergency response plans, water retention areas, water 

diversion, town planning, and the establishment of new organizations such as a water resources 

ministry (Wongsa, 2013). 

 

In December 2011, The Strategic Committee for Water Resource Management (SCWRM) 

formulated the Thailand Master Plan on Sustainable Water Resource Management. The main 

goal was to promote sustainable economic growth by reducing flood risk and exploiting 
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floodwater as water resource through proper Flood Management. Flood management policy by 

Thailand government in this Master Plan has six principle elements as listed: 

1. To integrate all of the activities implemented by the respective organizations concerned 

in the whole river basin. 

2. To maintain a harmonious balance between flood control and water utilization. 

3. To control inundation. 

4. At the planning stage of countermeasures, to seek the best mix of structural and 

nonstructural countermeasures. 

5. At the ordinary operation stages, to set the proper operation rules for flood control 

facilities and land use regulations with due consideration on extreme events. 

6. At the emergency stage, to fulfill the responsibility of each individual, community, 

private firm, NGO and governmental organization. 

 

Element four in the list elaborated methodologies principles of disaster prevention and mitigation 

are not to locate the residents or industries in dangerous places, to counter the inundation 

phenomena by implementing disaster prevention facilities and to evacuate from hazardous areas 

before disaster occurred. There three counter measurements supplement each other and best mix 

of structural and nonstructural measures was to be sought (CTI, 2013). 

 

 

 

 

2.5 CONCLUSIONS 

 

In Chapter 2, details of studies on flood, river conditions at study area, reports on 2011 Thai 

flood and recommended countermeasures were explained. These reviews helped to enhance 

current research and provided guidelines on research methodologies in order to achieve research 

objectives. 
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3.1 POST-ANALYSIS ON 2011 THAILAND FLOOD EVENT  

 

3.1.1 Data Preparation 

 

In order to obtain daily streamflow of the flood inundation range for calculating flood inundated 

volume, inundation data disclosed by the Thailand government were organized. Data were 

obtained from the Thailand Flood Monitoring System, Royal Irrigation Department (RID). Data 

were free of charge, but there were some nonpublic periods and limited data, usable data were 

only about half of all data received. Fig 3.1 shows locations of streamflow data from Observation 

Station (Obs.) at Nakhon Sawan. Obs. C2 located near Chao Phraya River immediately after the 

confluence of the Ping River and Nan River (downstream of Nakhon Sawan). Obs. C13 (Chao 

Phraya dam) was about 100 km downstream from the Obs. C2. Obs. P17 located near Ping River, 

about 30 km from Obs. C2, and Obs. P7A located near upstream of Ping River, about 100 km 

from Obs.C2. Furthermore, Obs. N67 located immediately after confluence of Nan River, and 

Obs. N7 was about 90 km north of Obs. N67.  In addition, Y17 was near the Yom River. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1 Locations of streamflow observation station (Obs.). 
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Fig. 3.4 Eight IP used for validating calculation results. 
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3.1.3 Factors, causes and Characteristics of Flood 

 

Based on the results from field survey and interview, characteristics of flood event were 

displayed. Fig. 3.5, Fig. 3.6 and Fig. 3.7 show time series variations in flood inundation data in 

Nakhon Sawan in 2011, represented August 8, August 16 and September 21 respectively. These 

showed that Yom River and Nan River flooded in the upper reaches in Nakhon Sawan at the 

beginning of August. It was then flowed down and reached Nakhon Sawan in the middle of 

August, expanded gradually and peaked on September 20. This was in good agreement with 

interview results of local areas. Based on flood marks investigation result, an estimation of 1 m 

as the inundation depth was used to estimate the flood inundated amount as 2,500 million m3 at 

the peak period (lacking data from September 20 and 21) in the Ping River and Nan River area, 

which was about 100 km upstream from Nakhon Sawan. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.5 Flood condition on August 6, 2011. 
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Fig. 3.6 Flood condition on August 16, 2011. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.7 Flood condition on September 21, 2011. 
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3.1.4 Analysis of Streamflow data 

 

Fig. 3.8 compares the streamflow of the lower reaches of Nakhon Sawan, located at Chao Phraya 

River (Obs. C2) with the total streamflow amount of the Obs. P17 and Obs. N.67. From late 

August to early December, the total streamflow at Obs. P17 and Obs. N67 fell below the 

streamflow of Obs. C2. In a streamflow comparison among Obs., if streamflow of the lower 

reaches exceeded streamflow of the upper reaches without flowing into any branch rivers, flood 

waters has possibility flows into lower reach Obs. from others river channels. Therefore, it was 

estimated that floods occurred in upstream of Obs. P17 and Obs. N67, then flowed out of river 

channels and reflowed in the river downstream from the floodplain. 

