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ABSTRACT  

This study investigates the effects of land use and land cover change (LULCC) between 

1999, 2009 and 2015 of Huai Ban Bo sub-watershed, Suanphueng district, Ratchaburi 

province, Thailand on runoff and sediment load for 1999, 2009 and 2015 years. A base 

map produced from Landsat 5 TM images and field visit/interview had been carried out 

for land use and land cover analysis. NRCS methods was used to evaluate the effect of 

LULCC on rainfall–runoff and RMMF model was used to evaluate the effect of 

LULCC on soil erosion rate relationships.  

 

The result of the analysis indicated that mixed deciduous forest change from 1999 to 

2015 was decreased from 69 % to 64 %. In contrast, agricultural was decreased by 2% 

in 2015 while built-up land change from 1999 to 2015 was increased from 7% to 12% 

and shrubs was increased by 1% in 2015.  From the surface runoff estimation found 

that, in 1999 there was 243.2 mm out of total rainfall 1297.60 mm (18.74 %). In 2009, 

the total rainfall was 58 mm. and there was no runoff. In 2015, runoff was 164.77 mm 

out of rainfall total 560 mm (29.42%). The rates of soil erosion in 1999, 2009 and 2015 

were 1.15, 0.002 and 0.65 kg/m
2
 respectively. In the event of three years average 

rainfall (780.80 mm), the amount of surface runoff in 1999, 2009 and 2015 were found 

at 270.75, 289.77 and 330.82 mm (18%, 19% and 22%), whereas the soil erosion rate 

were 0.38, 0.68 and 0.98 kg/m
2
 respectively. By compared the amount of surface runoff 

with land use and land cover found that, increased of built-up land and shrubs, increased 

the surface runoff (r = 0.957 and 0.948). Whereas there was highly positive correlation 

between built-up land and the shrubs and soil erosion rate. (r = 0.94 and 0.93) indicated 

that the transformation of forest areas to built-up land increased the rate of soil erosion. 
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1. INTRODUCTION  

Land use and land cover (LULC) are one of the most important factors affecting runoff 

and soil erosion process. Many researchers found that decrease of plants cover are 

correlate with increase of runoff and soil loss [1] [2] [3]. Regarding to main objectives 

of watershed management are optimum use of land and resources, over use of that land 

and resources can cause runoff and soil loss increase rapidly [4] [5]. In the past decade 

human were modified land and resources to serves themselves. Thus, the effect of 

LULC on runoff and soil erosion in a watershed scale needs to be assessed. 

Conventional methods to assess effect of LULC on runoff and soil loss are costly, time 

consuming, and difficulty of inaccessible terrain in many of the watersheds [6]. Thus, 

the use of Geo-Informatics, to generate land based data for conserving soil and water 

resources in the watershed are very useful. In this study, Geo-Informatics were used to 



classified LULC type of 1999, 2009 and 2015 years from Landsat 5 TM images. 

Natural Resources Conservation service Curve Number (NRCS-CN) method [7] and 

Revised Morgan, Morgan and Finney (RMMF) model (Morgan 2001) were used to 

assess runoff and soil erosion rate of the study area.    

2. OBJECTIVE 

The main objectives of this study are (i) to study land use and land cover change 

(LULCC) and (ii) to study effect of LULCC on runoff and annual soil erosion rates in 

Huai Ban Bo sub-watershed, Suanphueng district, Ratchaburi province, Thailand. 

3. METHODOLOGY 

3.1 Materials 

In the present study, LULC map of 1999, 2009 and 2015 years were derived from 

Landsat 5 TM satellite images. The hydrological soil group (HSG) was produced from 

soil group map of Land development department [8]. The slope data was classified from 

digital elevation model of Aster G-Dem 30x30 data.  Rainfall data of Thai 

Meteorological Department [9] at Suan Phueng station lies within watershed was used. 

3.2 Runoff estimation 

Natural Resource Conservation Service Curve Number (NRCS-CN) method was used 

for runoff estimation as it simple and few requires prarameters [10] [11] [6].  

