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ABSTRACT. The objective of this study was to develop a soil erosion model for a 

microwatershed.  The selected watershed area was 2.64 hectares under forest area with plantation 
crops. Soil erosion factors identified were precipitation, stone cover, soil physical properties, height 
of vegetation, slope steepness and ground cover.   

Soil erosion equation (RMMF) model by Morgan was modified.  Secondary equation, the 
kinetic energy of leaf drainage (KE(LD)) was replaced with the kinetic energy equation.   Event 
surface runoff from the original equation of the model was enhanced; it was applied based on the 
water balance equation (Rs = P – ET – F).  Analysis of data sets used in the calibration of the model 
yielded calibration equation of Adjusted Dt = 0.456*Dt – 0.878.  Data sets during the calibration had 
correlation coefficient of 90.30%, root mean square error (RMSE) of 27.5 % and coefficient of 
determination was 81.5%. In the validation of final model, adjusted detachment rate and the 
observed value posted 97.9% correlation with root mean square error of 56%. 

The model could be used as prediction measure in the design and construction of channel 
structures as well as soil and water conservation practices that may reduce soil erosion. 

Keywords: soil erosion, microwatershed, water balance, stone cover.  

 

Introduction. One of the major factors causing destruction and sustainability of agriculture in the 

upland is soil erosion (Blaikie and Brookfield, 1987). Soil erosion is a natural phenomenon 
associated with rainfall and has often been mistakenly regarded as part of upland farming. It is an 
occurrence affected by bio-physical condition of the soil, improper land use and human activity 
(Garrity et al., 1993).  Furthermore, soil erosion in the Philippines has a range of on-site and off-site 
impact. 

 At catchments scale, scholars mainly use annual rainfall runoff data to establish empirical 
statistic models according to statistic co-relation, which is simple and direct, but discards the spatial 
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variance from soils, vegetation and landforms and others (Xining et al., 2009).  Likewise, Myrabo 
(1986) stated that variation in the stormflow from one flood to the next is mainly controlled by 
particular rainfall and extent of saturated area (corrected for loss by storage and evaporation), 
hence, the need to obtain an overview of saturated areas. 

 Without additional sources of rainfall data, options for improving rainfall time-series are 
limited to exploring different methods for generating a time-series from the sparsely distributed, 
temporally variable rainfall gauges and are considered unlikely to yield significant improvements.  
As mentioned by Herron and Croke (2009), running current model formulation in an ephemeral 
stream catchment with more reliable input data should shed some light on whether model or rainfall 
time-series is the more significant source of simulation error. 

Soil erosion is closely related to rainfall and runoff. Erosion modeling cannot be separated 
from the procedure used to model the generation of runoff and it’s routing down a hillside and 
through river channel network. Some models use continuous simulation to model the generation of 
runoff. Continuous simulation models require large amount of data for weather and land use that 
are only indirectly related to erosion studies. They are also sensitive to modeling evapotranspiration 
and soil dynamics, and simulate large number of small events that may not produce significant 
runoff and soil loss (Morgan et al., 1995). 

Studies of soil erosion are expensive, time consuming and need to be collected over years. 
Though providing detailed understanding of erosion processes, field studies have limitations 
because of complexity of interactions and difficulty of generalizing from results. Soil erosion models 
can simulate erosion processes in the watershed and maybe able to take into account many of 
complex interactions that affect rates of erosion (Ande, Alaga and Oluwatosin, 2009). 

Several models started from simple empirical ones to sophisticated models available to 
assess soil erosion. Sophisticated models claim to give better estimate of soil losses since they are 
process-based and take into account physical processes involved in soil detachment and 
transportation (Shresta et. al., 2004). These models differ greatly in terms of their complexity, their 
input requirements and manner in which physical processes are represented. But the general 
problem for applying such models is data availability, which is often lacking in developing countries, 
hence, the need for this study. The main objective of this study was to develop an erosion model for 
a microwatershed.   

 The study determined runoff generating mechanisms, interception, infiltration and 
evapotranspiration to soil erosion, which in turn provide relevant information in the selection of 
appropriate soil and water conservation practices, major concern of local, regional and national 
authority in land use policies, land allocation and land use. 

 

Objectives of the Study. The main objective of this study was to develop an erosion model for a 
microwatershed.  Specifically it aimed to: 
1. develop, calibrate and validate a simplified water balance model that will incorporate the 

influential runoff mechanism; and 
2. identify prevailing mechanisms of microwatershed characteristics affecting soil erosion. 

