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Abstract—The climate change is a main parameter which affects 

the element of hydrological cycle especially runoff. Then, the 
purpose of this study is to determine the impact of the climate change 
on surface runoff using land use map on 2008 and daily weather data 
during January 1, 1979 to September 30, 2010 for SWAT model. 
SWAT continuously simulate time model and operates on a daily 
time step at basin scale. The results present that the effect of 
temperature change cannot be clearly presented on the change of 
runoff while the rainfall, relative humidity and evaporation are the 
parameters for the considering of runoff change. If there are the 
increasing of rainfall and relative humidity, there is also the 
increasing of runoff. On the other hand, if there is the increasing of 
evaporation, there is the decreasing of runoff. 
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I. INTRODUCTION 
O accurately estimate future supplies for water resources 
management plans, the effects of global climate change on 

runoff should be considered because the runoff is the main 
element of hydrology and water resources management. The 
runoffhave been addressed by the assessment of various 
global, region and nation [1], [2]. Normally, global runoff is 
computed using existing global climate models. However, the 
result from these model are based on quite inaccurate because 
of low spatial resolution, poor representation of soil water 
processes, and the lack of calibration against measured 
discharge [3]-[6]. Furthermore, there are many researches 
about the sensitivity of runoff to climate changes for many 
watersheds in the world. These researches are based on the 
watershed scale hydrologic models and the general circulation 
model (GCM) which can be uncertain and downscaling their 
estimation for local hydrologic use. Then, the sensitivity of 
runoff to climate change should be understood by analyzing 
the historical data [7]-[11]. Since runoff is affected by the 
climate change, the purpose of this study is to determine the 
effects of the climate change on surface runoff. To achieve 
this objective, land use map on 2008 and daily weather data 
during January 1, 1979 to September 30, 2010 were input data 
to SWAT. 
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II. MATERIALS AND METHODS 

A. Description of Study Area 
The upper Mun river basin is in northeast Thailand and it 

locates in the southwestern portion of the Khorat Plateau. It 
lies between latitude 14° 7’N and 15° 46’N, and longitudes 
101° 11’E and 103° 00’E. The catchment area of the upper 
Mun river basin comprises 20.905 km2 and consists of Lam 
Choengkrai, Lam Takhong, Lam Phraphloeng, upper part of 
Lam Nam Mun, Lam Sae, Lam Chakkarat, Lam Sa-Had, 
upper and lower part of Lam Paimash, and Lam Nam Mun 
part II subbasin. There are five large reservoirs included Lam 
Takhong, Lam Phraphloeng, Lam Sae, Lam Mun Bon, and 
Lam Paimash reservoirs and there is water storage from these 
five reservoirs about 939 million m3. During 1979 to 2010, the 
average annual rainfall of the basin was 1080 mm while the 
maximum, minimum, and average of daily temperature were 
32.41°C, 21.88°C, and 27.14°C, respectively.  

B. Climate Change 
The recorded daily data during January 1, 1979 to 

September 30, 2010 included temperature, rainfall, relative 
humidity, and evaporation in weather stations were analyzed 
to determine the tendency of these data. It can be presented 
that for the temperature there is the increasing of maximum, 
minimum, and mean temperature during 32 years equal to 
0.015°C, 0.044°C, and 0.014°C, respectively. The different 
temperature from day to day was 5.92°C – 10.13°C in a year 
shown the high fluctuation. A number of a day in a year which 
the different temperature from day to day is more than 3°C 
was 28, 13, and 5 days for maximum, minimum, and mean 
temperature, respectively. The number of day in a year, which 
is less than 25°C, equals to 6, 318, and 72 days for maximum, 
minimum, and mean temperature, respectively and the number 
of day in a year included more than 35°C for maximum 
temperature is 74 days. Moreover, the mean monthly 
temperature for maximum and minimum temperature were 
35.6°C in April and 17.17°C in December, respectively. 

The recorded daily rainfall during 32 years was considered 
to be monthly rainfall and annual rainfall. The result presents 
that there is a high total rainfall from May to October while 
there is a low total rainfall from November to April. The 
highest total rainfall is in September (218.81 mm/month) but 
the lowest total rainfall is in December (3.52 mm/month). The 
mean annual rainfall is 1073.62 mm. The highest annual 
rainfall was 1386.33 mm in 2000 while the lowest annual 
rainfall was 693.13 mm in 1997. 

The recorded of daily relative humidity included maximum, 
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minimum, and mean daily relative humidity was averaged 
using the data from all weather stations. They are consisted of 
88.27%, 52.15%, and 72.03% for maximum, minimum, and 
mean daily relative humidity, respectively. The increasing 
tendency of mean daily relative humidity is 0.008% during 30 
years. 