 

Fig. 3.9 shows a comparison between the flow amount data of Obs. P7A and Obs. P17. It was 

almost no difference to be seen between streamflow of upstream Obs. P7A and downstream Obs. 

P.17, thus flood amounts from Ping River were in minor influence. The streamflow of Obs. P7A 

exceeded Obs. P17 at Nakhon Sawan after flood peak, from October 2 to 13.  The total 

calculated flood inundated amount between Obs. P7A and Obs. P17 was about 460 million m3. 

This amount fell far below the 10% of the total flood amount of 6,300 million m3 of Yom River 

and Nan River. This amount was considered minor influence for the flood amount rate in the 

neighborhood of Nakhon Sawan. 

 

Fig. 3.10 shows the total streamflow of Obs. Y17 and Obs. N7 (before confluence of Yom River 

and Nan River) and the streamflow of the Obs. N67 (after confluence of Yom River and Nan 

River). It was confirmed the total streamflow at upstream Obs. Y17 and Obs. N7 far exceeded 

the flow amount of the downstream Obs. N67 from early August to late October. In other words, 

more floods occurred in the upstream Yom River and Nan River before confluence of both rivers. 

The total streamflow at Obs. Y17 and Obs. N7 began to exceed the streamflow of Obs. N67 on 

August 2, reached its maximum amount in late September and maintain the same amount until 

October 29. The difference of flood inundated amount between them was about 6,300 million m3 

from August 2 to October 29. This was about 40% from the total flood inundated amount 17,000 
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million m3 at Nakhon Sawan (PWRI, 2008). Therefore, flooding occurred between the Yom 

River and the Nan River before their confluence were seemed to be largely affected flooding 

condition at Nakhon Sawan.  

 

Fig. 3.11 shows a comparison between the streamflow at Obs. C2 and the flow amount at Obs. 

C13, which is located 100 km south of Obs. C2. While the flood in Nakhon Sawan reached its 

peak from September 21 to October 25, the harmless streamflow limit of 4,000 m3/s was 

exceeded at Obs. C2 and the streamflow at Obs. C13 reached its peak on September 21. Total 

flood inundated volume exceeding the harmless streamflow limit at Obs. C2 was about 1,300 

million m3 from September 21 to October 25 (shown in blue, Fig. 3.11). 

 

The above results combined in Fig. 3.12 show the streamflow comparison among Obs. of Chao 

Phraya River, Ping River, Yom River and Nan River. The focused period started from September 

21 to October 25. This was peak period where harmless streamflow limit was exceeded at Obs. 

C2 (shown in yellow, Fig. 3.12). Blue shows the flood returned amount between Obs. C2 and the 

upper reaches about 30 km from it (Obs. P17 and Obs. N67). There was about 4,000 million m3. 

In addition, green indicates the flood amount between Obs. N67, Obs. Y17 and Obs. N.7, which 

was about 2,800 million m3. In other words, the flood returned amount in the lower reaches 

exceeded the flood amount in the upper reaches by 1,200 million m3. This represented that part 

of the flood volume around study area existed before September 20 was returned. This flood 

returned amount of 1,200 million m3 was equivalent to nearly 1,300 million m3 that flowed down 

to Obs. C2 and above its harmless streamflow limit . Flood returned has stemmed from flooding 

before September 20 and it greatly affected the excessive of the harmless streamflow limit at Obs. 

C2 from September 21 to October 25. 

 

These discussions raised the possibility that if flood returned was adjusted by letting flooding 

occur in upper reaches at an early stage, the streamflow above the harmless streamflow limit at 
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Obs. C2 would be reduced simultaneously. Subsequently, flood expansion in lower reaches 

would be minimized. 

 

 

 
Fig. 3.8 Comparison of streamflow data between Obs. C2 with combination of Obs. P17, and 

Obs. N67. 

 

Dates 
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Fig. 3.9 Streamflow data at Obs. P7A and Obs. P17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.10 Total streamflow data at Obs.Y17, Obs. N7 and Obs. N67. 

Dates 

Dates 
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Fig. 3.11 Streamflow data at Chao Phraya Obs. C2 and Obs. C13. 