F/S = OF / (P-I)     (1) 

Where 

F   is actual retention (mm)  

S   is initial abstraction and maximum losses after overland flow begins (mm) 

OF   is the overland flow in a rainfall event or actual direct runoff (mm)  

P   is total rainfall (mm); and I initial abstraction (mm) 

I    is initial abstraction (mm) 

Overland flow (OF) was computed by the following equation 

OF = (P-0.2S)
2
/ (P+0.8S)  (P>0.2S)  (2) 

Since overland flow (OF) will occur when P greater than 0.2S, the following equation 

was applied when this occurs. The parameter S was related to CN which is a 

dimensionless runoff index determined based on HSG, land use, precipitation and 

antecedent moisture condition (AMC) 

S = (25400/CN)-254 (mm)    (3) 

3.3 Soil erosion estimation 

A revised Morgan, Morgan and Finney (RMMF) model was used to estimate the annual 

soil loss by sheet and rill erosion. This model is semi-physically based and estimates the 

rates of soil detachment by splash and runoff and compares the total rate of detachment 

with the runoff transport capacity to calculate the values of soil loss [12]. 



An estimation of rainfall energy and soil particle detachment by raindrop impact (F) can 

be done by using equation (4) to (10)  

ER = R*A      (4) 

LD = ER*CC      (5) 

DT = ER–LD             (6) 

KE (DT) = DT*(29.8- (127.5/I))    (7) 

KE (LD) = (5.8*PH
0.5

)-5.87    (8) 

KE = KE (DT) + KE (LD)    (9) 

F = K*KE*10
-3

      (10) 
Where 

A is rainfall intercepted by the vegetation or crop cover (between 0 and 1) 

CC is percentage canopy cover (between 0 and 1) 

DT is direct throughfall 

ER is effective rainfall (J/m
2
) 

F is soil particle detachment by raindrop impact (kg/m
2
) 

I is intensity of erosive rain (mm/h) 

K is soil detachability index (g/J)  

KE is total energy of the effective rainfall (J/m
2
) 

LD is leaf drainage  

R is annual or mean annual rainfall (mm) 

The annual runoff and the detachment of soil particles by runoff was estimated using 

equation (11) to (14) 

Q  = R*exp(-Rc/Ro)                  (11) 

Rc  = 1000*MS*BD*EHD*Et/Eo             (12) 

H  = Z*Q1.5*sinS(1-GC)*10
-3    

(13) 

Z  = 1/(0.5*COH)      (14) 

Where  

BD is bulk density of the top soil layer (Mg/m
3
) 

COH is cohesion of the surface soil (kPa)  

EHD is effective hydrological depth of soil (m) 

Et/E0 is ratio of actual (Et) to potential (E0) evapotranspiration   

H is the detachment by runoff (kg/m
2
) 

MS is soil moisture content at field capacity 
Q is annual runoff (mm) 

Rc is soil moisture storage capacity (mm) 

Ro is mean rain per rain day (mm) 

S is slop angle (
o
) 

Z is soil resistance to erosion 

The method for estimating soil particles transport capacity by runoff was performed by 

equation (15) 

TC = C*Q
2
*sinS*10

-3
     (15) 

 

 



Where 

C is the crop or plant cover factor 

Q is annual runoff (mm) 

TC is transport capacity of the runoff (g/m
2
) 

S is slope angle (
o
) 

The estimates of soil particle detachment by raindrop impact and by runoff are added 

together to give a total annual detachment rate. This is then compared with the annual 

transport capacity and the lesser of the two values is the annual erosion rate [13] [14]. 

 

3.4 Land use and land cover classification 

The cloud free Landsat 5 TM images acquired in January and February of years 1999, 

2009 and 2015 were download from USGS website [15]. DN to top of atmosphere 

(TOA) reflectance conversion method was applied to all the images to obtained actual 

reflectance of the objects on the earth surface. The Iterative self-organizing data 

analysis technique (Iso Data) was used to classify LULC of the study area. The accuracy 

assessment at more than 70% was done to check the quality of LULC classification 

map.   

