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บทคัดย่อ 
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การศึกษาระหว่างน ้าท่วมและน ้าใต้ดิน ดังนั นจึงท้าศึกษาขั นต่อไปเพื่อประเมินผลกระทบของขนาด
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Abstract 

Flood can cause wide range of destruction. On the other hand, it contributes to 

groundwater resource. In the dry season, when surface water is not available, 

groundwater is extracted for drinking, irrigation, industrial and other uses. This study 

evaluated the relationship between flood and groundwater using a mathematical model. 

Spatial resolution is important in studying the interaction between flood and 

groundwater; therefore, this study further evaluated the effect of grid size on simulation 

results. The coupling of mathematical models, i.e. river routing, overland flow, and 

groundwater flow model were used to assess the grid size effects on inundation and 

groundwater in the Lower Mekong River basin, Cambodia. Digital Elevation Map 

(ground surface level) was extracted by using GIS with grid sizes of 250, 500 and 1000 

m, respectively. The model parameters of grid size 90 m was used as a reference value. 

Calculations were performed for flood, overflow and inundation flows for several flood 

events from January to December 2000. Results showed that grid size affected 

inundation area and groundwater storage. The inundation area and groundwater storage 

in September were estimated as 4514 km2 and 59.11 km3, 4844 km2 and 61.32 km3; and 

6230 km2 and 64.79 km3 for 250m, 500m, and 1000m grid resolution, respectively. 

Changes of flood magnitude influenced groundwater resource during flood period in all 

simulation regard less of grid sizes. Average inundation depth and area increased as grid 

and cell-sizes increased along with average groundwater level and groundwater storage. 
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CHAPTER 1 INTRODUCTION 

1.1 Background and problem 

Grid-base model are now widely used in simulating floodplain inundation, rainfall-

runoff and other hydrological process which operate by assign single value for each 

raster cell to represent model parameter and input/output variables. In the development 

of models, many modelers increase spatial resolution (number of cell) to improved 

temporal and spatial process. However the spatial resolution affects the solution of the 

equation and simulation results. The relationship between model space/time resolution 

and simulation outputs is important to develop hydrological model. A high-resolution 

model will also be advantage when small scale processes have a significant effect on 

model prediction, for example where inundation extent is controlled by small 

topographic features such as dykes, levees and ditches. However reduction of grid size 

also means considerably more computational time and increase in the work involved in 

data collection and processing. 

Inundation areas are the most important role in the hydrological cycle and water 

resources in the South East Asia. Although annual floods cause destruction of resources, 

Some South East Asia countries traditionally used good water from inundation for 

utilization such as irrigation, fish habitat and natural groundwater recharge. Floodplain 

areas have been developed for paddy fields that coexist with flooding. Since 

groundwater resources are recharged from flooding water in large inundation areas 

during flood period which have dry seasons with severe water resource issues, can store 

water as groundwater. People can utilize the stored groundwater not only for drinking 

but also for irrigation, fish culture, industry and other activities in the dry period. 

Therefore, development of groundwater resources as a potential source of water for dry 

season will be an important issue in the floodplains. 

The Mekong River is one of the largest inundation areas in the South East Asia. The 

Mekong River is an international river and its basin spreads over six South East Asian 

countries. Evaluation of groundwater resources in inundation areas during annual 

flooding and determining the recharge of groundwater resources in flood periods will be 

important issues in groundwater development activities in the Lower Mekong Basin. 

Flood and inundation analysis in the Mekong delta have been made with various 

numerical methods. Most studies focus on the lower part of Mekong River in Vietnam; 

few studies exist on the Cambodian part of the Mekong due to lack of available data. 

There are no studies to evaluate the effects and changes of inundation areas on the 

society and economy in terms of water resources. 

 

 

 

 

 

 

 



 
 

                                   

1.2 Research Objective 

1) Determine the variation of groundwater resources over inundation areas located in 

Cambodia, in the Lower Mekong river basin 

2) Study about effect of grid size (250m, 500m and 1000m) to estimated inundation area 

and groundwater resource in Lower Mekong river basin. 
 

1.3 Scope of this research work 

This research investigates the hydrodynamic in the Lower Mekong River basin and 

estimated the water level at Phnom Penh to calibration and verification model. This 

research includes estimate inundation area and groundwater storage in this study area.  

The study area is Lower Mekong River basin. The duration of simulation covers the 

largest flood period in Cambodia (January to December 2000). 
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CHAPTER 2 LITERATURE REVIEWS  

AND STUDY AREA 
 

2.1 Literature Reviews 
 

2.1.1 Mekong River Basin 

 
The Mekong river basin is one of the largest inundation areas in Southeast Asia.The 

Mekong river flows through China, Myanmar, Laos, Thailand, Cambodia, and Vietnam 

into the South China Sea counted for 4,200 kilometers long. As common in 

international river basins, the development of the Mekong River Basin is highly 

controversial, and is one of the most prominent components in the discussion about the 

river and its management. Integrated planning for efficient watershed management is 

hampered by the difficulties of coordinating between riparian states with diverse and 

often conflicting needs. This debate occurs in both the academic literature, as well as the 

media, and is a focus for many activist groups. 

 

Joakim (2000) provided an empirically based study of International River Basin 

management in order to contribute to the global policy debate on water resources 

management and the role of water in the development process. The thesis reviews the 

recent ‘water management’ debate and a number of theoretical positions on the topic. 

Three empirical case studies of water management are conducted on regional (including 

Thailand, Laos, Cambodia and Vietnam), national (Cambodia), and local level (eight 

villages in Southeast Cambodia) in the Lower Mekong River Basin. The empirical base 

is researched through a combination of quantitative and qualitative methods, where 

semi-structured interviews are complemented by local level surveys and reviews of 

official documents. The thesis proposes that regional cooperation in contrast to 

statecentrism, and ‘alternative’ in contrast to ‘mainstream’ policies, hold greater 

chances to contribute to development without triggering destructive conflicts in the 

process. The conclusions reached support that proposition and argue that the 

‘alternative’ approach in combination with a regional perspective represents the best 

option for contributing to development. However, several qualifications need to be 

added to the idea of ‘alternative’ methods if it is to be a viable approach in this context. 

 

Kazama and Sawamoto (2002) studied on the change of inundation area by flood 

control, and irrigation area estimated from reserved water using a numerical simulation 

in the lower Mekong. This study show that the decrease of inundation area caused by 

flood control is much smaller compared with potential irrigation area. Although 

decrease of inundation area influence agricultural land, that can be made up for by 

irrigation. However it is hard to prevent inundation of floodplain even if there is large 

scale water control system. 

 

Evelyn (2004) studied on the regional security implications of resource development on 

the Lancang Jiang. This study focuses on China's plans for hydropower development on 

its portion of the upper Mekong basin (Lancang Jiang) and their ecological, political 

and economic implications for Southeast Asian riparian. It shows that the economic 

imperative prevails among all riparian states, and that China and other countries tend to 

confine their cooperation to infrastructural development rather to consultation or 

management of potential adverse trans boundary impacts of upstream development. 

 



 
 

                                   

 
 

Dushmanta, et al. (2007) studied on A two-dimensional hydrodynamic model for flood 

inundation simulation (a case study in the lower Mekong river basin) using a modeling 

system with a one-dimensional river flow model and a two-dimensional surface flow 

model to simulate flood inundation. The model has incorporated detailed information 

about urban terrain features like embankments, roads, bridges, culverts, etc. in the 

simulation. A geographical information system (GIS) - based comprehensive raster 

database of different spatial data layers is prepared and used in the model development. 

An explicit solution scheme is used for numerical computation, which considerably 

reduces the run time and makes the model suitable for use as a flood warning system in 

a large river basin. 

 

Mira (2008) studied on "Mekong Delta at the Crossroads: More Control or Adaption". 

He state that agricultural production has developed successfully, and economic growth 

has been very rapid, but on the other hand, intensifying agriculture and large-scale 

water-control structures have challenged the environmental sustainability and social 

equity. The development plans have included a strong belief in the human mastery over 

the nature and waters of the Mekong Delta. In many cases, water resources planners 

have underestimated the complexity and integrated nature of the ecology and 

livelihoods of the Mekong Delta. This study examines cases where development efforts, 

while successful in some dimensions, have also contributed to create new risks for, 

especially, the poorest groups. The current situation calls for a more sustainable future 

route that would require examination of more adaptive measures in relation to the 

changing water flows of the Mekong River. 

 

Kummu, et al. (2013) presented water balance analysis for the Tonle Sap Lake. The 

Tonle Sap Lake of Cambodia is the largest freshwater body of Southeast Asia, forming 

an important part of the Mekong River system. The lake has an extremely productive 

ecosystem and operates as a natural floodwater reservoir for the lower Mekong Basin, 

offering flood protection and assuring the dry season flow to the Mekong Delta. In light 

of the accelerating pace of water resources development within the Mekong Basin and 

the anticipation of potentially significant hydrological impacts, it is critical to 

understand the overall hydrological regime of Tonle Sap Lake. We present here a 

detailed water balance model based on observed data of discharge from the lake’s 

tributaries, discharge between the Mekong and lake was modeled with the EIA 3D 

hydrodynamic model. We found that majority (53.5% ) of the water originates from the 

Mekong mainstream, but the lake’s tributaries also play mainly controlled by the water 

level in the Mekong mainstream. The Tonle Sap system is hence very vulnerable, from 

a water quantity point of view, to possible changes in the Mekong mainstream and thus, 

development activities in the whole Mekong Basin. From a biogeochemical point of 

view, the possible changes in the lake’s own catchment are equally important, together 

with the changes in the whole Mekong Basin. Based on our findings, we recommend of 

continuing the monitoring in lake’s tributaries and urgently starting of groundwater 

measurement campaign within the floodplain, and including the groundwater modeling 

to be part of the hydrodynamic models applied for the lake. 
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2.1.2 Surface water and groundwater interaction 

 
Despite the fact that water resources and development plans aim to control the annual 

floods, to reduce inundation areas and to reduce flood damages in the Mekong Delta, 

those plans have been affected and changed the hydrological balance on the society and 

economy. In order to discuss the validity of development activities in the region, one 

must determine both how much water amount can be stored in the upstream dams or 

reservoirs to control the floods as well as how the control of inundation areas affects the 

groundwater resources in the area. 

