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Abstract 

The Soil and Water Assessment Tool (SWAT) is a well prediction accuracy of agricultural watershed 

ecosystem depends on how well model input spatial parameters describe the characteristics of watershed. The 

aim of this study was to assess the effects on watershed ecosystem main functions in terms of water and 

sediment yield. It was calibrated and validated for streamflow in the watershed to evaluate alternative 

management scenarios and estimate their effects on watershed functions. The goodness of the calibration 

results was assessed by the coefficient of determination (R2). Results indicated that the average annual rainfall 

and streamflow estimations were quite satisfactory. On a daily scale R2 was about 0.69 and a monthly scale 

was 0.97 which can be considered as acceptable. However, using for the case study of an intensive agricultural 

watershed ecosystem, it was shown that model versions are able to appropriately reproduce the water balance, 

nutrients balance, carbon balance, and energy balance. Crop yield, total streamflow and total suspended 

sediment (TSS) losses calibration were performed using field survey information and data during 2008-2012. 

This study showed that SWAT model was able to apply for simulating and assessing streamflow, sediment, 

and nutrients successfully and can be used to study the effects of land use practices on water balance, nutrient 

balance, carbon balance and energy balance in the small scale of sub-watershed ecosystem as well. 
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1 Introduction 

 

 

 

1 Introduction 

Agricultural expansion and intensification have altered the quantity and quality of global runoff. Human 

transformation of global water flows has dramatically impacted ecosystems and the services they generate. 
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Through water withdrawals, land use and land cover changes, agriculture, which covers almost 40% of the 

terrestrial surface is arguably the major way in which humans change water quantity and quality (Foley, 2005). 

Agricultural production, and its related hydrological changes, has greatly increased during the 20th century. 

These changes are expected to continue in the 21st century. Population growth, the production of biofuels and 

increased meat consumption are driving increased agricultural demands. Nutrient runoff from agricultural 

fertilizer use has decreased water quality in aquatic ecosystems around the world (Galloway, 2004). 

 Soil erosion is a major concern for the sustainability of agricultural systems and a threat to the integrity of 

aquatic ecosystems. Soil erosion can lead to reduction of soil fertility, loss of nutrients, and declines of crop 

yields in farmlands. In a review of mechanized agricultural systems in which wheat, corn, soybean, and barley 

were planted, Bakker et al. (2005) found that on average, soil erosion reduced crop productivity by about 4% 

for each 10 cm of soil lost. The intensity of agricultural activities largely determines the magnitude of soil and 

nutrient (N, P and K) loss to surface water. As a consequence, sediment yields and leaching of pollutants into 

surface water can lead to degradation of important aquatic habitat, affect recreational uses of water, and 

introduce toxins into the human food chain (Gitau et al., 2005). These changes have driven rapid declines in 

nonagricultural ecosystem services, such as fisheries, flood regulation and downstream recreational 

opportunities. Despite these impacts, increases in agricultural production have reduced malnutrition and 

hunger, and agriculture has been an engine of economic growth in many countries. 

 An improved, synthetic understanding of how such regime shifts are produced is particularly urgent now 

because of growing demand for water, agricultural products, and other ecosystem services such as carbon 

sequestration, climate moderation, and erosion control. Climate change that is expected to generate 

unprecedented alterations in precipitation, soil moisture and runoff will make negotiating the complex 

hydrology-related ecological trade-offs of agriculture even more challenging. The application of watershed 

simulation models is indispensable when pollution is generated by a nonpoint source. These models should be 

able to simulate large complex watersheds with varying soils, land use and management conditions over long 

periods of time. A wide range of watershed models are available to predict the impact of land management 

practices on water, sediment and agricultural chemical yields. Examples of these models are the physically 

based event model ANSWERS (Beasley, 1991), the empirically based SWATCATCH model (Holman et al., 

2001), the physically based DWSM model (Borah and Bera, 2003) and the semi-empirical SWAT model 

(Arnold et al., 1998; Arnold and Fohrer, 2005; Gassman et al., 2007). One common characteristic between all 

these models is the reproduction of the water and nutrients movement at the watershed scale. Of all the models 

mentioned previously, the Soil and WaterAssessment Tool (SWAT) is the most capable model for long-term 

simulations in watersheds dominated by agricultural land uses. This model is designed to assess the impact of 

land use and management practices on water, sediments and agricultural chemicals in the irrigation returns 

flows.  

