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ABSTRACT: Effective water resources planning and management need accurate historical hydrological data 
for simulation and prediction. Many watersheds in Thailand are ungauged and many have unreliable or 
incomplete data. This study focuses on using available meteorological data to generate accurate monthly 
hydrological data, including direct runoff, evapotranspiration, and groundwater recharge for Lam Takhong 
watershed in Buriram Province, Thailand, as a case study. The Lam Takhong River is a tributary of the Mun 
River in northeastern Thailand covers an area of 1,560 square kilometers. This study examined nine years of 
daily meteorological data, including rainfall, temperature, relative humidity, and solar radiation obtained from 
a meteorological station, Buriram 436401, Royal Meteorological Department, from January 1, 2006 to 
December 31, 2014. Direct runoff values were evaluated from rainfall data using SCS-CN method. The CN 
and λ parameters were evaluated from accurate GIS maps of soil and land-use. Evapotranspiration values were 
determined from recorded climatic data using Morton's CRAE method. Results from the study period indicated 
that the wettest and driest years were 2008 and 2007, respectively. Groundwater recharge occurred every year 
except in 2007 with the greatest recharge occurring in 2011. Water balance was demonstrated to be a valuable 
tool for generating accurate historical hydrological data. 
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1. INTRODUCTION 

 
Buriram is a fast-growing township located in 

the southern part of Northeast, Thailand. Lam 
Takhong (Buriram) is a small river that supports the 
livelihood of its population. It is one of the main 
tributaries of the Mun River that flowing to the great 
Mekong River. The Lam Takhong, apart from the 
only water supply source for the Buriram township 
and its satellites, is responsible for surrounding 
agriculture, ecology, and socio-economic of the 
area. The river is subjected to flood and drought 
almost every year and recently increasing in 
frequency and intensity. There are three medium 
reservoirs and several small scale ones along the 
river. Water resource and watershed planning and 
management are therefore extremely important so 
that river flood and droughts are to be mitigated and 
so water pollution.   

The hydrological data of the area in the past are 
crucial for the river and its watershed planning and 
management studies. Surprisingly, the past 
hydrological data of the Lam Takhong (Buriram) 
watershed are very scarce and not reliable even 
though serious problems are always at hand. The 
river is a so-called ungauged river [1]. Fortunately, 
meteorological data from the township's weather 
station are fairly reasonable, therefore, historical, 
hydrological, data can be generated. 

The foremost driving force of river flow is the 
rainfall on the watershed. Total rainfall can be 
divided into vegetation interception, surface 
detention and retention, direct runoff, interflow, and 

groundwater flow. The interception, detention, and 
retention are evaporated back to the atmosphere. 
The interflow and groundwater flow become base 
flow. The direct runoff together with base flow 
constitutes the river flow [2].  The Buriram weather 
station recorded precipitation and other 
meteorological data since 2006. The objective of 
this study was to construct monthly hydrological 
data namely river flows and groundwater recharges 
of the Lam Takhong (Buriram) watershed from 
2006 to 2014 by utilizing the daily meteorological 
data. The SCS-CN method was used for rainfall-
runoff modeling. Monthly actual 
evapotranspiration was evaluated by Morton's 
CRAE method. The water balance tool was used to 
generate the time series of direct runoffs and 
groundwater recharges of the watershed. The river 
flow was finally the results of direct runoff and 
baseflow. 

 
2. STUDY AREAS AND DATA SETTING 

 
Our study area is the Lam Takhong (Buriram) 

watershed which is located in the southern part of 
Northeast Thailand (Fig. 1). It is a sub-basin of the 
Mun River, one of the main tributaries of the 
Mekong River. It covers the area of 1560 km2 in 
between 14o41’ 54” to 15o 17’ 51” latitude and 102o 
56’ 15” to 103o 17’ 15” longitude Takhong flows 
northward with a length of about 95 km. From the 
two southernmost tributaries Huai Jorkhemak and 
Huai Raj, they form the Lam Takhong.  

International Journal of GEOMATE, March, 2020, Vol.18, Issue 67, pp. 135-141 
ISSN: 2186-2982 (P), 2186-2990 (O), Japan, DOI: https://doi.org/10.21660/2020.67.9218 
Special Issue on Science, Engineering and Environment 



International Journal of GEOMATE, March, 2020, Vol.18, Issue 67, pp. 135-141 

137 
 

 
River which drains into the Mun River. The 

climate of Lam Takhong is the typical Northeast, 
Thailand, climate demonstrating wet and dry cycle 
each for half a year. Humidity causes of rainfall 
come from two sources namely, the southwest 
monsoon and the tropical cyclone. The mean annual  

 

rainfall of the region is 1,420 mm (2006 to 2014) 
and normally peaks in August. The mean annual of 
actual evapotranspiration of the same periods as 
rainfall is about 910 mm and also peaks in August 
due to large amount of soil water availability (Fig. 
2). 