 

Bejranonda, et al. (2001) presented surface water and groundwater dynamic interaction 

models as guiding tools for optimal conjunctive water use policies in the central plain of 

Thailand. Many irrigation projects in the central plain of Thailand are not capable of 

providing sufficient surface water for the cultivation of rice, which is the major cash 

crop for Thai farmers. To overcome this surface water deficiency, which has been 

exacerbated in recent years by climate change, groundwater is increasingly being used 

for irrigation. Thus, large sections of agriculture lands have been converted to 

conjunctive water use regions. While conjunctive water use may be a suitable option to 

overcome the temporary water shortage on a short-term basis, it may pose a particular 

threat to the overall water resources in the long term, if not properly managed. As a 

remedy, conjunctive water management is basically a toll to optimize productivity, 

equity, and environmental sustainability through simultaneous management of surface 

water and groundwater resources. As of now, such a comprehensive approach has been 

not yet employed in the upper Chao Phraya basin of Thailand, and the present study is 

one of the first of this kind. The study region is the Plaichumpol Irrigation Project (PIP) 

where conjunctive water use has become indispensable for meeting the increasing water 

requirement for farming. To get a first grip on the issue, water demand, supply and 

actual use in the study area were investigated for the purpose of providing possible 

guidelines for optimal water exploitation. A numerical groundwater model with a 

special module for simulating surface-groundwater interaction was applied in the PIP 

area to understand the impact of the farmer’s irrigation behavior on the dominant 

hydrological processes that determine the seasonal and multi-annual water availability 

in the irrigation area. A set-up of different agricultural water allocation schemes that 

depend on the local weather conditions and the regional management rules are 

examined by the numerical models. The results of the simulation provide adaptation 

guidelines for the proper management of the conjunctive water resources, namely, 

optimal water utilization. The numerical results for the surface groundwater in particular 

indicated that while the irrigation canals recharge water to the aquifer during both dry 

and wet season, small amounts of discharge from the aquifers to the canals occur only 

during the wet season. The analysis of the groundwater also showed that the present 

available groundwater potential is not fully exploited by the farmers, especially during 

the dry periods of surface water shortage. In contrast, the adoption of an optimal 

conjunctive management scheme would ensure extra water availability for additional 

annual rice crops in the region. 

 

Shah (2006) studied on groundwater and human development: challenges and 

opportunities in livelihoods and environment. Global groundwater use has increased 

manifold in the past 50 years; and human race has never had to mange groundwater use 

on such a large scale. Sustaining the massive welfare gains groundwater development 
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has created without ruining the resource is a key water challenge facing the world today. 

He offer a typology of 5 groundwater demand systems as groundwater Socio-ecologies, 

each embodying a unique pattern of interactions between socio-economic and 

ecological variables, and each facing a distinct groundwater governance challenge. A 

daunting global groundwater issue today is to apply this knowledge intelligently to by 

far the more formidable challenge that has arisen in developing regions of Asia and 

Africa, where groundwater irrigation has evolved into a colossal anarchy supporting 

billions of livelihoods but threatening the resource itself. 
 

Kazama, et al. (2007) studied on the variation of groundwater resources caused by 

flooding over inundated areas located in lower part of the Mekong River basin using 

numerical modeling and field observations. Comparing large, medium and small flood 

events, they conclude that flood control which reduces the area of inundation, results in 

a reduction of groundwater resources in the area. In 1993, a 19% reduction in 

inundation areas resulted in a 31% reduction in groundwater storage. In 1998, a 44% 

reduction in inundation areas led to a 42% reduction in groundwater storage. Thus, it 

can be concluded that while flood control activities are vital to reduce negative flood 

impacts in the Mekong River basin, they also negatively impact groundwater resources 

in the area. 

 

Rahman, et al. (2009) studied on Arsenic contamination in groundwater in the Southeast 

Asia region. They present an overview of the arsenic crisis in the Southeast Asian 

region where groundwater is contaminated with natural occurring arsenic. The study 

propose that despite investments exceeding many millions of dollars, there are still 

substantial knowledge gaps about the prevalence and impact of arsenic, notably in its 

epidemiology, temporal variations, social factors, patient identification, treatment, etc. 

Arsenic-affected people in the affected regions also face serious social problems. 

 

May, et al. (2009) presented the effects of river on groundwater in Cambodia. The 

seasonal fluctuation of surface water especially in the wide river significantly 

contributes to the change of groundwater in the aquifer system. This consequent affects 

the solute transport and biochemical processes in the system. Therefore, the water 

interaction is a key to build up the reactive solute transport model in the future study. In 

order to achieve the above objective, a two dimensional groundwater flow model 

coupled with a groundwater recharge model was applied in central and southern parts of 

Cambodia. The variation of river water elevations were taken into account in the 

modeling process. The model results confirmed the river and groundwater interaction 

that the Tonle sap River always gain the supply from groundwater at the northwestern 

mountains region and groundwater elevations raised higher than river in Bassac and 

Mekong river in dry season and vice verca in rainy season. 

 

May, et al. (2010) applied numerical simulation to highlight the effects of river flooding 

on groundwater flow. A two-dimensional groundwater flow model coupled with a 

groundwater recharge model was applied to the research area in central Cambodia. 

River level variation was included in model processes, and flood areas and periods were 

assigned. The results showed that during flooding periods, floodwater from the three 

rivers played an important role in recharging groundwater supply from the northwest, 

and levels in the Bassac and Mekong River dropped to lower than the groundwater 

level. 
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2.1.3 Effect of grid size to hydrological model 
 

Grid-base model are now widely used in simulating floodplain inundation, rainfall-

runoff and other hydrological process which operate by assign single value for each 

raster cell to represent model parameter and input/output variables. In the development 

of models, many modelers increase spatial resolution (number of cell) to improved 

temporal and spatial process. However the spatial resolution affects the solution of the 

equation and simulation results. The relationship between model space/time resolution 

and simulation outputs is important to develop hydrological model. A high-resolution 

model will also be advantage when small scale processes have a significant effect on 

model prediction, for example where inundation extent is controlled by small 

topographic features such as dykes, levees and ditches. However reduction of grid size 

also means considerably more computational time and increase in the work involved in 

data collection and processing. 

 

Bates and De Roo (2000) presented the development of a new model for simulating 

flood inundation. The model is designed to operate with high-resolution raster Digital 

Elevation Models, which are becoming increasingly available for many lowland 

floodplain river and is based on what we hypothesis to be the simplest possible process 

representation capable of simulating dynamic flood inundation. This consists of a one-

dimensional kinematic wave approximation for channel flow solved using an explicit 

finite difference scheme and a two-dimensional diffusion wave representation of 

floodplain flow. The model is applied to a 35 km reach of the River Meuse in the 

Netherlands using only published data sources and used to simulate a large flood event 

that occurred in January 1995. This event was chosen as air photo and Synthetic 

Aperture Radar (SAR) data for flood inundation extent are available to enable rigorous 

validation of the developed model. 100, 50 and 25 m resolution models were 

constructed and compared to two other inundation prediction techniques: a planar 

approximation to the free surface and a relatively coarse resolution two-dimensional 

finite element scheme. The model developed outperforms both the simpler and model 

complex process representation, with the best fit simulation correctly predicting 81.9% 

of inundated and non-inundated areas. This compares with 69.5% for the best fit planar 

surface and 63.8% for the best fit finite element code. However, when applied solely to 

the 7 km of river below the upstream gauging station at Borgharen the planar model 

performs almost as well (83.7% correct as the raster model (85.5% correct). This is due 

the proximity of the gauge, which acts as a control point for construction of the planar 

surface and the fact that here low-lying areas of the floodplain are hydraulically 

connected to the channel. Importantly through it is impossible to generalize such 

application rules and thus we cannot specify a priori where the planar approximation 

will work. Simulations also indicate that, for this event at least, dynamic effects are 

relatively unimportant for prediction of peak inundation. Lastly, consideration of errors 

in typically available gauging station and inundation extent data shows the raster-based 

model to be close to the current prediction limit for this class of problem. 

  

Horritt and Bates (2001) presented the scaling properties of a simple raster-based flood 

flow model are investigated. Model of resolution varying from 1000 to 10m are tested 

and predictions compared with satellite observations of inundated area and ground 

measurements of flood wave travel times, with a calibration strategy being used to 

determine channel friction coefficients. The optimum calibration is found to be stable 
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with respect to changes in scale when the model is calibrated against the observed 

inundation area, the model reaching maximum performance at a resolution of 100m, 

after which no improvement is seen with increasing resolution. Projecting predicting 

water levels onto a high resolution DEM improves performance further, and a resolution 

of 500m proves adequate for predicting water levels. Predicted flood wave travel time 

are, however, strongly dependent on model resolution and water storage in low lying 

floodplain area near the channel is identified as an important mechanism affecting wave 

propagation velocity. A near channel floodplain storage version of model is shown to be 

much more stable with respect to changes in scale when the model is calibrated against 

flood wave travel time, and shown to represent the retardation of the flood wave caused 

by water storage near the channel. The model cannot be calibrated to give both 

acceptable travel times and inundated area, and in this respect performance is poor. 

 

Vazquez, et al. (2002) presented discusses the application of the physically based 

distributed MIKE-SHE code to a medium size catchment using different size to 

investigate scale effect on the model results. First a 600 m grid-square model was 

calibrated. This was then subjected to a multi-resolution (MR) validation test by using 

the effective parameters of the calibrated model in 300 m and a 1200 m grid-square 

model. The MR test indicated that the models for the resolutions analyzed only differ 

marginally. Secondly, the effect of grid size on both the calibrated effective model 

parameters and the model performance was analyzed in the scope of a multi-calibration 

test in which the calibration and validation processes were kept as unique and standard 

as possible for every grid size. The model was calibrated and validated for every grid 

size against both daily catchment discharge measurement and observed water levels 

using both a split sample procedure and a multi-site validation test. The investigation 

indicated that the best validation results, in terms of river discharge, were obtained with 

a 600 m grid-resolution, independent of the stream-flow station. This, together with the 

exponential increase in computation time when reducing the grid size, indicated that, for 

the given level of data input and quality, the model type and structure, and the time step, 

a 600 m grid-resolution is most appropriate for the catchment under study. 