 SWAT has been modified and adapted to provide improved simulations of specific processes for specific 

watersheds (Gassman et al., 2007). Lenhart et al. (2005) modified SWAT99.2 to provide improved flow 

predictions (percolation, hydraulic conductivity, and interflow) for typical conditions in low mountain ranges 

in Germany. This SWAT-G modified version was also used to simulate sediments and phosphorus in the Dill 

catchment Hessen, Germany (Lenhart et al., 2003). The Extended SWAT (ESWAT) incorporated several 

modifications relative to the original SWAT model to simulate runoff and in stream processes at hourly time 

steps (Van Griensven and Bauwens, 2005). Van Liew et al. (2009) modified SWAT2005 to consider losses of 

organic nitrogen and phosphorus from bank erosion from top soil layers in three drainage areas located in the 

Bitterroot watershed. The model has proven to be an effective tool for assessing nonpoint source pollution for 
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a wide range of scales and environmental conditions (Gassman et al., 2007). The objective of this study was to 

describe the calibration of the SWAT model for flow in the Huai Ma Nai sub-watershed (HMN-SW) by 

comparing daily and monthly predicted. The model was then used to assess the effect of land use practices on 

watershed ecosystem main functions in terms of soil loss, water yield, and sediment yield. 

 

2 Study area and Methodology 

2.1 Study site 

The HMN-SW belongs to the Mae Thang Irrigation area located in the Phrae province in Thailand shown in 

Fig. 1. The total sub-watershed area is about 96 hectare with elevations ranging from 410 to 465 m above 

mean sea level. 
 

 

 

 

 

 

 

 

  

 

 

Fig. 1 Huai Ma Nai sub-watershed localization. 

 

The climate associated with the watershed is in a tropical forest with approximately 106 days per year of 

rainfall. Annual rainfall, humidity, and daily temperature averages from 1986 to 2011 are 1,177 mm, 86.20%, 

and 18.10°C, respectively. The rainy season is normally between May to October and dry season between 

November to April. Most of the HMN-SW is classified as rolling hill and mountainous area with slope ranging 

from 12-50%. Soil texture is medium to fine texture with low to medium natural soil fertility, high to medium 

natural organic matter content. According to Thai classification system, there are 4 soil series including; Li, 

MuakLek, Tha Yang, and Wang Saphung. Most of the land (90%) is unsuited for upland crops, only 10% of 

the area is poorly suited. 

2.2 Soil and Water Assessment Tool (SWAT) description 

SWAT is a continuous time model that operates on a daily time step, spatially semi-distributed, physically 

based model (Arnold et al., 1998). The watershed is divided into multiple sub-watersheds, which are then 

further subdivided into specific soil/land use characteristic units that are called hydrologic response units 

(HRUs). Based on a digital elevation model (DEM) and stream network, SWAT delineates watersheds into 
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sub-basin. The water balance of each HRU is represented by three storage volumes: soil profile (0–2 m), 

shallow aquifer (typically 2–20 m), and deep aquifer (>20 m). Flow generation, sediment yield, and chemical 

loadings from each HRU in a sub-watershed are summed, and the resulting loads are routed through channels, 

ponds, and/or reservoirs to the watershed outlet. The soil profile is subdivided into multiple layers that 

consider several soil water processes including infiltration, evaporation, plant uptake, lateral flow, and 

percolation. The soil percolation component of SWAT uses a storage routing technique to simulate flow 

through each soil layer in the root zone. Crop evapotranspiration is simulated as a linear function of potential 

evapotranspiration, leaf area index and root depth.  

 The computations in the SWAT model is based on the premise that the simulation of the hydrology of a 

watershed can be separated into two major divisions. The first division is the land phase of the hydrologic 

cycle. The land phase of the hydrologic cycle controls the amount of water, sediment, nutrient and pesticide 

loadings to the main channel in each sub basin. The second division is the water or routing phase of the 

hydrologic cycle, which can be defined as the movement of water, sediments, etc. through the channel network 

of the watershed to the outlet. The land phase of the hydrologic cycle is modeled in the SWAT based on the 

water balance equation: 

 

          ܵ ௧ܹ ൌ ܵ ܹ   ൫ܴௗ௬, െ ܳ௦௨, െ ܧ, െ ௦,ݓ  െ  ܳ௪,൯
୲

ୀ ଵ
 

 

where SWt is the final soil water content (mm), SW0 is the initial soil water content (mm), t is the time (days), 

Rday,i is the amount of precipitation on day i (mm), Qsurf,i is the amount of surface runoff on day i (mm), Ea,i is 

the amount of evapotranspiration on day i (mm), wseep,i is the amount of percolation and bypass flow exiting 

the soil profile bottom on day i (mm), and Qgw,i is the amount of return flow on day i (mm). 