The daily evaporation during 32 years was considered and 
the result shows that the mean monthly evaporation equals to 
4.93 mm. The high mean monthly evaporation is from 
February to July which is more than 5 mm. The highest mean 
monthly evaporation is in April while the lowest mean 
monthly evaporation is in October. The increasing tendency of 
evaporation is 0.0008 mm during 32 years. 

C. Soil and Water Assessment Tool (SWAT) 
SWAT is hydrological model which continuously simulate 

time model and operates on a daily time step at basin scale. 
The main components of SWAT are consisted of weather, 
hydrology, sedimentation, crop growth, nutrients, pesticides, 
agricultural management, and stream routing [12]. However, 
this study focuses only on weather, hydrology, agricultural 
management, and stream routing to estimate surface runoff. 

The surface runoff is calculated using the SCS runoff curve 
number and daily rainfall while the evapotranspiration is 
computed using [13], [14], or [15] depended on data available. 
The function of potential evapotranspiration and leaf area 
index are applied to estimate potential soil water evaporation 
while the exponential function of soil depth and water content 
is concerned to calculate actual soil evaporation. Plant water 
evaporation is simulated using the linear function of potential 
evapotranspiration, leaf area index, and root depth. Moreover, 
the simulation of hydrologic process in SWAT consist of 
infiltration, percolation losses, channel transmission losses, 
channel routing, and surface, lateral, shallow aquifer, and deep 
aquifer flow [12], [16]-[20]. 

The study area included the large scale spatial 
heterogeneity, considering information from the elevation map 
(DEM), the soil and land use map, is divided into subbasins 
and each subbasin is discriminated into a series of hydrologic 
response units or HRUs, which are unique soil and land use. 
SWAT model simulates soil water content, surface runoff, 
nutrient cycles, sediment yield, crop growth and management 
practices in each HRUs. Thereafter, the result of this 
simulation aggregated for the subbasin by a weighted average. 
Moreover, each subbasin is consisted of slope, reach 
dimensions and climate data. For climate data, the station 
nearest to the centroid of each subbasin is considered. The 
routing through the river system is concerned using the 
variable storage or Muskingum method [20]. 

In each HRU, water is stored in rainfall, soil profile (0-2 m), 
shallow aquifer (typically 2-20 m) and deep aquifer. The SCS 
curve method which estimates runoff based on land use, soil 
type, and antecedent moisture condition is applied in SWAT 
model to calculate surface runoff from daily rainfall [20]. 

The soil profile is subdivided into multilayer and it supports 
the process of infiltration, evaporation, plant uptake, lateral 
flow, and percolation to lower layers. The soil percolation is 

concerned to estimate flow to soil layer in root zone using the 
method of water storage capacity. When field capacity of soil 
layer is exceeded and layer below is not saturated, the 
percolation to lower layers occurs. The simulation of daily 
average soil temperature is based on the function of maximum 
and minimum air temperature. There is not percolation to 
lower layer when temperature in soil layer is less than or equal 
0oC. Groundwater flow contribution to total stream flow is 
simulated by routing a shallow aquifer storage component to 
the stream [19], [20]. 

Weather data is the most fundamental input of hydrological 
model like SWAT. The daily data of rainfall and 
minimum/maximum temperature are required for SWAT. 
However, in many areas of the world including upper Mun 
river basin, the weather station network is not very dense and 
data duration is quite short. Moreover, there are many missing 
data and erroneous data. Then, to simulate missing data, the 
weather generator program WXGEN is applied in SWAT 
model. The WXGEN program fills data gap or extends time 
series of daily data based on monthly statistics. Then, if daily 
data is not available, this program is not useful [21]. 

Thereafter, water balance is applied in everything that 
occurs in the watershed. To accurately computation water 
balance, the hydrologic cycle must suitable for the simulation 
that is happening in the watershed. There are two major 
division of hydrologic cycle for the watershed. Firstly, the 
land phase of the hydrologic cycle is concerned to control the 
amount of water loading to the main channel in each sub-
watershed. Secondary, the water phase of the hydrologic cycle 
is considered for the movement of water through the channel 
network of the watershed to the outlet. The water balance 
equation simulated in hydrologic cycle is presented as  
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where fS  is the final soil water content (mm OH2 ), iS  is 

the initial soil water content (mm OH2 ), t is the time (days), 
P  is the precipitation on day i (mm OH2 ), sQ  is the surface 
runoff on day i (mm OH2 ), ET  is evapotranspiration on day 
i (mm OH2 ), w  is the water entering the vadose zone from 
the soil profile on day i (mm OH2 ), and gQ  is the return 

flow on day i (mm OH2 ). 