 

The landform of the study area is a mild 
undulating terrain with highest elevation of 180 m 
(from the annual mean sea level) at the southernmost 
of the watershed and the lowest at the confluence with 
the Mun River of about 140 m (amsl.). Its geology is 
the Khorat Group with the majority of Mahasarkham 
formation. The formation consists of sandstone, 

mudstone, and rock salt-producing sandy, clayey, and 
saline soils. The soils of the whole watershed were 
studied for hydrological properties and classified into 
4 hydrological soil groups as shown in Table 1 and 
Fig. 3. The main soil groups are C and D which can 
produce large amount of runoff. This is one of the 
reasons for frequent flooding of the downstream area. 

 

Fig. 1 Study area with drainage networks and other information. 

 
Fig. 2 Actual evapotranspiration of the region. 
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Table 1 Hydrological soil groups and their hydrological properties. 
 

  
Land use 

Area % CN II 
CN*%Area  CN II 

  km2  Area Soil A  Soil B  Soil C  Soil D  

2014 

residential 109.60 7.02 77 85 90 92 6.18 

  77.64 

paddy field 1,167.06 74.76 59 70 78 81 57.51 

upland crop 178.73 11.45 62 71 78 81 8.99 

forest 31.94 2.05 30 55 70 77 1.12 

tree bush 35.15 2.25 30 55 70 77 1.37 

water body 38.56 2.47 100 100 100 100 2.47 

2010 

residential 108.39 6.94 77 85 90 92 6.10 

  77.58 

paddy field 1,206.16 77.27 59 70 78 81 59.43 

upland crop 160.60 10.29 62 71 78 81 7.95 

forest 36.78 2.36 30 55 70 77 1.24 

tree bush 10.42 0.67 30 55 70 77 0.38 

water body 38.67 2.48 100 100 100 100 2.48 
 

 
Fig. 3 Hydrological soil groups of the Lam 

Takhong Watershed. 

 
The land-use of the study area was derived from 

the two land-use maps (2010 and 2014) of the 
Department of Land Development of Thailand. The 
land-use types were classified into 6 types with the 
majority of paddy fields and upland crops (Fig. 1 and 
Table 2). The change of 2010 land-use to 2014 one is 
negligibly small therefore we used 2014 one in our 
curve number (CN) calculations. The CN value is the 
function of soil, land-use, and antecedent soil 
moisture. We normally estimate CN2 first from look-
up tables then it is changed to CN1 or CN3 for dry or 
wet conditions, respectively, using antecedent rainfall 
see Eqs. (6) and (7). 

Table 2 Land-use classification and curve numbers class 2 (CN2). 
 

HSG Description 
Area 

Final Infiltration 
Rate

Field capacity  Wilting point 

km2 (mm/h) (%) (%) 

A 

Lowest Runoff 
Potential. Includes deep 
sands with very little 
silt and clay, also deep  

128.21 8-12 5.5 2 

B 

Moderately Low 
Runoff Potential. 
Mostly sandy soils less 
deep than A 

201.23 4-8 28.4 12.15 

C 

Moderately High 
Runoff Potential. 
Comprises shallow soils 
and soils containing 
considerable clay and 
colloids, 

604.75 1-4 33.95 13.4 

D 
Highest Runoff 
Potential. Includes 
mostly clays. 

626.84 0-1 33.5 20.2 
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3. METHODOLOGY 
 
3.1 Water Balance of Lam Takhong Watershed 
 

Water balance can be defined as the inflow rate 
subtracted by outflow rate equals to time rate of 
change of the soil water. We are only interested in the 
critical zone which ranges from the base of effective 
root zone up to the crown of the plant [3]. Considering 
the whole watershed, the only input is assumed to be 
precipitation even though there are some other 
inflows but they are so negligibly small [4]. There are 
three outputs namely runoff, evapotranspiration, and 
groundwater recharge. Water balance equation for the 
effective root zone can be written as [3]: 

 
୞ୢ஘

ୢ୲
ൌ    P െ E െ R െ D                                           (1) 

 
where Z is thickness of effective root zone, θ is 
moisture content of the soil, P is precipitation, E is 
evapotranspiration, R is runoff, and D is deep 
drainage below the root zone. In the form of finite-
difference Eq. 1 is: 
 
Zሺθ௧  െ θ୲ିଵ ሻ  ൌ  P୲ െ E୲ െ R୲ െ D୲         (2) 
 
where subscript t and t-1 are the present time and the 
past time for one period, respectively. In case of daily 
time series t and t-1 are today and yesterday. The 
definition of effective root zone, Z, is loosely defined 
as the depth of soil with rather constant moisture 
content plant root can however penetrate much deeper 
than that [3].  Several studies of variability of soil 
moisture content in the Northeast of Thailand found 
that northeastern soil profiles normally keep moisture 
constant at about 1 m depth [5]-[6]. So we presume Z 
value at 1 m deep that Zθt and Zθt-1 are the soil water 
depths of today and yesterday, respectively. The 
equation to predict soil water depth for today can be 
written as: 
 
  Zθ୲ ൌ Zθ୲ିଵ ൅ P୲ െ E୲ െ R୲ െ D୲                           (3) 
 
The upper and lower limits of soil moisture content 
are the field capacity and permanent wilting point 
conditions, respectively. By deducing from the study 
of, for example, [5].  we obtained soil water depths of 
10 and 150 mm for lower and upper limits.    
 