The sub-basin/sub-watershed components of SWAT can be placed into eight major components including; 

hydrology, weather, erosion/sedimentation, soil temperature, plant growth, nutrients, pesticides, and land 

management. Erosion and sediment yield are estimated for each HRU with the Modified Universal Soil Loss 

Equation (MUSLE) (Williams et al., 1984). SWAT has been extensively validated across the U.S. for 

streamflow and sediment yields (Arnold et al., 1999). Limited validation of the SWAT nutrient simulation has 

been attempted. However, in this study, the surface runoff from daily rainfall was estimated using the modified 

SCS curve number (USDA-SCS, 1972) and the potential evapotranspiration (PET) was determined using the 

modified Penman–Monteith approach. The default values provided by the SWAT crop database were used for 

the crop phosphorus uptake and the optimal plant concentrations (Arnold et al., 1998). 

2.3 SWAT input data preparation 

ArcSWAT extension of ArcGIS 10.1 was employed in this study. An ArcMap project file that contains links to 

user retrieved data and incorporates all customized GIS functions into user ArcMap project file. The project 

file contains a customized ArcMap Graphical User Interface (GUI) including menus, buttons, and tools. The 

basic input data included the digital elevation model (DEM), land use map, soil map, and climate data for the 

HMN-SW. Three basic files needed by ArcSWAT were for delineating the basin into sub-basins and HRUs 

including; (1) the DEM was interpolated from topo to raster, (2) soil data were obtained from soil survey map 

provided by Land Development Department (LDD), and (3) the land use types. The summary of crop and land 

use types was shown in Table 1. 
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Table 1 Summary of crop and land use types in the Huai Ma Nai sub-watershed. 

Land use SWAT code 
Area 

Area (ha) % of watershed 

Maize CSIL 82.63 96.47 

Deciduous forest FRSD 1.95 2.28 

Orchard ORCD 1.07 1.25 

Soil 
Soil-62 81.88 95.60 

Soil-47 3.77 4.40 

Slope 

0-5 0.83 0.97 

5-25 58.09 67.82 

25-9999 26.73 0.97 

 

 

The major crops are maize and soybean. Every season the farmers were planted soybean after they were 

harvested the maize in the same area, which cover 96.47% of the entire watershed area. Deciduous forest areas 

account for 2.28% of the total watershed area. In this sub-watershed, there are two soil groups namely soil-62 

(95.60%), and soil-47 (4.40%). Regarding to climate data, SWAT requires daily precipitation, maximum and 

minimum air temperature, solar radiation, wind speed, and relative humidity. 

The ArcSWAT2012 was used to delineate the boundaries of the entire study area and its sub-basins, along 

with their drainage channels. The HMN-SW was divided into 29 sub-basins corresponding to 29 existing 

discharge and water quality monitoring stations. The total area of the HMN-SW determined by ArcSWAT was 

85.65 hectare, which is smaller than the actual site study because there were some discrepancies between the 

boundary definition by SWAT and the boundary surveyed in the field. Physical characteristics of each of sub-

basin and channel attributes are shown in Fig. 2 and Fig. 3. With SWAT threshold levels of 10% was used to 

land use and soil map. Total of 81 HRUs were defined by ArcSWAT in the HMN-SW.  

 

 

 

 

 

 

 

 

Fig. 2 Spatial data for SWAT model input (a) DEM (b) a soil group map and (c) a land use map of theHuai Ma Nai sub-
watershed. 

 

                      (a)                                (b)                                        (c)   
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Fig. 3 Total of 29 sub-basins and 81 HRUs in the Huai Ma Nai sub-watershed. 

 

The unique source of irrigation is from outside the watershed. The weather input data, including 

maximum and minimum daily air temperature, solar radiation, wind speed and relative humidity were obtained 

from the HMN-SW meteorological station, located at North latitude of 18°14ʹ, and East longitude of 100°24ʹ 

with altitude of 421 m above mean sea level. Parameters of farmers’ current management operations such as 

tillage, planting dates, fertilization, irrigation and harvesting were provided as inputs to the model. The 

amounts of organic and inorganic fertilizers applied to each crop grown in the MHN-SW were determined 

through farmer’s interviews and collected soil carbon sequestration in planted and soil with maize and soybean 

performed during the 2010 and 2011 planted seasons. 