 

Significance of the Study. The study determined runoff generating mechanisms, interception, 
infiltration and evapotranspiration to soil erosion, which in turn provide relevant information in the 
selection of appropriate soil and water conservation practices, major concern of local, regional and 
national authority in land use policies, land allocation and land use. 
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 The study provides information on total runoff, total soil loss, and interception capacity of 
the watershed. The model provides improved simulation of plant cover effects on interception, 
rainfall energy including leaf drainage and direct throughfall, transport capacity computations, and 
simulation of effects of stone fragments in the process of soil erosion, that is the feasibility to 
simulate effects of plant cover on soil erosion by water using measurable parameters of plant 
architecture.  

The flexibility of the model, in particular, is its ability to be used with locally readily available 
input data. 

 

 
METHODOLOGY 

Watershed Identification and Reconnaissance Survey. In selecting a microwatershed as site for 
this study, a microwatershed or a “small watershed” within a “big watershed” was identified 
following the principle that a microwatershed had a runoff on waterway only upon rainfall threshold 
where the runoff flows to the river basin of the whole watershed.  Other factors that were 
considered in selecting study site is its proximity and accessibility for ease in data gathering, 
monitoring and securing instruments used.   

 General physical conditions of the watershed, particularly vegetation, soil, geology and 
human activities were noted during visual inspection and walk through the area. This was done to 
assess perimeter or boundaries of the microwatershed.  Through the use of Global Positioning 
System (GPS) and maneuvering around the watershed divide (where surface flow divides), the 
area was measured and the boundary was identified. All water flows within the boundary drained to 
the watershed outlet; otherwise flow outside the boundary would be associated with nearby 
watershed. The microwatershed has an area of 26,463 m2 (2.65 ha). 

 

The Soil Erosion Model 

 

Development of the Model. The Revised Morgan-Morgan-Finney (RMMF) soil loss 

prediction model that was developed by Morgan, et. al., (1984) and revised by Morgan (2001) was 

the basis for the prediction of soil loss.  This model separates the soil particle detachment into 

raindrop impact and runoff.  The estimates of soil particle detachment by raindrop impact and by 

runoff were added together to give the total annual detachment rate (Basayigit and Dinc, 2011). 

The total annual detachment rate Dt (kg-m
-2

) was estimated from: 

 

Dt = Fr + Hr                                                                                                     (1)       

 

where Dt – total annual detachment rate, kg-m
-2

 

Fr – soil particle detachment by raindrop, kg-m
-2

 and 

 Hr – soil particle detachment by runoff, kg-m
-2

 

 

Soil Particle Detachment by Raindrop 

Soil particle detachment by raindrop impact (Fr, kg-m
-2

) (Basayigit and Dinc, 2001) were 

defined as: 

  

Fr = K (1 - SC) (KE) (10
-3

)                                                                              (2)        
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 where Fr – Soil particle detachment by raindrop impact, kg-m
-2

 

K – soil erodibility index  

(1-SC) – portion of the ground exposed to rainfall impact, decimal 

SC – stone cover (added factor so that equation 2 calculation is for area of exposed 

soil), decimal 

  KE – total kinetic energy of the effective rainfall, (J-m
-2

) 

 

The particle size distribution of the soil or the soil erodibility indeces, K (Basayigit and Dinc, 

2001) was simplified based from the soil physical analysis for a specific location (discussed by 

David, 1988).  The erodibility index, K was estimated from: 

 

K = Si [ (0.043* pH) + (0.621 / OM) + (0.0082*Sa) - (0.0062*C) ]            (3) 

 

where K – soil erodibility index 

Si – percent silt / 100 

 pH – soil acidity 

 OM – percent organic matter 

 Sa – percent sand 

 C – clay ratio = %clay / (%sand + %silt). 

 

The total kinetic energy of the effective rainfall (KE, J-m
-2

) is obtained from the equation: 

 

KE = KE(DT) + KE(LD)                                                                                 (4) 

 

where KE – total kinetic energy of the effective rainfall, J-m
-2

 

KE(DT) – kinetic energy of the direct throughfall, J-m
-2 

 KE(LD) – kinetic energy of  leaf drainage, J-m
-2

. 