 

4. RESULTS 

4.1 Land use and land cover change 

From the LULC map of 1999, 2009 and 2015 classified from Landsat images, the 

watershed has various type of land use and land cover. The results from Table 1 shown 

that there were a changes of LULC in the watershed from 1999 to 2015.  

Table 1 Land use and land cover in 1999, 2009 and 2015 

Categories 
1999 2009 2015 

Km
2
 % Km

2
 % Km

2
 % 

Dray Evergreen Forest 17355.94 21.54 17278.31 21.44 17279.44 21.45 

Mixed Deciduous Forest 55819.69 69.28 53016.75 65.80 51176.81 63.52 

Agricultural 1151.44 1.43 1054.69 1.31 1161.00 1.44 

Built up Land 5693.06 7.07 8086.50 10.04 9594.56 11.91 

Water 209.25 0.26 340.88 0.42 313.31 0.39 

Shrubs  343.69 0.43 795.94 0.99 1047.94 1.30 

Total 80573.07 100.00 80573.06 100.00 80573.06 100.00 

 

The actual percentages covered by different land use and land cover types in the years  

1999, 2009 and 2015 were presented in figure 1. The results show that mixed deciduous 

forest were decreased from 69% in 1999 to 64% in 2015. The Built up Land were 

rapidly increased from 7% in 1999 to 12% in 2015. Agricultural were slightly decreased 

from 2% in 1999 to 1% in 2015 and the Shrubs were slightly increased from 0.43% in 

1999 to 1.30% in 2015. 



 

Figure 1. Percentage of LULC types for 1999, 2009 and 2015 

4.2 Effect of LULC changes on runoff and soil erosion 

The analysis of annual runoff in the watershed (Figure 2) indicated that in 1999 there 

was 243.2 mm out of total rainfall 1297.60 mm (18.74 %). In 2009, the total rainfall 

was 58 mm and there was no runoff. In 2015, runoff was 164.77 mm out of rainfall total 

560 mm (29.42%).  

The rates of soil erosion (Figure 3) in 1999, 2009 and 2015 were 1.15, 0.002 and 0.65 

kg/m
2
 respectively. In the event of three years average rainfall (780.80 mm), the amount 

of surface runoff in 1999, 2009, 2015 were found at 270.75, 289.77 and 330.82 mm 

(18%, 19% and 22%) whereas the soil erosion rate were 0.38, 0.68 and 0.98 kg/m
2
 

respectively. 

 

 

Figure 2 Rainfall and runoff of the watershed 
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Figure 3 Rainfall and runoff of the watershed 

5. CONCLUSION  

The result of the analysis indicated that mixed deciduous forest change from 1999 to 

2015 was decreased from 69 % to 64 %. In contrast, agricultural was decreased by 2% 

in 2015 while built-up land change from 1999 to 2015 was increased from 7% to 12% 

and shrubs was increased by 1% in 2015.  From the surface runoff estimation found 

that, in 1999 there was 243.2 mm out of total rainfall 1297.60 mm (18.74 %). In 2009, 

the total rainfall was 58 mm. and there was no runoff. In 2015, runoff was 164.77 mm 

out of rainfall total 560 mm (29.42%). The rates of soil erosion in 1999, 2009 and 2015 

were 1.15, 0.002 and 0.65 kg/m2 respectively. In the event of three years average 

rainfall (780.80 mm), the amount of surface runoff in 1999, 2009 and 2015 were found 

at 270.75, 289.77 and 330.82 mm (18%, 19% and 22%), whereas the soil erosion rate 

were 0.38, 0.68 and 0.98 kg/m2 respectively.  

By compared the amount of surface runoff with land use and land cover found that, 

increased of built-up land and shrubs, increased the surface runoff (r = 0.957 and 

0.948). Whereas there was highly positive correlation between built-up land and the 

shrubs and soil erosion rate. (r = 0.94 and 0.93) indicated that the transformation of 

forest areas to built-up land increased the rate of soil erosion. 
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