 

Liu, et al. (2005) presented effects of grid size on model parameters and on the 

performance of a GIS-based hydrological model intended for flood simulation is 

assesses in this paper. The WetSpa model is used to estimate runoff and flow discharge 

in the 1176 km2 Alzette river basin, Grand-duchy of Luxembourg. The GIS ArcView 

and its spatial analyst are used to extract hydrological model parameters from DEMs, 

soil and land use maps with cell size of 50, 100, 200, 400 and 800m. The value of the 

model parameter derived from the 50m data is used as the reference value, with 

estimates of model parameters of coarser resolutions compared against it. Results show 

that in this integrated model the model the grid size has a considerable effect on runoff 

and outflow hydrographs. However, coarser grid cell resolutions can be used for runoff 

simulations as long as parameters are appropriately calibrated. 

 

Schumann, et al. (2013) presented evident in recent literature that hydrodynamic 

modeling effort have moved to increasing spatial coverage while trying to preserve 

simulation accuracies at computationally efficient coarse grids (100m to several km). 

However, it is clear that there is a need to retain fine spatial resolution at large scale 

wherever possible in order to still retrieve meaningful information from models or 

indeed observations, such as identifying individual assets at risk from flooding for 

instance. Since it is currently rather impractical to model hydrodynamic across areas 
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larger than a couple of thousand km2 at a fine spatial resolution (finer than 100 m), this 

paper proposes a method to downscale coarse model simulations (model grid size of 

100 m to several km) to a fine spatial resolution. The method is mass conservative and 

uses a hydraulic 1D approach within the channel and a pseudo region-growing 

algorithm on the floodplain. Comparison to a high resolution reference model over a 

domain size much larger than those traditionally modeled showed that downscaling a 

600 m grid resolution hydrodynamic LISFLOOD-FP model to 30 m leads to average 

accuracies greater than 30 cm in water and above 90% in inundation area for a high 

accuracy digital elevation model (DEM). When employing a SRTM DEM accuracies 

were still between 0.5 m and 1.5 m for water depth but agreements in inundated area 

were much lower than 90 m, even a speed-efficient model could take over three years to 

simulate inundation patterns at that resolution for a one-year hydrograph. However, it is 

expected that the proposed downscaling method could be used to downscale 

LISFLOOD-FP model simulation run at a 3 km resolution with reasonably similar 

accuracies and at only a fraction of computational time required by the 90 m model. 

 

 

 

2.2 Precipitation 

 
Subramanya (2009, p.13) describes precipitation as "all forms of water that reach the 

earth from the atmosphere. The usual forms are rainfall, snowfall, hail, frost and dew. 

Of all these, only the first two contribute significant amounts of water. Rainfall being 

the predominant form of precipitation causing stream flow". The main form of 

precipitation is rain, water drops of sizes larger than 0.5 mm. In term of its intensity, 

rainfall can be classified as Light rain (trace to 2.5 mm/h), Moderate rain (2.5 mm/h to 

7.5 mm/h) and Heavy rain (>7.5 mm/h). Precipitation is expressed in terms of the depth 

to which rainfall water would stand on an area if all the rain were collected on it. Thus 1 

cm of rainfall over a catchment area of 1 km2 represents a volume of water equal to 104 

m3. The precipitation is collected and measured in a rain gauge. 

 

In practice, hydrological analysis requires knowledge of the rainfall over an area, such 

as over a catchment. To convert the point rainfall values at various stations into an 

average value over a catchment the following three methods are in use: Arithmetical-

mean method, Thiessen-polygon method and Isohyetal method. 

 

2.2.1 Thiessen-polygon method 

 
Thiessen method is a graphical technique assigning weight at each gauge station in 

proportion to the catchment area that is closest to that gauge. The fraction is figured out 

based on the relative area of each measurement station in the polygon network. The 

method of constructing the polygons implies the following steps: 

 

1. Rain gauges are plotted on map of the catchment area of interest. 

2. To make network of triangle, adjacent stations are connected with dot lines without 

any intercept (Figure 2.1a). 

3. Perpendicular bisectors of each line are constructed (perpendicular line at the 

midpoint of each line connecting two stations) (Figure 2.1b). 

4. The bisectors are extended and used to form the polygon around each gauge station 

(Figure 2.1c). 
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5. Rainfall value for each gauge station is multiplied by the area of each polygon 

calculated from planimeter or grid graph. 

6. All values from step 5 are summed and divided by total basin area. An example of 

spatial precipitation distribution according to Thiessen method can be appreciated in 

Figure 2.1d. 
 
 

 
 

Figure 2.1 Construction of Thiessen polygon 

         Source: Hamburg University of Technology, 2010 

 

Even though the Thiessen method is better than arithmetical-mean method because of 

its weighted area, there are several shortcomings should be considered. In wide study 

area, a little distorted data makes severe impact. Moreover, in mountainous areas, an 

irregular spatial distribution of precipitation can be formed over small distances, and for 

such circumstances the Thiessen method can yield erroneous results. Another 

disadvantage is that the polygon needs to be reconstructed if there is a change in the 

position of rain gauge. 

 

2.3 Groundwater -Surface Water Interaction 
 

2.3.1 Forms of Subsurface Water 
 

Water beneath earth's surface is called subsurface water and is considered in two 

principle zones (Figure 2.2) : 1. Saturated zone, and 2. Aeration zone. Saturated zone, 

also known as groundwater zone, is vital for underground water. This zone can be 

divided into 3 subzones: soil zone, intermediate zone and the upper part of capillary 
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fringe. Soil zone, it is accounted for the distance from the surface to 2 meters 

underground containing roots of trees and having high porosity. Intermediate depth 

depends on the deep of soil zone and capillary fringe. Capillary fringe is below 

intermediate zone filled with water due to tension saturation. Zone of Aeration, in this 

zone the soil pores are only partially saturated with water. The space between the land 

surface and the water table marks the extent of this zone. 

 

 

 

 
 

Figure 2.2 Classification of Subsurface Water 

       Source: USGS., 2014 

 

2.3.2 Groundwater and Streams 
 

The interaction between streams and ground water takes place in two basic ways: 

gaining streams receive water from the groundwater system and losing streams lose 

water to the groundwater system. Groundwater discharges into streams when the 

elevation of the water table above the streambed (Figure 2.3). Usually during dry 

period, the water table falls below the stream bed. Stream loss water to groundwater 

(Figure 2.4). Only after rainfall has replenished the groundwater supply does the water 

table rise sufficiently to intersect the streambed and resume base flow discharge. 
 

 
 

Figure 2.3 Gaining streams receive water from the groundwater system 

        Source: Environment Canterbury, 2000 
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Figure 2.4 Losing streams lose water to the groundwater system 

      Source: Environment Canterbury, 2000 

 

2.3.4 Interaction of Groundwater and Wetlands 
 

Wetlands are saturated with water either permanently or seasonally; typically occur in 

areas where ground water discharges to the land surface or in areas where ground 

conditions impede the drainage of water. They can also be constructed artificially as a 

water management tool. The interaction between groundwater and wetlands depends 

largely on the location and changed by precipitation or runoff. For situations where 

impeded drainage occurs, stream depletion effects are unlikely to be significant because 

the layer of impeded drainage is also likely to inhibit the upward transmission of any 

pumping effects. However, in areas where groundwater springs discharge into wetlands, 

the pumping from underlying aquifers can affect the amount of groundwater discharge. 

 

2.4 Hydrological Model 
 

2.4.1 Introduction 
 

Hydrology is the study of the motion of the earth's waters through the hydrologic cycle 

including water quality and sustainable use. In order to understand those features, 

hydrological models are used to simplify systems that represent real elements of the 

water system, i.e. rivers, lakes, groundwater, soil, snow. Those models can serve as 

useful tools in the investigation of the impact of natural (e.g. climate change) and 

environmental impact as a result of human activities (e.g. water withdrawals). In 

general, the three primary watershed properties governing hydrologic disturbances are 

soils, land cover and topography. Hermann (2014) said that "hydrological models can 

be applied on different scales, ranging from local to global, with the degree of 

complexity usually being dependent on the scale for which they were designed. Some 

models cover water quality or other ecological aspects". Two major types of hydrologic 

models are stochastic models and process-based models. 

 

1. Stochastic Models. These models are classified in light of complexities of spatial 

hydrologic processes (black box systems), used to represent the evolution of some 

random variables over time. Data are applied with mathematical and statistical concepts 

to transfer a certain input (for instance rainfall) to the model output (for instance runoff) 

without considering their internal workings. 
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2. Process-Based Models. These models enable us to understand the temporal 

characteristic of physical processes combining multiple and interacting features. 

Governing equations for the major hydrologic process could be done by these models. 

Usually, a complex process model consists of interconnected sub models such as 

surface runoff, subsurface flow, evapotranspiration, and channel flow, but they can be 

far more complicated than stochastic models. 

 

2.4.2 Model validation 
 

2.4.2.1 Coefficient of determinations (r2) 

The coefficient of determination r2 is defined as the squared value of the coefficient of 

the coefficient of correlation according to Bravais-Pearson. It is calculated as: 
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With O observed and P predicted values  

R2 can also be expressed as the squared ratio between the covariance and the multiplied 

standard deviations of the observed and predicted value. Therefore it estimated the 

combined dispersion against the single dispersion of the observed and predicted series. 

The range of r2 lies between 0 and 1 which describes how much of the observed 

dispersion is explained by the prediction. A value of zero means no correlation at all 

whereas a value of 1 means that dispersion of the prediction is equal to that of the 

observation. The fact that only the dispersion is quantified is one of the major 

drawbacks of r2 if it is considered alone. A model which systematically over or under 

predicts all the time will still results good r2 value close to 1.0 even if all predictions 

were wrong. 