 

The kinetic energy of the direct throughfall, KE(DT) (J-m
-2

) was determined as a function of 

intensity of the erosive rain, I (mm-h
-1

) and was presented in the equation 

 

KE(DT) = (Rf – LD) (8.44*Log I + 8.95)                                                       (5) 

 

where KE(DT) – kinetic energy of the direct throughfall, J-m
-2

 

Rf – intercepted rainfall, mm 

 LD – leaf drainage, mm 

I – intensity of erosive rain (mm-h
-1

) according to geographical locations (Morgan 

and Duzant, 2008) typically these are 10 for temperate, 25 for tropical and 30 

for strongly seasonal climates. 

  

The intercepted rainfall (Rf, mm) was determined after taking the precipitation event, the 

permanent interception of the watershed and the slope angle, thus; 

  

Rf = P * (1-PI) / Cos So                                                                                   (6)    

  

where  Rf – intercepted rainfall, mm 
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P – event precipitation depth, mm 

(1-PI) – ratio of precipitation that directly fell to ground over precipitation depth, 

PI – permanent interception (proportion from zero to 0.25) (Ward and Tremble, 

2004) 

So – slope angle, degrees 

  

Leaf drainage (LD, mm) is directly dependent upon the proportion of the intercepted rainfall 

intercepted by the vegetation, and is defined as: 

  

LD = Rf * GC                                                                                                   (7)                  

 where LD – leaf drainage, mm 

Rf – intercepted rainfall depth, mm 

  GC – proportion of vegetation from zero to unity, dimensionless 

 

The kinetic energy of the leaf drainage, KE(LD) (J-m
-2

) (Equation 4) is dependent upon the 

effective height of plant which determines the height of raindrop falls (Morgan and Duzant, 2008) 

and depth of leaf drainage within the study area, and is defined as:  

 

KE(LD) = (15.8*PH
0.5

) – 5.87                                                                       (8) 

 

If equation 8 will be replaced with the gravitational potential energy (http://physics. 

about.com/od/classicalmechanics/a/gravity_3.html) equation per unit canopy area, U: 

  

U = m * g * y                                                                                                   (9)     

  

where U – gravitational potential energy per unit canopy area, J-m
-2

 

  m– mass of object, kg 

  g – gravitational constant, 9.81 m/s
2
 

  y – distance above the ground, m. 

 

then the equation 8, was changed to, 

 

KE(LD) = U = m * g * y  = LD * (PH/2)* g * 10
-3

 

 

KE(LD) = LD * PH * 4.905
-4

                                                                         (10) 

 

where KE(LD) – kinetic energy of the leaf drainage, J-m
-2

 

LD – leaf drainage, mm 

 PH – plant height, m 

 g – acceleration due to gravity (9.81 m-s
-2

) 

 

Soil Particle Detachment by Runoff 

 Soil particle detachment by the effect of runoff (Hr, kg-m
-2

) is defined by Basayigit and 

Dinc, 2001: 

  

Hr = Z (Rs
1.5

) (Sin So) (1 – GC) (1 – SC) (10
-3

)                                               (11) 
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where Hr – soil particle detachment by the effect of runoff, kg-m
-2

 

 Z = 1 / (0.5*COH)                                                                              (12) 

COH – soil cohesion (kPa),  12 kPa used for fine texture 

Rs – effective runoff or surface runoff depth, mm 

So – slope angle, degrees 

GC – ground cover (zero to unity) 

SC – stone cover (zero to unity) 

  

Effective runoff (Rs) in Equation 11 is a function of precipitation and the curve number. The 

method most commonly used in the U.S., the NRCS curve number procedure (NRCS, 1972),  

  

Rs = Q = (P – 0.2S)
2
 / (P + 0.8S)                                                                    (13) 

  

where Q – effective runoff of rainfall, mm 

  P – precipitation, mm 

  S = (25,400 / CN) – 254  

CN – curve number, depending on hydrologic soil group and land use 

(Appendix Table 3 and 4). 

 

In using of curve number procedure, the precipitation must be greater than the initial 

abstraction (0.2S).  

Effective rainfall, Rs (mm) in Equation 11, could also be estimated using the water balance 

equation applied in a microwatershed as discussed by Wanielista (2001). Effective rainfall at the 

outlet of watershed is equal to the precipitation minus the sum of evapotranspiration and infiltration.  

Hence the initial abstraction is negligible. 