3.2 Direct Runoff  
 

A direct runoff (R) is a part of the whole 
precipitation that flow along the soil surface and 
shallow interflow to constitute the river flow. One of 
the most popular methods to evaluate direct runoff is 
the soil conservation service curve number (SCS-CN) 
method [7]. It is the function of total precipitation (P) 
and potential retention of soil (S) at the time of runoff 
occurring which can be written as [8], 

R ൌ    ሺ୔ ି ୍ୟሻమ

ሺ୔ି୍ୟାୗሻ
    for P > Ia                                    (4a) 

 
R  ൌ     0           otherwise                                    (4b) 

 
where Ia is initial abstraction (mm) meaning the 
volume of precipitation loss before runoff to begin 
and is a function of potential retention, S, as  
 
Ia  ൌ    λS                                                                  (5) 
 
where λ is the ratio of initial loss to potential retention 
which was assigned to 0.2 at the beginning [9]. 
Several studies found the values of λ in the range of 0 
to 0.3 [10]-[11]. Most of the studies in semiarid 
regions obtained the λ values less than 0.2 at the 
average of 0.05 [12] however for the area of humid 
climate the λ values are higher than 0.2 or up to 0.3 
[13]. Lam Takhong (Buriram) watershed is in sub-
humid climate in which its initial abstraction may be 
in the middle between humid and semiarid climates. 
We decided λ to be 0.1 in this watershed. 

For simplicity, the value of S is related to a 
dimensionless parameter called curve number (CN) 
which depends on land use, soil type, and antecedent 
soil moisture [7]. The CN values are classified with 
antecedent soil moisture into three groups. The values 
of CN1, CN2, and CN3 are for antecedent wet soil, 
normal, and dry soil respectively. The CN2 value can 
be determined from the prepared tables e.g. [2] then 
CN1 and CN3 can be evaluated from CN2 as: 
 

CN1 ൌ ସ.ଶେ୒ଶ

ሺଵ଴ି଴.଴ହ଼େ୒ଶሻ
                                      �     (6) 

 

CN3 ൌ ଶଷେ୒ଶ

ሺଵ଴ା଴.ଵଷେ୒ଶሻ
                                                   (7) 

 
The antecedent soil moisture in this study was classed 
using the depth of rainfall of two previous days plus 
half of today. The potential retention of the 
watershed, S, can be calculated from CN value as 
 

S ൌ  ଶହସ଴଴

େ୒
െ  254                                                   (8) 

 
3.3  Evapotranspiration 
 
 In majority of water balance models the value of 
actual evapotranspiration (Ea) is always the unknown 
or output of the model, but in this study, we estimated 
Ea directly from climatic data with the model of 
Morton's complementary relationship areal 
evapotranspiration (CRAE). [14]. extended the 
assumption of [15] which stating that the sum of 
regional actual evapotranspiration (E) and potential 
evapotranspiration (Ep) rates equals to twice the wet 
environment evapotranspiration rate (Ew), namely 
 
 E ൅  E୮     ൌ    2E୵                           �������������������(9) 
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Morton (1983) solved this equation using two 
equations, the energy balance, and vapor transfer 
equations, respectively, 
 
E୮ ൌ R୘ െ ሾf୘ ൅ 4εσሺT୔ ൅ 273ሻଷሿሺT୔ െ Tሻ      (10) 
 
E୮     ൌ     f ୘ሺe୔  െ eୢሻ                                     ���(11) 
 
in which TP and T are the equilibrium and air 
temperatures, respectively, in degree C; RT is the net 
radiation at critical zone at air temperature;  is 
psychrometric constant; σ is the Stefan-Boltzmann 
constant; ε is the surface emissivity; fT is the vapor 
transfer coefficient; eP and ed are the saturated vapor 
pressure at TP and at dew point temperatures, 
respectively. Eq. (10) and (11) can be solved for Ep 
and Tp by iterative technique. The value of Ew can be 
estimated from [16]:  
 

E୵ ൌ bଵ ൅ bଶሾ
౦

ሺ౦ାሻ
ሿሾR୬ െ 4εσT୔

ଷሺT୔ െ Tୟሻሿ   (12) 

 
where b1 accounts for large scale advection during 
season of low net radiation is equal to 14 W/m2, and 
b2 equals to 1.20, p is the slope of the saturated vapor 
pressure curve at Tp. Eqs (9) to (11) can be solved for 
actual evapotranspiration, E, [14]. 