2.4 SWAT calibration and assessment application  

SWAT input parameters are physically based and are allowed to vary within a realistic uncertainty range for 

calibration (Gassman et al., 2007). Simulations were carried out from January 1st, 2008 to December 31st, 2012 

using the standard split sample calibration–validation procedure (Klemeš, 1986). The period from January 1st, 

2008 to December 31st, 2008 served as the warm up period for the model in order to take for granted realistic 

initial values for the calibration period. Data from January 1st, 2009 to December 31st, 2009 were used for the 

calibration and the remaining data for validation. For SWAT simulation, the summary input file (input.std), the 

summary output file (output.std), the HRU output file (output.hru), the sub-basin output file (output.sub), and 

the main channel or reach output file (output.rch) were generated. The output.rch file contains the summary for 

each routing each in the watershed and its data were used for the calibration and validation processes. For the 

hydrological model calibration and validation, the observed streamflow values were compared with the 

FLOW_OUT values. The simulated sediments yields (SED_OUT) were compared with the total suspended 

sediments measured at the outlet.  

2.5 Simulation and assessment of watershed main functions on water and sediment yields 

After the basic climate and hydrological parameters were calibrated, SWAT was applied to simulate the 

impacts of main functions (water balance, nutrient balance, carbon balance, and energy balance) on water and 

sediment yields for the period of 2008–2012. First, the calibrated SWAT model was run using the input data 

set of 2008–2012 without modification of any parameters. Results from this run served as the baseline scenario. 

Second, the water balance, surface runoff, and reaches in general watershed parameters editor was applied to 

represent water balance and simulate the impacts of water on water and sediment yields. Nutrient and water 
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quality in general watershed parameter editor was applied to represent nutrient balance and simulate the 

impacts of nutrient on water and sediment yields. Carbon and urban Beneficial Management Practices (BMPs) 

parameters in HRU parameters was applied to represent carbon balance and simulate the impacts of carbon on 

water and sediment yields. Sub-basin parameters were applied to represent energy balance and simulate the 

impacts of energy on water and sediment yields. 

2.6 Model performance assessment 

Model performance was assessed by the coefficient of determination (R2), and the Nash–Sutcliffe efficiency 

(NSE) (Nash and Sutcliffe, 1970). The R2 represents the percentage of the variance in the measured data 

explained by the simulated data. The NSE indicates how close are the plots of the observed and the simulated 

data to the 1:1 line. NSE was calculated as: 

 

NSE ൌ 1 െ
∑ ሺܳ െ ܳ௦ሻଶ

ୀଵ

∑ ሺܳ െ ܳതതതሻଶ
ୀଵ

 

 

where Qo and Qs were the observed and simulated values, respectively, and Qo was the average of observed 

values. 

 

3 Results and Discussion  

3.1 Sensitivity analysis 

The sensitivity analysis performed with the observed data indicated that the effective saturated hydraulic 

conductivity in main soil (SOL_K) was the highest sensitive parameter (S = 0.5). Available water capacity 

factor (SOL_AWC), baseflow recession constant factor (ALPHA_BF), and curve number (CN2) had a medium 

sensitivity (S = from 0.7 to 1.5) and the remaining parameters were classified as low (S < 0.06). Without the 

use of observed data, the sensitivity of the parameters of groundwater and surface water flows increased and 

more parameters were in the ‘high’ and ‘medium’ sensitive classes. The threshold depth water in the shallow 

aquifer for percolation (REVAPMN) was ranked as the most sensitive parameter (S = 0.9), followed by the 

deep aquifer percolation coefficient (RCHRG_DP) and the soil evaporation compensation factor (ESCO) with 

S values of 0.2 and 0.5, respectively. The sensitivities obtained for REVAPMN, RCHRG_DP and ESCO were 

classified as high. These parameters were followed by six parameters with medium sensitivities including; CN2, 

SOL_AWC, ALPHA_BF, soil depth (SOL_Z), delay time for aquifer recharge or ground water delay time 

(GW_DELAY), and maximum potential leaf area index (BLAI). The sensitivities of the remaining parameters 

were classified as low (S < 0.06). 