 

Rs = P – ET – F                                                                                               (14) 

where  Rs – effective rainfall, mm 

P – precipitation, mm 

 ET – evapotranspiration, mm 

 F – infiltration, mm 

 

By incorporating Equation 14 to Equation 11 multiplying by 10,000 m
2
/ha, the new model 

for the estimation of soil erosion in a given microwatershed was presented in Equation 15 in kg/ha 

 

Dt = (1 - SC) (10) {[K (KE)] + Z [(P-ET-F )
1.5

] (Sin So) (1 – GC)}               (15) 

 

Calibration of the Model. In calibrating the model, data gathered in September to December 2011 
in the watershed were analyzed and used as the basis in assessing values of input parameters.  
After assessing input parameters, initial test run of the model was done.  

Rainfall and soil erosion data gathered for each rainfall event from May to July 2012 were 
used in model calibration. Model output and actual soil erosion data were then analyzed by 
regression to determine calibration equation. 
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Model Validation. Application of the adjusted model to the study site is a process to validate 
capability of the model to predict accurate values.  Precipitation and soil erosion data were 
gathered for every rainfall event in August 2012.  Precipitation data were then inputted to the 
adjusted model and compared to actual soil erosion data that were collected at every rainfall event. 
 
Statistical Evaluation. Root mean squared error (RMSE) was calculated to provide goodness of fit 
for the model (GOF) (Harmel, Smith and Migliaccio, 2008).  This GOF was used to evaluate how 
closely the equation approximated and measured at each time.   The runoff and soil erosion 
predicted by each of the equations were graphed along with the measured erosion curve to provide 
visual comparison of models and the measured data.  

 

Sensitivity Analysis. Sensitivity analysis was carried out to determine which model 
parameters had affected most amount of soil loss. Sensitivity was analyzed using the 
average linear sensitivity (ALS) approach as suggested by Morgan and Duzant (2008), 
which presented a relative change in output to the change in input. This method is used for 
comparing sensitivities of input parameters at different magnitude by examining the ALS 
value differences as the input ranges were varied. 

Average linear sensitivity is the value of the parameter changed under examination while all 
other parameters within the model remain constant. As suggested by Morgan and Duzant (2008) 
approach of ±10% of the base value was used. 

 

Instrumentation and Data Collection. Instrumentations were established in microwatershed 
under study. Data were monitored and collected from the following parameters: precipitation, 
interception, infiltration, evapotranspiration, runoff and soil erosion. Watershed factors affecting 
runoff are drainage area, size, shape, orientation, stone cover, soil and vegetation. 

 

RESULTS AND DISCUSSION 

 

Description of Microwatershed. The microwatershed has forest area composed of different tree 
species, pineapple production area, rambutan plantation, coffee plantation, banana plantation and 
common grasses. 

 Selected microwatershed at coordinates North 14⁰ 44’ Latitude and East 120⁰ 27’ Longitude 

has an area of 2.64 hectares.  Slope of the microwatershed under study was 17.31 percent (9.97⁰) 
from the topmost part or upstream to downstream (drainage outlet).  Land use map of the 
microwatershed consisted of 12.2% of the total area devoted to ginger/pineapple production, 18% 
planted to rambutan integrated with banana plants,  5% devoted to banana and coffee plants, and 
the rest of the area is forest with coffee understory. Assessment of vegetation was done through 
actual counting of forest trees and identification of grasses.  

Observed textural class of soil within the microwatershed area was clay following the USDA 
Percent Particle Size Distribution.  

Buho (Gigantochloalevis) gathering activity from the nearby community was frequently 
observed just for crop production and household repair or construction. Numerous buho crowns 
were found in the study area.  This product was also used for crop production serving as trellis for 
vegetables. Ring weeding and fertilization of plantation crops like coffee and rambutan were done 
once in two months.  
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Runoff Mechanisms 

 

 Hydrometeorological process and physical parameters were observed within the 
microwatershed under study like precipitation with mean rainfall depth of 987.4 mm and 
interception depth with 246.3 mm while evapotranspiration and infiltration depth was 38.1 mm and 
52.2 mm, respectively, before runoff occurred. 

 

The Model 

 

Input parameters were initially estimated from different hydrometeorologic, process and 
physical measures. Event rainfall depth, infiltration volume, evapotranspiration depth, runoff depth, 
soil physical characteristics, and the small watershed physical parameters were used as initial 
value inputs for calibration of the model. Amount of precipitation was inputted to the computer 
program to come up with predicted soil erosion for every rainfall event.  Output of the model was 
then compared with observed soil erosion gathered for every rainfall event. 