Since solving simultaneously Eqs (9) to (11) is 
very complicated however [17] presented a computer 
programming in R language to solve them. The daily 
climatic data from 1/1/2006 to 31/1/2014 were used 
in this calculation. The accurate output results from 
MortonCRAE model must be in monthly forms. 
 
3.4 Groundwater Recharge 
 

Groundwater is one of the important hydrologic 

components. It resides in aquifers far below the 
bottom of effective root zone. Top of the uppermost 
aquifer is a water table. The drainage water from the 
root zone feeds the groundwater system through the 
unsaturated zone down to the water table called 
groundwater recharge. The drainage from root zone 
begins when the root zone reaching field capacity 
which is about 150 mm of soil water of the root zone 
[18].  Groundwater can be lost from an aquifer by two 
ways discharging to rivers as baseflow and flowing 
upward to a root zone as capillary action. 

 
3.5 River Flow 

 
 River flow is composed of direct runoff and 
baseflow. The former comes from precipitation 
whereas the later from groundwater discharge. The 
baseflow of the interest region is one of the lowest in 
the Mekong Basin which is about 53 mm/year [18].  
We estimated baseflow from the concept of baseflow 
index, ib, which is 
 

ib    ൌ    ୖ

୕
                                                             (13) 

 
where R and Q are runoff and river flow, respectively. 
We obtained the value of baseflow index from [19].  
Which is about 0.17. 

 
4. RESULTS AND DISCUSSION 
 

The time series of rainfall, runoff, and actual 
evapotranspiration of the study area from 2006 to 
2014 are shown in Fig. 4. It shows the distributions of 
rainfall, runoff, and ETa for each year. The runoff and 
ETa are always followed the pattern of rainfall. The 
daily distribution of rainfall for each month of the 
years dictates the amounts of runoff and ETa. 

 

Fig. 4 The time series of rainfall, runoff, and actual evapotranspiration of the study area. 
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Table 3 summarizes the results of the water 
balance during 2006 to 2014 period. The highest 
annual rainfall was in the years 2008, 2006, and 2011 
at 1839, 1545, and 1527 mm, respectively which 
produced runoff at 524, 392, and 425 mm while ETa 
at 963, 964, and 838 mm, and river flow at 613, 472, 
and 498 mm. The second-largest precipitation (2006) 
produced the least river flow among these three years 
due to its lower runoff and higher ETa. This shows 
that higher precipitation does not mean to produce 
higher river flow.  

 The lowest annual rainfall were in the years 2007, 
2013, and 2009 at 1,153, 1,183, and 1,303 mm 
respectively which produced surface runoff at 292, 
265, and 296 mm, ETa at 879, 885, and 882 mm, and 
groundwater recharge at 0, 45, and 149 mm. The 
precipitation of the year 2007, even though, was 
much less than that of the year 2013 but it produced 
runoff as high as that of the year 2013, that is why it 
could not produce groundwater recharge, it was the 
only year without groundwater recharge.  

From Table 3, we can evaluate the runoff 
coefficient of the study area as 0.25 for surface runoff 
and even higher for that of river runoff at 0.3 which 
is quite high for the mean value of Northeast region 
e.g. for the Chi-Mun Basin the runoff coefficient is 
0.1-0.15 [20]. This discrepancy indicates that the 
runoff from the study watershed is exceptionally very 
large due to soil and land-use types. The soils of the 
watershed are mostly clayey and compact sandy soils 
of Roi-et series which is the paddy soil (Fig. 2). The 
main land-use of the study area is paddy field which 
is saturated most of the time during rice growing 
season (Fig. 1). The saturated and heavy soil creates 
high rate of runoff [2]. 

 
 
 

5. CONCLUSIONS 
 
We presented an effective water balance tool for 

generating hydrological data from the available and  
accurate meteorological data for an ungauged or 
poorly gauged watershed. Rainfall data as well as 
other essential meteorological data were needed for 
our procedure.  The soil water conservation service-
curve number (SCS-CN) method was used to 
transform rainfall data to surface runoff values with 
the helped of land-use and soil information. The 
actual evapotranspiration (ETa) was evaluated from 
meteorological data using Morton's CRAE method. 
Knowing 3 hydrological components namely rainfall, 
runoff, and ETa, the water balance of the root zone 
proceeded. The groundwater recharge and the river 
flow were evaluated with the help of baseflow index. 
The generation of hydrological data for a watershed 
is very useful for the  and reservoir management. It is 
interesting to compare this method to any accurate 
gauged data in the future. 
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