2.4.2.2 Root Mean square error (RMSE) 

The Root Mean Square Error (RMSE) (also called the root mean square deviation, 

RMSD) is a frequently used measure of the difference between values predicted by a 

model and the values actually observed from the environment that is being modelled. 

These individual differences are also called residuals, and the RMSE serves to 

aggregate them into a single measure of predictive power.  

The RMSE of a model prediction with respect to the estimated variable Xmodel is 

defined as the square root of the mean squared error: 
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Where Xobs is observed values and Xmodel is modelled values at time/place i. 

The calculated RMSE values will have units, and RMSE for phosphorus concentrations 

can for this reason not be directly compared to RMSE values for chlorophyll a 

concentrations etc. However, the RMSE values can be used to distinguish model 

performance in a calibration period with that of a validation period as well as to 

compare the individual model performance to that of other predictive models. 

 

2.4.2.3 Nash-Sutcliffe efficiency (Nash) 

 
The efficiency (Nash) proposed by Nash and Sutcliffe (1970) is defined as one minus 

the sum of the absolute squared differences between the predicted and observed values 

normalized by the variance of the observed values during the period under investigation. 

It is calculated as: 
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The range of Nash lies between 1.0 (perfect fit) and -∞. An efficiency of lower than 

zero indicates that the mean value of the observed time series would have been a better 

predictor than the model. 

 

2.4.2.4 Index of agreement (IA) 

 
The index of agreement was proposed by Willmot (1981) to overcome the insensitivity 

of Nash and r2 to differences in the observed and predicted means and variances 

(Legates and McCabe, 1999). The index of agreement represents the ratio of the mean 

square error and the potential square error (Willmor, 1984) and is defined as: 
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The range of IA is similar to that of r2 and lie between 0 (no correlation) and 1 (perfect 

fit) 
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2.5 Study area 
 

The Mekong rivers is estimated length is 4,350 km making it the world’s 12th-longest 

river (Table 2.1).The Mekong starts in the South-eastern Himalayan Mountain and 

drains the eastern watershed of the Tibetan plateau (Figure 2.5). These rivers fall off the 

eastern rim of the plateau in a narrow geographic zone characterized by deep gorges and 

high ridges known as the Three Rivers Area. In this narrow zone the three great rivers 

flow parallel to one another in a strip of terrain some 100 km wide by 500 km long. 

Downstream of the Three Rivers Area, the courses of Salween, Mekong, and Yangtze 

diverge, so that the rivers eventually discharge into the Andaman Sea, South China Sea, 

and East China Sea respectively. 
 

Table 2.1 The 12 largest rivers of the world ranked by length 

 

Rank River Landmass River Length 

(km) 

Outflow 

1 Nile Africa 6,650 Mediterranean Sea 

2 Amazon South America 6,400 Atlantic Ocean 

3 Yangtze Eurasia 6,300 East China Sea 

4 Mississippi North America 6,275 Gulf of Mexico 

5 Yenisei Eurasia 5,539 Arctic Ocean 

6 Yellow River Eurasia 5,464 Yellow sea 

7 Ob’ Eurasia 5,410 Gulf of Ob’ 

8 Parana Antarctica 4,880 Tatar Strait 

9 Congo (Zaire) Africa 5,118 Atlantic Ocean 

10 Amur Eurasia 4,909 Sea of Okhotsk 

11 Lena Russia 4,400 Caspian Sea 

12 Mekong Eurasia 4,350 South China Sea 
      

Source: Liu et al. (2009) 

 

The internal drainage patterns within these three basins are unusual when compared to 

those of other large rivers. Most large-river systems that drain the interiors of 

continents, such as the Amazon, Congo, and Mississippi have relatively simple tributary 

networks that resemble a branching tree. Typically, such patterns develop in basins with 

gentle slopes where the underlying geological structure is fairly stable, no control on 

river morphology. On the other hand, the tributary networks of the Salween, Yangtze, 

and particularly the Mekong are complex with different sub basins often exhibiting 

different, and distinct, drainage patterns. These complex drainage systems have 

developed in a setting where the basic geological structure is active, and is the major 

factor controlling the process of rivers and the landscapes they cut out. 
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Figure 2.5 Major drainage basins of South East Asia 

Source: Mekong River Commission 1993-2010 

 

2.5.1 The physiography of the Mekong Basin 
 

The Mekong Basin can be subdivided into seven broad physiographic regions described 

by topography, drainage patterns, and the geomorphology of river channels (Figure 2.5). 

The upper three regions (Tibetan Plateau, Three Rivers, and Lancang Basin) make up 

the Upper Mekong Basin. The Lower Mekong Basin contains four physiographic 

regions (Northern Highlands, Khorat Plateau, Tonle Sap Basin and the Mekong Delta). 

 

2.5.1.1 Tibetan Plateau 

 

The Guyong-Pudigao creek at 5160 m above sea level near the foot of Mountain Jifu on 

the Tibetan Plateau is designated as the source of the Mekong. The plateau is the most 

densely glaciated region on Earth and while nearly half the glaciated area (49,873 km2) 

is within China, only 316 km2 of this area is attributed to the Mekong Basin. The 

eastern third of the plateau drains into the basins of the Salween, Mekong and Yangtze 

rivers. On the high plateau the course of the Mekong and its tributary network is 

influenced strongly by the tectonic fabric of the Tibetan Plateau. Here the mainstream 

and the major tributaries run more-or-less parallel in a North-west to South-East 

direction (Figure 2.6). 

16 



 
 

                                   

 
 

Figure 2.6  Topography and physiographic zones of Mekong Basin 

Source: Mekong River Commission 1993-2010 
 

2.5.1.2 The Three Rivers Area 

 

In this area, the Mekong flows for more than 500 km through a deep valley that is cut 

more than 2500 m in some places (Figure 2.6).In this area where the river has no 

significant tributaries, the basin is very narrowest is only 20 km wide. 
 

2.5.1.3 Lancang Basin 
 

To the south of the Three Rivers Area the Upper Mekong Basin broadens as the 

Salween and Yangtze diverge to the west and east respectively (Figure 2.6). This area, 

known as the Lancang Basin, is still at a high elevation (between 2000 and 3000 m 

above sea level) compared to the LMB and the river continues to flow down a steep 

gradient. However, small tributary catchments are now developed on both the right and 

left banks of the mainstream. Channel morphology is largely bedrock constrained.  
 

2.5.1.4 Northern Highlands 

 

The Northern Highlands forms the upland region of northeast Myanmar, northern 

Thailand and northern Lao PDR (Figure 2.6). In this region the Mekong is constrained 

in steep-sided bedrock in channels. The tributary network in this area has large 

tributaries entering the Mekong’s left (Nam Ta, Nam Ou, Nam Soung and Nam Khan) 

and right (Nam Mae Kok and Nam Mae Ing) banks. These tributary networks mostly 

flow through steep-sided rock-cut valleys. However, in places the tributaries extend and 

develop floodplains. 
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2.5.1.5 Khorat Plateau 
 

The Khorat Plateau is a saucer-shaped basin located at an elevation of about 300 m 

above sea level. The boundary of the basin is defined by a sharp formed by the highly 

resistant sandstones of the Khorat Group. The plateau is bound to the west and 

northwest by the Loei – Petchabun foldbelt, and by the Annamite Mountains to the east 

and northeast (Figure 2.6). To the south the forms a low edge above the Tonle Sap 

Basin. The only significant internal topographic feature is a low range of hills (Phu 

Phan uplift) that cut across the basin trending from the North-West to South-East.    

This low range divides the Khorat Plateau into two subbasins, the Sakhon Nakhon 

Savannakhet Basin to the north, and the Mun/Chi Basin to the south. The tributaries on 

the right bank of the Mekong (Songkhram and Mun), which flow across the low slope 

central region of the Khorat Plateau, have well developed architecture. In contrast, the 

tributaries on the left bank of the river (Nam Ca Dinh, Se Bang Fai and Se Bang Hiang) 

fall steeply from sources high in the Annamites. 
 

2.5.1.6 Tonle Sap Basin 
 

The Tonle Sap Basin is a large dome like structure that has been unroofed through 

erosion, leaving edge of hills standing above the alluvial plains that fill the center of the 

basin. The Mekong enters the basin just north of Pakse and flows through a broad valley 

flanked by the southern rim of the Khorat escarpment to the west and the Boloven 

Plateau to the east. At the southern end of this stretch the mainstream breaks up into a 

complex network of branching and reconnecting channels typified by the islands and 

channels forming the Siphandone (4000 islands) area in southern Lao PDR. 

 

The Mekong drops into the alluvial plain of Cambodia through a series of water fall at 

Khone Falls. The river then flows southwards along the eastern margin of the basin in a 

section of branching channels until Kratie. Here, the course of the mainstream takes a 

right-angled turn westwards as the river is deflected by extensive basaltic lava flows 

that form the upland area north of Ho Chi Minh City. 

 

The tributary network entering the left bank of the Mekong in this stretch of the river is 

dominated by the catchments of the Se Song, Se San, and Sre Pok. These fast flowing 

rivers drain a chain of mountainous terrain that extends from the Boloven Plateau of 

Lao PDR, though the Kontum Massif, to the volcanic uplands of southern Viet Nam. 

Downstream of Kratie the mainstream develops a wide alluvial floodplain with 

associated shifting channel morphologies including meanders. 

 

The western and central part of the Tonle Sap Basin forms a low slope landscape in 

which locates the Great Lake, its extensive floodplain and the network of tributaries that 

provide water into the lake. The Tonle Sap River, which links the Mekong and the Great 

Lake, has hydraulic characteristics rarely found elsewhere in the world. During the dry 

season, the river behaves as normal tributary draining water off the Cambodian 

floodplain and its surrounding catchment into the mainstream of the Mekong. However, 

during the wet season the dramatic increase in the discharge of the mainstream cannot 

be accommodated by the distributary network of the Mekong Delta, and the level of the 

Mekong rises higher than the Tonle Sap River. When this happens the flow of the Tonle 

Sap River reverses direction as water from the Mekong flows upstream overfilling the 

Great Lake and flooding the surrounding forested lowlands. During this part of the 
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annual flood-cycle, the area of the Great Lake increases six-fold from 2500 km2 to 

15,000 km2 and it is volume from 1.5 km3 to between 60 and 70 km3. At the end of the 

wet season the discharge of the Mekong falls, and the flow of the Tonle Sap River 

reverts to the normal downstream direction, draining excess water off the inundated 

floodplain surrounding the Great Lake. 
 