 

 
Fig. 3.12 Streamflow data for Chao Phraya River, Ping River, Yom River and Nan River. 

Dates 

Dates 
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3.2 CALCULATION OF FLOOD INUNDATED VOLUME USING GIS  

 

3.2.1 Data Preparation 

 

The inundated area was too wide and it was impossible to obtain all the inundation depth data. 

When referring to data of RID with flood extent, it was unable to obtain the flooding time, but 

coverage of area could be used to calculate flood inundated volume. Fig. 3.13 shows the basic 

concept to create water surface and calculate flood inundation depth by using flood extent area 

data from RID and elevation data from DEM. Shuttle Radar Topography Mission (SRTM) was 

used as DEM data. Data of SRTM-3 (3 seconds about 90 m meshes), SRTM-30 (30 seconds 

about 900 meshes) and SRTM-1 (1 second about 30 m meshes, within United States) were free 

to download.  This research used SRTM-3 as elevation data. Data (N14E099hgt, N14E100hgt, 

N15E099hgt, N15E100hgt, N16E099hgt and N16E100hgt) were downloaded from USGS 

website. Streamflow data for Obs. located at upstream and midstream of Chao Phraya River 

Basin were obtained from RID. Locations of flood marks used for validation are shown in Fig. 

3.4.  

 

 

 

 

 

 

 

 

Fig. 3.13 Concept of the calculation for flood inundation depth. 
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Fig. 3.22 Error of inundation depth in raster. 

 

 

 

 

 

 

 

 

 

Fig. 3.23 Final GIS calculated result for inundation depth after Spline interpolation. 
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Fig. 3.24 Flood distribution of calculated result on August 6, 2011. 

 

 

 

 

 

 

 

 

 

 

Fig. 3.25 Flood distribution of calculated result on September 21, 2011. 
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Fig. 3.26 Flood distribution of calculated result on October 15, 2011. 

 

 

 

3.2.4 Data Validation and Discussion 

 

The results of inundated depth calculated in GIS method needed to be validated.  In order to 

validate those results, field survey data of flood marks measurement was used. The maximum 

inundation depth value from the GIS calculated result was used to compare with field data. Some 

locations of flood marks were noticed as flood location when field survey was conducted at 

Nakhon Sawan in the end of September, 2012. However, those locations were not included in 

coverage of polygon data provided by RID. Thus, measured flood marks in those areas were 

categorized as out of scope, and could not be used to validate GIS calculated result. 

Consequently, there were sixteen flood marks measured but only eight flood marks were within 

the area covered by RID data. 
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These eight flood marks were used to validate raster of inundated depth calculated in GIS. Fig. 

3.27 shows location of eight flood marks measured in Nakhon Sawan and Fig. 3.28 shows the 

results of comparison between field survey and GIS calculated result, the inundation depth 

values were mostly consistent except No.5, which was Bung Boraphet. It was a natural 

freshwater lake located at the south of Nan River, and beginning of Chao Phraya River. The 

difference of inundation depth was affected by the water level of Bung Boraphet during 

measurement. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.27 Location of flood marks at study area. 
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Fig. 3.28 Comparison of inundation depth between field survey and GIS calculated. 

 

 

 

 

3.3 ESTIMATION OF FLOOD INUNDATED  VOLUME  

 

3.3.1 Time Series Changes of Flood Inundated Volume 

 

In order to understand the scale of flooding in different times, it was necessary to evaluate time 

series variation of flood inundated volume. In this study, flood inundated volume was estimated 

from GIS calculated result with RID data. It was calculated using mean value of inundation 

depth in raster with area obtained from data provided by RID. The time series variation of flood 

inundated volume for the subject area is shown in Fig. 3.29. As data obtained from RID was 

limited, a fixed interval between dates of data could not be made. Therefore, interval of 
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calculation was chosen from seven to ten days. Based on obtained results, it was understood the 

flood increased slowly in August and reaching its peak on September 21 then decreased, which 

was same with the responses received by interview during field survey and streamflow condition 

of Obs. C13. From September 21 to October 30, decrease of nearly 1 billion m3 could be seen in 

Fig 3.29. It was similar to the 1.3 billion m3 that over harmless streamflow limit at Obs. C2 in the 

same period as mentioned in section 3.1.4. Thus, there was possibility that this amount of 

volume flowed from midstream to downstream and affected streamflow at Obs. C2 exceeded its 

capacity. However, these flood volume spread to surrounding area after went through Obs. C2, 

particularly east side of Bangkok city and resulted in flood volume decreased gradually after 

September 21 at Obs. C13. 