3.2 Streamflow calibration  

Only those parameters with high and medium sensitivities were considered in the calibration process except 

SOL_AWC, CN2, and SOL_K. For SOL_K, the measured values were considered and SOL_AWC was 

already adjusted in the process of crop parameters adjustment. The default values and the adjusted values for 

each parameter considered in the calibration process are presented in Table 2. 
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Table 2 Default and final parameters values of SWAT used to calibrate streamflow at outlet. 

Parameters Default value Final value 

SOL_AWC (soil available water capacity; mm/mm) 

CN2 (Moisture condition II; curve number) 

SOL_K (Saturated hydraulic conductivity; mm/h) 

ALPHA_BF (baseflow alpha factor; days) 

RCHRG (the deep aquifer percolation coefficient; fraction)

GW_delay (ground water delay time; days) 

1 

0.3 

0.5 

0.1 

0 

0 

1.5 

0.7 

0.9 

0.5 

0.2 

7 

 

SWAT was manually calibrated and the daily simulated and observed streamflows at the HMN-SW outlet 

were compared to calibration periods (Fig. 4a). Minor discrepancies between the observed and simulated 

stream discharges were observed. During the calibration period, the calculated R2 on a daily scale was about 

0.69 (Fig. 4b). The monthly simulated and observed streamflows were compared with the precipitation (Fig. 

4c). The calculated R2 on a monthly scale was about 0.97 (Fig. 4d) which can be considered as acceptable. 

 

 

 

 

 

 

 

 

   

 

 

   

 

 

 

 

 

Fig. 4 Daily and monthly observed and simulated streamflows at the HMN-SW outletduring the calibration and the coefficient of 
determination (R2) periods. 
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From Fig. 4, it seems that the problem in simulating high peaks flows in SWAT model was occurred 

when it was implemented in particular climatic conditions of tropical rainforest. In addition, the SWAT over-

estimation of streamflows during high discharges might result from an underestimation of the daily 

precipitations (especially those events corresponding to peak stream discharges) arising from an inadequate 

sampling of sub-basin precipitations. Values of R2 greater than 0.8 were also found in several SWAT 

hydrological calibration studies (Kalin and Hantush, 2006; Wang and Melesse, 2006; Jha et al., 2007). 

3.3 SWAT simulation and assessing on main functions of watershed ecosystem 

3.3.1 Water balance 

This is considered as the first main functions of watershed ecosystem. Understanding the consequences of land 

use practices on hydrological processes, such as changes in soil loss, sediment yield and water yield from 

altering hydrological processes in terms of precipitation (P), evapotranspiration (ET), runoff (R), and water 

stored in the soil (∆S) is prime importance. Many these components water balance is considered to be the first 

main function of watershed ecosystem. The result of this function from the field and the SWAT model 

simulation are shown in Table 3. 

3.3.2 Nutrient balance 

The result of nutrient analysis in agricultural watershed ecosystem can be divided into 4 parts are as follow; (1) 

nutrient into the system (nutrient from rain and fertilizer or mineral), (2) nutrient loss (nutrient in runoff and 

harvesting), (3) nutrient storage in soil, and (4) net loss or gain. Only nitrogen (N) and phosphorus (P) can be 

able to simulation by SWAT model. The result in this study found that nutrient balance (N and P) from the 

observed value and the simulated value by SWAT model are shown in Table 4. 

3.3.2 Nutrient balance 

The result of nutrient analysis in agricultural watershed ecosystem can be divided into 4 parts are as follow; (1) 

nutrient into the system (nutrient from rain and fertilizer or mineral), (2) nutrient loss (nutrient in runoff and 

harvesting), (3) nutrient storage in soil, and (4) net loss or gain. Only nitrogen (N) and phosphorus (P) can be 

able to simulation by SWAT model. The result in this study found that nutrient balance (N and P) from the 

observed value and the simulated value by SWAT model are shown in Table 4. 

3.3.3 Carbon balance 

In this study, soil carbon sequestration was collected from plant (maize and soybean). The result of this 

function from the field and the SWAT model simulation are shown in Table 5. 

3.3.4 Energy balance 

Net radiation (Rn) is important to the Bowen ratio-energy balance method which is often used to estimate 

latent heat flux (λE). Estimates of latent heat flux and the sensible heat flux (H) were using the yearly sums of 

solar radiation (Rs), net radiation (Rn), and Bowen ratio. Rn from the regression formula and the corresponding 

values was 67.45%. Rs, λE, and H were 82.25% and 17.75% of Rn, shown in Table 6. 

 

Table 3 Observation and simulation of water balance in the HMN-SW during 2011-2012. 