2.5.1.7 The Mekong Delta 

 

The top of the Mekong Delta is defined near Phnom Penh where the largest distributary 

river channel, the Bassac River, splits from the mainstream. South of Phnom Penh, the 

delta rapidly expands to form a wedge shaped delta plain that covers an area of 62,520 

km2. The modern delta has two major distributary channels, the Mekong and Bassac 

Rivers which split into a number of smaller channels to form the Nine Dragons as the 

mouths of the Mekong are known. The sub region of the delta plain can be divided into 

two parts: an inner delta plain that is dominated by fluvial process and an outer delta 

plain that is dominated by marine processes. The inner delta plain close to sea level 

while the outer delta-plain which is built of coastal plain deposits, is fringed seawards 

by mangrove swamps, beach ridges, sand dunes, spits and tidal flats. 

 

2.5.2 The Rainfall Climate 

 

The distribution of mean annual rainfall over the basin shows a distinct east to west 

gradient (Figure 2.7). The highest rainfalls of more than 2500 mm/year occur in the 

western montane regions of Lao PDR and the lowest, less than 1000 mm/year, in the 

central regions of Thailand within the Mun–Chi Basin. This geographical pattern 

determines that by far the greatest contributions to stream flows during the summer 

monsoon season originate within the large left bank tributaries in Lao PDR.  

 

Two characteristics of rainfall climate in Mekong basin, the first being what are known 

as monsoonal when the conditions linked to rainfall generation weaken and become less 

active. This typically occurs during July and August and is linked to the reduced 

formation of tropical monsoonal low pressure systems. The second peak in September 

and October is partly related to the impact of tropical storms and typhoons moving 

across the LMB from the Gulf of Tonkin and the South China Sea. Their peak incidence 

occurs from September to November, although their average track tends to move from 

north to south as the season progresses. 
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Figure 2.7 Lower Mekong Basin – mean annual rainfall 

        Source: Mekong River Commission 2010 

 
  

 
 

Figure 2.8  Deviations of regional rainfall above and below average over the 25 

years between 1980 and 2004, based on pooled data 

 Source: Mekong River Commission 2010 
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In most years, the geographic variability of total rainfall over the basin is high since the 

synoptic conditions that cause major storm rainfall events do not extend to the basin 

scale. Intense tropical depressions tracking from east to west typically affect only part of 

the region while distribution of rainfall associated with these depressions also depends 

on how rapidly they move towards the west. Convective cells typical of the monsoon 

are even more localized in their impacts. Such storm episodes provide most of the 

annual rainfall and their local frequency in any given year determines whether the year 

is particularly wet. 

 

Despite the high spatial variability of tropical monsoon rainfall, it is possible to obtain a 

general regional overview of the conditions over recent years by pooling the annual 

time series expressed as deviations above and below the mean annual rainfall for the 25 

years from 1980 to 2004 (Figure 2.8). The period began with average to drier conditions 

which intensified post 1985 and then became much more severe during the early 1990s 

when almost all sites recorded a run of several years of much reduced rainfall. After 

1995, general regional rainfall moved back to normal levels and then into a distinctly 

wetter phase between 1999 and 2002, after which it decreased to average and below. 

 

2.5.3 Hydrology 
 

The annual hydrological regime of the Mekong (Figure 2.9) is determined by two major 

influences. Climate and the response to the south-west monsoon between June and 

October. This results in an annual flood pulse and therefore a distinct seasonality in the 

annual hydrological cycle between a flood season and a low-flow season. 

 

On the mainstream and within its larger tributaries the wide areas of drainage systems 

result in runoff responses to individual storm events caused by monsoonal depressions 

that tend to connect and therefore accumulate into a single seasonal flood flow regime. 

This means it is not generally possible to divide the runoff response to individual events 

unless the cyclonic storm system is very intense and regional in scale. Tropical typhoon 

incursions into the basin from the South China Sea are the weather systems most 

responsible for generating distinct individual peaks to the monsoonal flow. These 

generally occur during September and October when the seasonal discharge is already 

high and tend to generate a second significant peak to the annual flow. Historically 

these events have been responsible for many of the most extreme flood discharges and 

water levels that have been observed. 
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Figure 2.9 Major Mekong mainstream gauging station 

         Source: Mekong River Commission 2010 

 

2.5.3.1 Region runoff and stream flow 
 

The hydrological geography of the lower Mekong is to some extent affected by 

upstream conditions but most water is contributed from within the LMB (Table 2.2). 

The upper Mekong in China contributes 16 percent of the total flow in an average year, 

while 55 percent comes from the large left bank tributaries in Lao PDR along with the 

Se Kong, Se San and Sre Pok river system. This is reflected in regional distribution of 

annual runoff (Figure 2.10). Although the Mun/Chi tributary complex drains 20 percent 

of the lower basin area, average annual runoff is only 250 mm, which is considerably 

less than half of the regional average figure of 600 mm, with the result that this wide 

area of northeast Thailand contributes less than 6 percent to the mean annual Mekong 

flow. 
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Table 2.2 Proportional contributions to total Mekong mean annual flow by river 

reach, distinguishing those made by the left and right bank tributary 

system 
 

River Reach Left bank (%) Right bank(%) Total (%) 

China 16 16 

China – Chiang Sean 1 3 4 

Chuang Sean – Luang Prabang 6 2 8 

Luang Prabang – Vientiane 1 2 3 

Vientiane – Nakhon Phanom 18 4 22 

Nakhon Phanom - Mukdahan 3 1 4 

Mukdahan – Pakse 4 6 10 

Pakse – Kraite 22 2 24 

Tonle Sap   9 

Total 55 20 100 

 

Source: Mekong River Commission 1993-2010 
 

The estimated mean annual flow of the basin as a whole is almost 460 km3 (Table 2.3). 

Of the total annual flow, in an average year about 75 percent occurs within just four 

months between July and October (Table 2.3). The minimum flow occurred in 1992 and 

the maximum of almost 630 km3 was associated with the disastrous flooding in 

Cambodia and Viet Nam in 2000. 
 

Table 2.3  Distributions of annual flow volumes 

 

Mainstream 

site 

Catchment area 

(km3) 

Mean annual flow as As % total Mekong 

Discharge 

m3/sec 

Volume                

km3 

Runoff         

mm 

Chiang Saen 189,000 2,700 85 450 19 

Vientiane 299,000 4,400 139 460 30 

Pakse 545,000 9,700 306 560 67 

Kratie 646,000 13,200 416 640 91 

Total 760,000 14,500 457 600 100 

 

Source: Mekong River Commission 1993-2010 
 

 

 

23 



 
 

                                   

 
 

Figure 2.10 Mean annual runoff (mm) in the Lower Mekong Basin 

       Source: Mekong River Commission 1993-2010 
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CHAPTER 3 METHODOLOGY 

 

3.1 Mathematical model 

 
A mathematical model is a description of a system using mathematical concepts and 

language. To estimate the effects of flood on groundwater resources, numerical 

processes based on finite difference techniques were able to successfully solve 

governing non-linear partial differential equations and couple each parameter. 

 

To analyze the impacts on the overland flow, a flood model of 110 km by 160 km 

developed by Kazama et al., (2007) was applied. The model is constructed using finite 

difference techniques to numerically model flood flow, inundation depth and overflow 

by solving the basic governing equations (Figure 3.1). Two data sets were required so as 

to simulate this model. First, input data and boundary condition necessitate hydro-

meteorological data - rainfall, evaporation, river discharge and water level. Second, as 

we considered the surface water, soil properties play a vital role in this study as shown 

in Figure 3.2 The model parameters such as manning roughness reported by Kazama et 

al.,(2007) were adopted for this study. 

 

 

 
 

 

Figure 3.1 Integration of channel flow, inundated flow, overflow and groundwater flow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 Flow chart of Numerical model 
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3.1.1 Channel flow calculation 

Governing equation in flood flow is a non-linear partial differential equation. It has been 

solved using a finite difference by set the control volume of one-dimensional flow. We 

used the dynamic wave model as a numerical calculation model which consists of a 

continuity equation and a momentum equation as follow: 
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Where A is the cross-sectional area (m2); Q is discharge (m3/s) and g is gravitational 

acceleration (m2/s). v represent the velocity (m/s),  S represent the river bed elevation, 

h represents the river water depth (m),  n represent the Manning coefficient and q refers 

to the inflow per unit area such as tributary inflow or rainfall. 