 

 

Fig. 3.29  Time series change of flood storage volume. 
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3.3.2 Countermeasures and Discussion 

 

Time series changes of flood inundated volume in midstream shown the possibilities of storing 

flood inundated volume in midstream could ease the flood condition downstream area. To study 

in detail, subjected area had been divided into three sections, upper, middle and lower reaches 

(see Fig. 3.30). 

 

Fig. 3.31 shows the time series variation of flood inundated volume from September 20 to 

October 30 in three sections. Flood inundated volume in upper reach decreased gradually. 

Besides, decrease rate of flood inundated volume in middle and lower reaches was relatively 

mild.  Flood inundated volume in middle reach has the highest value than flood inundated 

volume in upper and lower reaches. Flood inundated volume from upper and middle reaches 

flowed out from river channel to flood plain in close proximity, and then it flowed into lower 

reach. It affected flood volume in middle and lower reaches excess streamflow capacity, causing 

inundation occurred at surrounding area of Obs. C2. Therefore, if flood volume decreased 

gradually in upper reach and it would decrease slowly in middle and lower reaches. Furthermore, 

it was understood 0.4 billion m3 flowed from upper reach and 0.3 billion m3 flowed from middle 

reach to lower reach from September 21 to October 30. These amounts should be stored before 

reaching lower reach. Consequently, if flood volume of 0.7 billion m3 flowed from upper and 

middle reaches to lower reach could decrease, it would reduce flood volume exceeded its 

capacity at Obs. C2 simultaneously. 

 

The amount of inundated volume could be stored in middle reach or upper reach to ease the 

flood condition in lower reach. This result was compatible with action plan for management of 

major water reservoirs and assigning water retention as proposed in Thailand Master Plan (CTI, 

2013). The 0.7 billion m3 could be stored by modifying the operation of large reservoirs in the 

upper river basin,  or constructing potential water storage in the middle or upper river basin area. 

It is important to improve capacity of existing reservoir located at midstream of Nan River and 

Yom River as it has possibilities to mitigate flood condition in Thailand. 
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Results from this research has shown the flood inundated volume in middle reach has highest 

value than upper and lower reaches from late September to late October, 2011, which was the 

peak of flooding period. GIS tools help to estimate total flood inundated volume to be stored in 

midstream effectively. Agriculture area in midstream has capacity to store flood volume 

temporarily and has potential to ease the severity of flood at downstream. The land use planning 

in Nakhon Sawan to be given attention for future flood mitigation measures use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.30 Subjected area for estimating flood storage volume is divided to 3 sections. 
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Fig. 3.31 Time series change of flood storage volume at upper, middle and lower reaches. 
 

 

 

 

3.4 CONCLUSIONS 

 

Based on the streamflow data obtained from RID, it was understood that flooding of the Yom 

River and Nan River has a significant impact in the midstream flood. Using the GIS method of 

calculation, a decrease of nearly 1 billion m3 happened in midstream from September 21 to 

October 30. This amount was similar with the flood returned amount of 1,200 million m3. Flood 
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storage volume analyzed in time series changes in midstream shown the possibilities of storing 

flood inundated volume in midstream could ease the flood condition downstream area. By 

controlling the flood inundated volume about 0.7 billion m3 in midstream (upper and middle 

reaches), there are possibilities to prevent the excessive streamflow capacity and the flooding 

damage in downstream. It is recommended to conduct simulation of flood condition at study area 

in order to have more accurate estimation for flood volume and inundation depth. The simulated 

results are able to use for validate GIS calculated results in this study. Consequently, different 

conditions of flood control will be simulated and analysed in future research to understand 

effectiveness of proposed counter measurements. 
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4.1 INTRODUCTION  

 

In order to simulate the 2011 Thai flood event, MIKE 11 was used as 1D modelling system for 

rivers in study area. MIKE 21 was used as 2D modelling system for free-surface flows for 

floodplains. Finally, both 1D and 2D were coupled in MIKE FLOOD using lateral links to 

simulate two dimensional inundation extents and flood condition.  All the data were prepared 

using GIS before simulation started. After simulation in MIKE FLOOD was performed, the 

results were transformed in the GIS for further calculation and analysis on the flood condition. 

The illustration of the process is shown in Fig. 4.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.1 Process of combination between GIS and Hydraulic Modelling. 

 

 

 

 

 


















































































































































