D. Calibration 
The calibration of SWAT model is based on measured data 

at the outlet of watershed and the simulated runoff was 
compared with observed field data for the period of 2005-
2010. There are 2 steps of the calibration. Firstly, the R2 of the 
comparison between daily simulated runoff and observed field 
data equals to 0.43. These results agrees with the study of [22] 
(R2 = 0.40), [23] (R2 = 0.40) and [24] (R2 = 0.45). The mean 
daily runoff of the observed field data and the simulated 
runoff are 5.90 m3.s-1 and 5.30 m3.s-1, respectively. Finally, the 
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R2 of the comparison between monthly simulated runoff and 
observed field data equals to 0.78. These results relate to the 
study of [25] (R2 = 0.63), [23] (R2 = 0.70), [26] (R2 = 0.72), 
[27] (R2 = 0.73), [28] (R2 = 0.66), [29] (R2 = 0.76), [30] (R2 = 
0.74) and [31] (R2 = 0.77). The mean monthly runoff of the 
observed field data and the simulated runoff are 5.93 m3/s and 
5.28 m3/s, respectively. These comparisons present that, in 
simulation, the mean monthly runoff is better than the daily 
runoff. Then, the mean monthly runoff is displayed in this 
study. 

The estimation of runoff using SWAT is included erroneous 
result because of (1) limited and unevenly distributed gauge 
stations with varies time series length and (2) the lack of data 
on soil moisture and deep aquifer percolation which are 
considered for calibration and validation in SWAT model 
[21]. 

III. RESULTS AND DISCUSSION 
The effect of climate change on runoff during 1979 to 2010 

is described using the climate parameter contained 
temperature, rainfall, relative humidity and evaporation as 
following. 

The relationship between mean temperature and mean 
monthly runoff is presented on Fig. 1. These results are the 
computed surface runoff from 1979 to 2010. It can be 
interpreted that there is the wide distributions of surface 
runoff. The tendency of relationship between mean 
temperature and mean monthly runoff is not clarity although 
among of linear equation, exponential equation and 
polynomial equation are considered this relationship. Then it’s 
difficult to concern the change of runoff using only 
temperature. 

 

 
Fig. 1 The relation between mean monthly runoff and mean 

temperature 
 
The relationship between total monthly rainfall and mean 

monthly runoff is presented on Fig. 2. If there is the increasing 
of rainfall, there is also the increasing of runoff. Thereafter, 
the monthly runoff is averaged shown in Fig. 3. It can be 

explained that if the mean rainfall is more than 170 mm, the 
mean monthly runoff is rapidly increase. If there is a heavy 
rainfall, the flooding can occur in the area. Then, rainfall is a 
parameter to consider the change of runoff. 

 

 
Fig. 2 The relationship between mean monthly runoff and total 

monthly rainfall 
 

 
Fig. 3 The relationship between mean monthly runoff and total 

monthly rainfall 
 
The relationship between mean monthly relative humidity 

and mean monthly runoff is shown on Fig. 4. The tendency of 
this relationship is explicated that the mean monthly runoff is 
increasing if the mean monthly relative humidity is also 
increasing. To concern the tendency of mean monthly relative 
humidity, the mean monthly runoff is averaged shown in Fig. 
5. It can be explained that, the mean monthly runoff is 
gradually increasing from 53% to 73%. If the mean monthly 
relative humidity is more than 73%, the mean monthly runoff 
is rapidly increasing. Then, the mean monthly relative 
humidity is a parameter to concern the change of runoff. 
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Fig. 4 The relationship between mean monthly runoff and mean 

monthly relative humidity 
 

 
Fig. 5 The relationship between mean monthly runoff and mean 

monthly relative humidity 
 
The relationships between mean monthly evaporation and 

mean monthly runoff are presented on Fig. 6. The mean 
monthly runoff is decreasing if there is the increasing of mean 
monthly evaporation. The tendency of mean monthly runoff 
presents in Fig. 7. The mean monthly runoff is rapidly 
decreasing if the mean monthly evaporation is increasing. 
Moreover, the decreasing of mean monthly evaporation from 
3.25mm to 4.75mm is more than that from 4.75mm to 7.00 
mm. Then the mean monthly evaporation is a parameter to 
consider the change of runoff. 

 
Fig. 6 The relationship between mean monthly runoff and mean 

monthly evaporation 
 

 
Fig.7 The relationship between mean monthly runoff and mean 

monthly evaporation 
 
The results of the study can be concluded that the rainfall, 

relative humidity and evaporation are the parameters for the 
considering of runoff change. If there are the increasing of 
rainfall and relative humidity, there is also the increasing of 
runoff. On the other hand, if there is the increasing of 
evaporation, there is the decreasing of runoff. Moreover, the 
effect of temperature change cannot be clearly presented on 
the change of runoff. 
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