When performing finite difference calculation, water levels in the channels have been 

solved by equation 3.5  and 3.8 . Both equation show calculation flow rate from 

momentum equation and water level determined from continuous equation. Momentum 

Equation of the flood calculations for river channel is shown in 3.1 formula is shown in 

3.3 as a differential equation around a point time t = n, the number of space x = i for this 

sections. 
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Where z = river bed elevation 
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Similar to the momentum equation and perform central finite difference as time t=n and 

space x=i with continuity equation. River channel is rectangular cross section of width, 

thus cross section area A= Bh, as the discharge Q= vBh. The continuity equation shown 

in equation 3.2 and solve by finite different equation shown in 3.8 
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Flood calculation in river channel are performed by one-dimensional flow but the 

Mekong river joins the Tonle sap river in Phnom Penh and diverted to Bassac river in 

same place at Phnom Penh. In the point of confluence and diversion from tributaries 

using equation 3.1  by neglect term of velocity head 












2

1 2v

xg
. Equation 3.9  shown 

concept of the partial confluence calculation by difference between water depth of the 

Mekong river meeting at point b ( bn h ) and water depth of the Tonle Sap river meeting 

at point a ( an h ) at time t=n. When t=n+1 at point ab velocity abn v1 have been calculated 

and solved by finite difference method as shown in equation 3.11 
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abn v1 can be obtained from equation 3.11. Lateral flow qab can be obtained by equation 

3.12 
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Where B1 present about river width in the Mekong river (1200m), B2 present river width 

in the Bassac river and Tonle sap river. 
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3.1.2 Inundated flow 

The following two-dimensional non-uniform flows are used for water distribution in 

inundation area as shown in the following equation. This inundation flow consists of 

continuity equation and momentum equation in two directions, which are applied to the 

flood plain 
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Continuity equation 
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Where h: water depth, M(=uh) : discharge flux in x-direction (m2/s), N(=vh): discharge 

flux in y-direction(m2/s), u: flow rate in x-direction (m/s), v: flow rate in y-

direction(m/s), xb : shear force in x-direction (N/m2), yb : shear force in y-

direction(N/m2), 𝜌: density(kg/m3), H: water level from the reference plane in the flood 

plain. 𝑓𝑖𝑛: rainfall, evaporation and infiltration (m/s).In term of 
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 in two-

dimensional flow that very small effect to flood calculation. We neglect them to avoid 

complex calculation. Momentum equation in x-direction and y-direction as shown in 

equation 3.16 and equation 3.17 respectively. 
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From equation 3.16 and equation 3.17, we used central finite difference to solved this 

equation to find velocity in x-direction and y-direction at time t=n, space Y=i, X=j. 
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We substitute all of equation 3.18 to equation 3.19 to calculation discharge in x-

direction and y-direction at time t=n, space Y=i, X=j 
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Y-direction 

Where 
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From continuity equation in equation 3.15 We can solve this equation by finite 

difference by substitute equation 3.20 and find water level in inundation flow 

calculation at time=n , space Y=i, X=j 
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3.1.3 Overflow 

Overflow equation which combines river flow and the floodplain flow. It generates 

complete over flow and submerge overflow under supercritical and subcritical flow, 

respectively. When flood water flows to dry lands through the colmatage cut, a 

complete overflow occurs there and when flood water flows to wet area through the 

colmatage cut, a sub-merged overflow occurs (Figure 3.3). The complete overflow (Qc) 

is given by: 

11 2350 ghBh.Q           (3.25) 

Whereas the submerged overflow Qs is given by: 

 212 2910 hhgBh.Q          (3.26) 

Where Q: overflow discharge (m3/s), B: width of overflow (=10m), h1,h2: water level in 

the overflow from the surface. 
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Figure 3.3 Schematic diagrams of complete overflow and submerged flow 

3.1.4 Groundwater and Evaporation 

Groundwater balance is calculated from the following conservation equation and 

Darcy’s law. We neglect water movement of unsaturated zones and assumed a uniform 

soil structure and uniform aquifer properties over the selected flood plain area. 

Groundwater level was estimated assuming a saturated soil layer because groundwater 

movement is inactive compared to surface water. 

We have calculated every 1 hour time interval to find increase or decrease in the 

groundwater calculation, evaporation and rainfall in this present study. If floodwater 

depth is zero, Groundwater level impact from evaporation and porosity. On the other 

hand if floodwater depth is not zero, Groundwater level determine by infiltration rate, 

evaporation and porosity over this area. 

Basic equation on the water balance of the saturated zone as shown in equation 3.27 as 

considering porosity of the soil, groundwater recharge and evaporation. 
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Where 𝜃: Specific yield (=effective porosity), hGW: groundwater level(m), uGW: velocity 

in x-direction(m/s), vGW: velocity in y-direction(m/s), f: recharge rate (m/s) 
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Where k: hydraulic conductivity (m/s) Equation 3.30 obtained by finite difference 

method from equation 3.29 
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Stability in finite difference scheme 

maxmax ghv

x
t




          (3.31) 

Where hmax: Highest water level in boundary condition and 𝑣𝑚𝑎𝑥: Maximum velocity of 

the Mekong River. It was estimated by using average velocity by Manning equation. 

21321 //

river

Ih
n

v           (3.32) 

Where n: roughness coefficient along the river, h: water level in the channel, I: channel 

slope. 
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3.2 Model set-up (run scenarios) 
 

3.2.1 Precipitation Data 
 

The relationship between precipitation, river flow, inundation flow and groundwater is 

illustrative of the complexity and changing nature of the water cycle. The duration and 

intensity of the precipitation, soil porosity, the slope of the ground, infiltration rate and 

evapotranspiration emerge as some of the potential factors in the interaction. In the 

model, rainfall data were added to water level all over the area (IH=IH + Rain) then the 

water level is the factor to determine groundwater level. There are 4 cases to determine 

groundwater level as follow. 

 

1. Water level is less than 0 

 

poro

eva
GWGW           (3.35) 

 

2. Water level is less than evaporation rate 

 
 

poro

IHeva
GWGW


         (3.36) 

 

0IH           (3.37) 

 

3. Water level is less than evaporation rate and penetration rate 

 

 
poro

evaIH
GWGW


         (3.38) 

  

4. Water level is greater than evaporation rate and penetration rate 

 

poro

fc
GWGW           (3.39) 

 

 fcevaIHIH           (3.40) 

     

Where  GW  = Groundwater Level (m) 

eva = Evaporation Rate (m/month) 

poro  = Porosity 

 IH =Water Level (m) 

            fc  = Penetration Rate (m/hour) 
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3.2.1.1 Thiessen - Mean Method for Precipitation Data 

 

In this method, the rainfall recorded at each station is given a weightage on the basis of 

an area closest to the station 7 hydrological stations (Kompong Tralach (Zone 1), 

Oudong (Zone 2), Batheay (Zone3), Thnal Tetung (Zone 4),Peam Chikang (Zone 5), 

Samroong (Zone 6) and Chau Doc (Zone 7))  provided weighted area using Thiessen 

Polygons (Figure 3.4). Table 3.1 shows the fraction of total area, multiplying the 

fraction to rainfall data from 7 observed stations provide mean precipitation over a 

study area. 
 

 

               
 

Figure 3.4 Thesisen Polygon Method 

 

Table 3.1 Fraction of total area using Thiessen Polygons for mean Preciptation 

 

Station Area (km2) Fraction of total area 

Kompong Tralach 727.2648 0.0413 

Oudong 933.2753 0.0530 

Batheay 1,345.296 0.0764 

Thnal Tetung 2,570.819 0.1461 

Peam Chikang 3,467.683 0.1970 

Samroong 4,548.519 0.2584 

Chau Doc 4,007.143 0.2277 

Total 17,600 1 
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3.2.2 Boundary Condition 
 

Water levels used as the boundary conditions for flood simulation model (Kampong 

Cham upstream of the Mekong River ; Tan chau downstream of the Mekong river ; 

Chan Doc station of Bassac River and Prek Kdam station of Tone Sap River) were 

periodically obtained from the measurement of the Mekong river Commission (MRC, 

1993-2001). Water Level data at Phnom Penh, Where Tonle Sap and Bassac tributaries 

meet the Mekong River, are used for the validation of the developed numerical models 

(Fig 3.5) 

 

 

 
 

 
 

Figure 3.5 Water levels for the boundary conditions 
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3.2.3 Digital elevation map (DEM) 
 

In this area, we used digital elevation map (DEM) by download from the first release of 

Shuttle Radar Topography Mission (SRTM). The SRTM digital elevation data, 

produced by NASA originally, is a major breakthrough in digital mapping of the world, 

and provides a major advance in the accessibility of high quality elevation data for large 

portions of the tropics and other areas of the developing world. The NASA Shuttle 

Radar Topographic Mission (SRTM) has provided digital elevation data (DEMs) for 

over 80% of the globe. This data is currently distributed free of charge by USGS and is 

available for download from the National Map Seamless Data Distribution System, or 

the USGS ftp site. The SRTM data is available as 3 arc second (approx. 90m 

resolution). In this study we resample about 90m to 250m, 500m and 1000m to 

simulation in hydrological model. 

 

   
 

 

  Figure 3.6 Digital elevation maps in study area (90m resolution) 

 

3.2.3.1 Resample analysis 
 

Resampling is the process of interpolating the pixel values while transforming your 

raster dataset. This is used when the input and output do not line up exactly, when the 

pixel size changes, when the data is shifted, or a combination of these reasons. In this 

study Original digital elevation maps is 90m from resolution and then we used ArcGis 

program to resample about 90m resolution to 250m, 500m and 1000m to use in this 

model. There are three options for the resampling technique; nearest, bilinear 
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interpolation and cubic convolution. In this study we used cubic convolution to find 

elevation of 250m, 500m and 1000m from resolution. 

 

 

 

 
 

 
   Figure 3.7 Process of resample technique in ArcGis 

           Source: ArcGIS help 

 

3.2.3.2 Fill sinks analysis 

   
Fills sinks in a surface raster to remove small imperfections in the data. It used to sink a 

cell that undefined drainage direction. When we resample about elevation some of cell 

have pour point in the boundary cell with the lowest elevation. If the sink were filled 

with water, this is the point where water would pour out. 

 

 

3.2.4 Evaporation, Infiltration, Hydraulic conductivity 

 

A sensitivity analysis has been performed to understand the sensitivity of hydraulic 

conductivity, potential infiltration rate, and Manning coefficient by comparing the 

charge in groundwater when changing the each parameter. Since silt is the main soil 

type of this area and the hydraulic conductivity is around 0.1 m/s, hydraulic 

conductivity has been used as 0.1 m/s for the groundwater model. (Kazama, et al. 2007) 

 

Groundwater recharge rate were divided into non-inundation and inundation, it is 

estimated by the potential infiltration rate as 10 mm/h and 0.1 m/s respectively. 

Evapotranspiration flux is assumed as 150 mm/month for the whole season 

(Nawarathna and Kazama, 1999). The specific yield has been estimated as 0.4 based on 

lab experimental results (Kazama, et al., 2007). 