 Observed data (mm) Simulated data (mm) NSE 

Precipitation (P) 

Evapotranspiration (ET) 

Runoff (R) 

water stored in the soil (∆S)

1,276.68 

975.058 

225.50 

76.122 

1,214.7 

958.8 

160.21 

38.22 

0.95 

0.99 

-6.25 

0.59 
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Table 4 Net loss or gain of nutrients in agricultural watershed ecosystem at the HMN-SW during 2011-2012. 

Nutrient cycling 
sources 

Nutrient (kg/ha/yr)  

 N                                           P  

Observed Simulated NSE Observed Simulated NSE 

Input     

- rainfall 75.58 42.98 0.50 3.543 5.72 1.00 

- fertilizer 297.86 198.21 0.76 - - - 

Total 373.44 241.19  3.543 5.72 1.00 

Storage 
- soil 

 
1,232.00

 
684.97 

 
0.51

 
8.63 

 
118.46 

 
-219.28 

Output     
- runoff 550.50 1.753.63 -6.10 44.42 209.43 -24.73 
- maize 
- soybean 

249.66 
335.12 

- 
- 

- 
- 

29.88 
17.83 

- 
- 

- 
- 

- sediment 1,276.80 - - 9.03 - - 

Total 2412.08 1,753.63  101.16 209.43  

Net -806.64 -827.47  -88.99 -85.25  

Remark: Nutrients (+) is mean gain, (-) is mean lost 

 

Table 5 Observation and simulation of carbon balance in the HMN-SW during 2011-2012. 

 Observed data Simulated data NSE 

1. The live microbes to form soil organic matter (SOM) 

2. Organic carbon in harvested plant  

3. Organic carbon in plant was released back into the 

atmosphere through burning  

4. Organic carbon in soil was released back into the 

atmosphere through burning 

34.96% 

7.03% 

88.31% 

 

9.2% 

48.99% 

20.57% 

93.21% 

 

17.76% 

100% 

99.84% 

100% 

 
99.98% 

 

 

Table 6 Energy balance in agricultural watershed ecosystem at the HMN-SW during 2011- 2012. 

Month 
Rs 

(W/m2) 
Rn 

(W/m2) 
Rs 
(%) 

Bowen
ratio 

λE 
(W/m2) 

H 
(W/m2) 

λE 
(%) 

H 
(%) 

Jan. 412.6 272.6 59.9 0.1 247.8 24.8 90.91 9.09
Feb. 459.81 313.5 59.3 0.2 261.3 52.3 83.33 16.67 

Mar. 467.8 309.3 57.4 0.2 257.8 51.6 83.33 16.67 

Apr. 522.47 326 57.8 0.2 271.7 54.3 83.33 16.67 

May 438.88 304.8 62.9 0.2 254.0 50.8 83.33 16.67 

Jun. 402.56 300.1 63.5 0.4 214.4 85.7 71.43 28.57 

Jul. 399.05 318 76.1 0.1 289.1 28.9 90.91 9.09 

Aug. 374.93 357.2 74.8 0.1 324.7 32.5 90.91 9.09 

Sep. 383.55 392.2 81.7 0.2 326.8 65.4 83.33 16.67 

Oct. 356.11 353.9 77.4 0.2 294.9 59.0 83.33 16.67 

Nov. 333.09 308.5 72.3 0.4 220.4 88.1 71.43 28.57 

Dec. 321.01 278.6 66.4 0.4 199.0 79.6 71.43 28.57 

Range 417.8-563.9 272.6-392.2 57.4-81.76 0.1-0.4 199.0-326.8 24.8-88.1 71.4-90.9 9.1-28.6

Mean 476.98 319.56 67.45 0.23 263.48 56.08 82.25 17.75 
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The calibrated SWAT model was used to estimate the effect on main functions of watershed ecosystem 

on water and sediment yields. On an annual basis, under current level of water balance, the effect of water 

balance in the HMN-SW during from 2008-2012 was a land slide and erosion due to input was more than 

output. The results of carbon balance from SWAT model simulation were generally higher than observed 

values. The organic carbon compounds are used for plant growth and the microbes to form soil organic matter 

(SOM) were less than organic carbon in harvesting plant from watershed ecosystem, organic carbon in plant 

and soil are released back into the atmosphere through burning. From the result, it could be indicated that the 

HMN-SW was the carbon source watershed ecosystem, because after maize harvesting the burning process 

was operated and organic carbon in plant was released to the atmosphere. 
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