 

3.2.5 Position of river node 
   

In this model we need to set up about position of river by create .txt file. It selects the 

position of river by digital elevation map in this area. When elevation is very low, it 

means that that is position of river or low land. We can check about position of river by 
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compare between the position of river and digital elevation map. Other thing when we 

change about resolution in this model. Position of river must change at the same time. 

 

 

 

3.3 Model Validation 
   
Simulation models are increasingly being used to solve problems and to aid in decision-

making. The developers and users of these models, the decision makers using 

information obtained from the results of these models, and the individuals affected by 

decisions based on such models are all rightly concerned with whether a model and its 

results are correct. In this model three sets of data are required to show accuracy of 

simulated surface flow and groundwater levels. 

  

 

3.3.1 Water Level data 
 

Water level data observed from hydrological station in Phnom Penh is used to compare 

with calculated result. Just above Phnom Penh is the confluence with the Tonle Sap, the 

main Cambodian tributary. Below Phnom Penh, it divides into Bassac and the Mekong 

River. Since, Phnom Penh is the capital and largest city of Cambodia developed to a 

nation's center of economic and industrial activities, as well as the center of security, 

politics, cultural heritage, and diplomacy of Cambodia.  

 

 
 

Figure 3.8 Water level observation points at Phnom Penh 
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3.3.2 Groundwater Level data 
 

While the variation of groundwater levels is lower than the propagation of inundation 

depth and inundation areas, the long-term change of groundwater levels in the area was 

taken into account to verify the simulation of the variation of groundwater levels. 

Simulated groundwater levels were compared with those observed at three observation 

well stations close to the Mekong River, located between Tan Chau and Phnom Penh. 

These three observation wells are marked as P24 is located at 40 km from the Mekong 

River bank (Figure 3.9). 

 

 
 

 

Figure 3.9 Ground water level observation points 

3.3.3 Satellite map 

 

Hatfield Consultants Company limited from Canada make final report to Mekong river 

commission to analysis flood area and flood volume by RADARSAT images (2003). 

The report relied on a series of radar imagery collected by the Canadian RADARSAT-1 

satelite image the Lowe Mekong River basin in Cambodia during years 1999 to 2002. 

RADARSAT-1 synthetic-aperture radar (SAR) was the primary source of image data 

used and represent a unique techology that has been applied in Cambodia and other 

countries of the LMB since 1998. Techquies for derinving reliable flooding estimated 

are sufficiently development to contribute greatly to visualization and quantification of 

flood events. This report estimation flood inundation area and presentation of results 

and maps in the Lower Mekong Basin. In this study we used flood map from this report 

to calibration about hydrological model in year 2000. 
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Figure 3.10  Progression of flooding in the Lower Mekong Basin shown by 

RADARSAT-1 

         Source: Mekong river commission secretariat (2003) 

 

3.4 Analyzing Groundwater and Inundation Area 

 
In this study, all of the results were analyzed into monthly data in order to show 

monthly fluctuation of groundwater and inundation area, to make suitable comparison 

of 2 difference grid size from inundation and groundwater level in year 2000. 

 

3.4.1 Groundwater storage calculation 
 

The temporal and spatial distribution of groundwater levels in year 2000. This result 

was used to estimate the groundwater storage in each month. Maximum groundwater 

storage in the area was calculated by the integration of the difference between highest 

and lowest groundwater levels in the area as follows: 

Groundwater storage =    glh dAxnGWLGWL     (3.4) 

Where GWLh is the highest groundwater level and GWLl is the lowest groundwater 

level. 

 

3.4.2 Graphical and Motional Distribution 
 

In order to analyze complexity data sets from a mathematical model and functional code 

(C Language Programming) were used to display graphical and motional distribution. 

The processes to manage those data are shown in Figure 3.10. Sources from the main 

code provided water level indicating inundation depth and groundwater level (Figure 

3.10a). Functional code (Figure 3.10b) was adept to read those data and show colors 

classifying by their level (Figure 3.10c). The interval of inundation level is between 0 

and 10 meter whereas 0 to 10 meter for groundwater level. 
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(a)                                           (b)                                          (c) 

 

Figure 3.11    Processes showing how to change numerical data into graphical and 

motional distribution 

 

3.4.3 Animation 

 

In order to analyze data from graphical image from mathematical model were used to 

Giam program to create about motional distribution of inundation and groundwater 

level. Giam was used to create animation or movement of inundation and groundwater 

level by daily. 
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CHAPTER 4 RESULTS AND DISCUSSION 

4.1 Analysis of Water level at Phnom Penh 

Using the numerical solution of each governing equations, calculations were performed 

for flood, overflow and inundated flows for several flood events in the Lower Mekong 

river basin. In the year 2000, the Mekong delta was affected with a record-breaking 

flood. Therefore, we used the year 2000 flood data mainly for comparison with field 

observations and model verification. Simulation of the year 2000 flood was carried out 

for the period of July 7 to November 10, 2000. Figure 4.1 shows the comparison of 

calculated and observed water levels during this period at Phnom Penh, the model 

estimated water levels are in good agreement with the observed water levels at Phnom 

Penh in Table 4.1 

 

 

Figure 4.1 Comparison of calculated and observed water level at Phnom Penh 

 



 
 

                                   

Table 4.1 Calibration of the water level at Phnom Penh with different grid size 

 

Table 4.1 presents the Coefficient of determination (r2), Nash- Sutcliffe’s coefficients 

(Nash), Index of agreement (IA) and Root mean square error (RMSE) of the simulation 

water level in comparison with the observed water level at Phnom Penh by different 

grid size. The highest value of Nash and r2 were 0.830 and 0.962 with 250 m resolution. 

From Index of agreement (IA) 500m is the best of value. However three of grid size 

resolutions show good results from water level at Phnom Penh.  

4.2 Comparison between observation and calculation of inundation 

area 

Figure 4.2 and Figure 4.3 shows the comparison of calculated inundation areas and 

satellite image outputs on September 23, 2000 and October 22 2000. It shows a good 

agreement between estimated inundation areas and the satellite image of three grid 

sizes. First of interesting in calibration of calculation inundation from model simulation 

and satellite map that in upstream in this study area because of the boundary condition 

in this simulation water move out in the east of Mekong River and different grid size 

that effect to infiltration rate. Almost inundation that cause in downstream because it is 

low land area then inundation spread to the upstream, west side of Bassac River and 

east side of Mekong River and the other thing in the upstream in this study area have 

Tonle Sap Lake. In the dry season Tonle Sap Lake recharge water from upstream to 

downstream. On the other hand in the wet period the water in downstream move from 

the downstream to go to upstream (Tonle Sap Lake). 

 

 

 

 

 

 

 

 

DEM resolution r
2 Nash IA RMSE

250m 0.962 0.830 0.791 1.345

500m 0.950 0.795 0.825 1.452

1000m 0.948 0.755 0.812 1.545
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      Observation        250 m grid size       500 m grid size                          1000m grid size 

Source: Mekong river commission secretariat (2003)    

                                                          22 October 2000                                        

 

Figure 4.2 Comparison of inundation with observation on 22 October 2000 
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     Observation    250 m grid size         500 m grid size                             1000 m grid size 

Source: Mekong river commission secretariat (2003)    

       23 September 2000                                 

Figure 4.3 Comparison of inundation with observation on 23 September 2000 
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4.3 Observation of groundwater levels 

Since the variation of groundwater levels is lower than the propagation of inundation 

depth and inundation areas, the long term change of groundwater levels in the area was 

taken into account to verify the simulation of the variation of groundwater levels. 

Simulated groundwater levels were compared with those observed at observation well 

stations close to the Mekong River, located between Tan Chau and Phnom Penh. 

Observation wells are marked as Well P 24 is located at 40km from the Mekong River 

bank (Figure 4.4). Observed groundwater levels in 2000 were compared with simulation 

groundwater levels over the same period. Comparison of the observed and simulated 

groundwater levels for the observation point is depicted in Figure 4.5. It shows that 

good agreement in the three grid sizes. 

 

Figure 4.4 Ground water level observation points 
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Figure 4.5 Comparison of ground water level between observed and calculated 

value with different grid size 

Figure 4.5 shows the comparison of groundwater level between observed and calculated 

with different grid size. First of all three grid size show good trend from groundwater 

level and 1000m from resolution groundwater level is larger than observations and 

250m and 500m are less than observation in the groundwater level. It means that 1000m 

is overestimated in the groundwater level. 

4.4 Maximum monthly analysis of inundation area (250m, 500m 

1000m) 

Due to change of precipitation in the Mekong upstream and along the Mekong delta, the 

expansion of the inundation also changes with time. To observe the propagation and 

temporal distribution of inundation area, the simulation results from the distribution of 

inundation area, the simulation results from the distribution of inundation from July 

2000 to December 2000 were considered. The estimated temporal and spatial variation 

within inundation areas is presented in Figure 4.6 (250m), Figure 4.7 (500m) and Fig 

4.8 (1000m). In the beginning, inundation areas is generated in the low land at 

downstream, located in the lower part of Mekong basin. Then, inundation areas spread 

to the east side of the Mekong and the west side of the Bassac River and the upper part 

of the Mekong basin. Normally, the largest flooding period in the Mekong region is 

from September to October and flood water retreats to downstream areas after 

November. The simulation also accurately reproduced this process and completely 

agrees with the regular flooding pattern in these areas. Therefore, we can conclude that 

this simulation can express the inundation mechanism in the Mekong river basin. 
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    31 July 2000          31 August 2000 

 

 
       

  30 September 2000                   31 October 2000 

      

Figure 4.6 Temporal and spatial distribution of inundation area (250 m) 
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             30 November 2000               31 December 2000 

Figure 4.6 Temporal and spatial distribution of inundation area (250 m) (Cont.) 

 
  

      31 July 2000         31 August 2000 

   

Figure 4.7 Temporal and spatial distribution of inundation area (500 m) 

51 



 

 

  

              30 September 2000        31 October 2000 

 

   

30 November 2000               31 December 2000 

   

Figure 4.7 Temporal and spatial distribution of inundation area (500 m) (Cont.) 
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                      31 July 2000                                             31 August 2000 

 

   

                    30 September 2000        31 October 2000 

    

Figure 4.8 Temporal and spatial distribution of inundation level (1000m) 
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 31 November 20000        31 December 2000 

 

Figure 4.8 Temporal and spatial distribution of inundation level (1000m) (Cont.) 

4.5 Comparison inundation areas by grid sizes 

First of all initial condition of inundation we simulation in January to December in year 

1999. The end of this year used to initial condition in year 2000. Figure 4.9 present the 

comparison between grid size of inundation area by spatial and temporal distribution. 

January and February are inundation area in downstream because it affected from 

reduction of flood area by end of year 1999 in initial condition. After that In July 

inundation area of three grid sizes cause from the low land area in the downstream. 

Inundation area (250m) is less than 500m and 1000m as shown in July 2000 (Figure 

4.9). Three month later (August, September, October) both grid size extend inundation 

area from the downstream to east, west, upper of Mekong River. One of interesting 

three grid sizes that peak flood flow in October look similar from inundation area. After 

October three grid sizes inundation are quietly decrease. 
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    250 m grid size       500 m grid size 

 

1000 m grid size 

31 July 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level 
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 250 m grid size                   500 m grid size 

 

1000 m grid size 

30 August 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level (Cont.) 
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                250 m grid size          500 m grid size 

 

1000 m grid size 

30 September 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level (Cont.) 
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250 m grid size           500 m grid size 

 

1000 m grid size 

     31 October 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level (Cont.) 
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                  250 m grid size         500 m grid size 

 

1000 m grid size 

30 November 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level (Cont.) 
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  250 m grid size          500 m grid size 

 

     1000 m grid size 

31 December 2000 

 

Figure 4.9 Comparison between three grid sizes by inundation level (Cont.) 
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4.6 Monthly analysis distribution groundwater (250m, 500m and 

1000m) 

Figure 4.10 (250m), Figure 4.11 (500m) and Figure 4.12 (1000m) expresses the 

distribution of groundwater levels in dry and wet seasons in 2000. Both groundwater 

levels in the dry season (January- July) are almost similar but those in the flooding 

period (August-October) show differences of several meters. In the dry season 

groundwater level in channel is less than groundwater in left blank and right blank, so 

groundwater level in left and right blank recharge to river channel. On the other hand in 

wet season, groundwater level in river channel is more than water level in left and right 

blank because it causes inundation area in river channel. It means that groundwater level 

in channel recharge to left and right blank. This means that changes of flood magnitude 

influences groundwater resources during flood seasons and do not strongly influence 

groundwater resource in dry season. 

 

               

          31 January 2000           29 February 2000 

 

Figure 4.10 Temporal and spatial distribution of ground water level (250m) 
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                31 March 2000                    30 April 2000 

  

                31 May 2000     30 June 2000 

 

Figure 4.10 Temporal and spatial distribution of ground water level (250m) (Cont.) 
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       31 July 2000           30 August 2000 

  

         30 September 2000            31 October 2000 

 

Figure 4.10 Temporal and spatial distribution of ground water level (250m) (Cont.) 
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      30 November 2000       31 December 2000 

 

Figure 4.10 Temporal and spatial distribution of ground water level (250m) (Cont.) 
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                 31 January 2000               29 February 2000 

 

 
         31 March 2000                      30 April 2000 

 

Figure 4.11 Temporal and spatial distribution of ground water level (500m) (Cont.) 
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                 31 May 2000     30 June 2000 

 

 
      31 July 2000         30 August 2000 

 

Figure 4.11 Temporal and spatial distribution of ground water level (500m) (Cont.) 
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                30 September 2000                       31 October 2000 

 
       

30 November 2000       31 December 2000 

 

Figure 4.11 Temporal and spatial distribution of ground water level (500m) (Cont.)       
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         31 January 2000                29 February 2000 

  

  31 March 2000    30 April 2000 

 

Figure 4.12 Temporal and spatial distribution of ground water level (1000m) 
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             31 May 2000      30 June 2000 

  

          31 July 2000            30 August 2000 

 

Figure 4.12 Temporal and spatial distribution of ground water level (1000m) (Cont.) 
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                    30 September 2000         31 October 2000 

 
    

   30 November 2000                   31 December 2000 

 

Figure 4.12 Temporal and spatial distribution of ground water level (1000m) (Cont.) 
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4.7 Groundwater storage 

The temporal and spatial distribution of groundwater levels in year 2000. This result 

was used to estimate the groundwater storage in each month. Maximum groundwater 

storage in the area was calculated by the integration of the difference between highest 

and lowest groundwater levels in the area as follows: 

Groundwater storage =    glh dAxnGWLGWL               (4.7) 

Where GWLh is the highest groundwater level and GWLl is the lowest groundwater level 

and ng is specific yield. 

Using this equation, the average groundwater storage in the study area has been 

estimated as 55 km3 (55 billion m3) from 250m resolution and 59.41 km3 (59.41 billion 

m3) from 1000m resolution. When this groundwater volume is divided 3.9m as the 

average this groundwater amount in almost double the average rainfall of the area. It is 

well known that Tonle Sap Lake is a big reservoir functioning in the lower Mekong. 

This lake has inflow from the Mekong River in dry season. It has reported that the 

storage of the lake was almost 76.1 km3 in year 2000 (M. kummu, et al. 2013). It is 

clear that groundwater storage in the study area is almost similar to the capacity of the 

Tonle Sap Lake. Therefore, groundwater resource can be considered as a large potential 

water source in the lower Mekong region. These two big reservoirs contribute to the 

base flow of the Mekong River and give natural blessings to the downstream region 

during dry season. 

 

4.8 Relationship between inundation area and groundwater resources 

Table 4.13 Summarizes the inundation area and groundwater storage in 2000 

 

The relationship between inundation areas and groundwater storage were carried out for 

the period of July 2000 to December 2000 show in Table 4.13.It summarizes that 

inundation areas and groundwater storage with different grid sizes. First of all 

Inundation area and groundwater storage are decrease by changes slope of digital 

elevation map. Other thing is groundwater storage in both three grid size are similar by 

trend of groundwater. In the wet season when flow rate in channel exceeds the capacity 

250m 500m 1000m 250m 500m 1000m

July 1575 1602 3675 54.73 55.23 58.02

August 2750 3243 5068 58.24 59.73 62.02

September 4554 4925 6256 59.92 61.45 65.23

October 4806 5310 6602 62.5 64.52 68.42

November 3545 3768 5385 62.1 63.95 67.54

December 2650 3320 3864 60.23 61.94 64.52

Groundwater storage (km
3
)Inundation area (km

2
)

Duration
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of the river channel and inundates the adjoining area. Some of water moves out by 

infiltration in the soil. It increases about groundwater levels in wet season. Figure 4.14 

shows about summarize inundation and groundwater storage in both  three grid size 

(250m, 500m and 1000m). It shows that trend of inundation and groundwater level 

increase in the same time. 

 

 

Figure 4.14 Summarizes the inundation area and groundwater storage in 2000 

 

4.9 Impact of grid size resolution on simulated flood inundation and 

groundwater 

The model was further applied to carry out simulations with three sets of DEMs of 

different resolution: 250, 500 and 1000m for the 2000 flood event to analyze the 

impacts of grid resolution in simulated inundation and groundwater level outputs. The 

results were compared in terms of average flood height, maximum flooded areas, 

groundwater storage and average groundwater level. 

Table 4.15 summarizes the variations of inundation and groundwater level 

characteristics with different grid DEM resolution and the outcomes demonstrate that 

flood depths and extents are highly influenced by the DEM resolution: the average flood 

heights decreases with the decrease of DEM resolution. At the same time from 

groundwater storage and average groundwater level increase with the increase of DEM 

resolution. 
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Table 4.15 Comparison inundation and groundwater for different grid size 

DEM 

Resolution 

(m) 

Average 

flood 

depth 

(m) 

Maximum 

flood area 

(km2) 

Groundwater 

storage 

(km3) 

Average 

groundwater 

level (m) 

Average 

elevation (m) 

250 0.55 4806 62.5 3.92 11.93 

500 0.59 5310 64.52 4.06 11.88 

1000 0.93 6602 68.42 4.8 11.86 

 

As a result of grid resampling, simulate average groundwater level and groundwater 

storage increased as grid cell sizes increased (Fig 4.16) Inundation area decreased with 

decreasing grid cell size because change of elevation in this area it cause inundation 

area are decreasing too. (Fig 4.17) 

 

 

Figure 4.16 Relationship between groundwater storage and average groundwater 

level with different grid size 
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Figure 4.17 Relationship between Inundation area and average flood depth with 

different grid size 
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CHAPTER 5 CONCLUSION 

Floods and inundation are annual events, which are necessary for agriculture in the 

Lower Mekong basin. Groundwater resources are influenced by flood water in 

inundation areas, even though severe floods can destroy these resources. Numerical 

models based on the behavior of flood flow, over flow, inundation depth and 

groundwater levels have been used to simulate the influences of change in inundation 

areas and the distribution of inundation depth caused by effect of grid size in the 

Mekong river Basin. A study of grid size effects on inundation area and groundwater by 

the hydrological model was done by resampling the catchment into 250m, 500m and 

1000m cell size grid using ArcGIS tools. First of all hydrological models was calibrated 

based on grid size and applied to other grid size scenarios using the same model. The 

assessment of model performance was carried out for the model results. Inundation area 

is very sensitive to the grid size change. The estimated inundation area and groundwater 

recharge becomes bigger for coarser gird size due to the decrease of cell slope. 

Calculations from inundation areas have been compared with satellite image outputs 

from September, 23 2000 and October, 22 2000 and show good agreement between 

estimated inundation areas and satellite images in three grid size. It concludes that 

change of grid size that effects in hydrological model on spatial and temporal of 

groundwater level and inundation area by month and cause different several meters in 

simulation. Therefore, the effects of grid size on distributed hydrological models will be 

different for each catchment. Future research is necessary to show if the scaling of the 

model parameters with respect to grid size resolution can be defined from the catchment 

physical characteristic. 
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Appendix 

  

Water level and observation data in Lower Mekong river basin 
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