 A regression analysis was done to determine relationship of the observed and predicted 
values. The resulting equation was, Adjusted Dt = 0.456*Dt – 0.878, with a coefficient of 
determination (R2) of 81.5%. Correlation of data set indicated 90.30%. 

 Final model equation was then obtained, 

Adj. Dt = [(1 - SC) (4.56) {[K (KE)] + Z [(P-ET-F )1.5] (Sin So) (1 – GC)}] – 0.878. 

 

Model Validation. Outcome of validation was also presented between result coming from the 
model and the observed values. Relationship and comparison between observed and simulated 
were the basis of validity of the model. Based on the result of validation, percentage error between 
the model and observed was insignificant which clearly indicates that result obtained from the 
model was comparable to the observed values (Table 1). 

 

Table 1. Statistical evaluation during the calibration and validation of the model 

STATISTICAL EVALUATION (Calibration and Validation) 

STAGE YEAR USLE MODEL 
NRSMD R

2
 N & S 

(%) (%) (%) 

              

CALIBRATION 2000 – 2011 7611.0 5619.0 10.95 43.5 39.74 

              

              

VALIDATION Sep - Dec, 2011 489.8 504.86 5.59 99.1 96.96 
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Sensitivity Analysis. Sensitivity analysis showed that precipitation (P) , ground cover (GC), plant 
height (PH) and percent silt of soil are highly sensitive to  soil loss.  Hence, parameters contributed 
greatly to amount of soil erosion. Soil erosion increases with an increase of precipitation, plant 
height and present silt in soil and decrease in ground cover.  The only sensitive parameters are 
permanent interception (PI), sand (Sa) and organic matter (OM) while other parameters are not 
sensitive to soil loss using the model (Table 2) 
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Table 2. Values of average linear sensitivity of input parameters for soil loss 

      

LOW HIGH 

PARAMETER SYMBOL UNIT Low  Base High Obase Olow ALS Obase Ohigh ALS 

Precipitation P mm 120.4 133.75 147.1 2.179 1.872 1.440 2.179 2.485 1.378 

Permanent Interception PI mm 0.22 0.249 0.27 2.179 2.297 -0.501 2.179 2.093 -0.423 

Slope Steepness So degrees 9.57 9.970 10.37 2.179 2.175 0.045 2.179 2.183 0.047 

Ground Cover GC decimal 0.99 0.9999 1.00 2.179 30.916 -174.532 2.179 1.888 -1430.95 

Erosive Rainfall I mm/hr 22.5 25 27.50 2.179 2.173 0.026 2.179 2.184 0.024 

Stone Cover SC decimal 0.0078 0.0087 0.01 2.179 2.181 -0.009 2.179 2.175 -0.019 

Plant Height PH m 18.36 20.4 22.44 2.179 1.902 1.290 2.179 2.455 1.251 

Silt Si percent 29.51 32.79 36.07 2.179 1.873 1.435 2.179 2.484 1.374 

Soil Acidity pH - 5.37 5.6 5.83 2.179 2.146 0.365 2.179 2.212 0.374 

Organic Matter OM percent 1.66 1.84 2.02 2.179 2.301 -0.517 2.179 2.078 -0.498 

Sand Sa percent 37.76 41.27 44.78 2.179 2.082 0.513 2.179 2.275 0.529 

Clay C percent 23.35 25.94 28.53 2.179 2.179 0.000 2.179 2.178 -0.005 

Soil Cohesion COH kPA 10.8 12.0 13.20 2.179 2.179 0.000 2.179 2.178 -0.005 

Evapotranspiration ET mm 34.29 38.1 41.91 2.179 2.179 0.000 2.179 2.178 -0.005 

Infiltration F mm 46.98 52.2 57.42 2.179 2.179 0.000 2.179 2.178 -0.005 
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Prevailing Mechanism in the Microwatershed 

 

 Prevailing mechanism in the soil erosion within the microwatershed are ground cover 
density or percentage vegetal cover because it affects and reduced the intensity of rainfall, 
percentage of clay in the soil physical properties affects the erosive velocity of runoff, plant height 
that affects leaf drainage kinetic energy of rainfall and rainfall characteristics that might be heavy or 
not, heavier rain causes high soil erosion compared to lower intensity. 

Permanent interception of vegetal cover that depends on the species, proportion of sand in 
soil physical properties and acidity of soil, are also influential in the process of soil erosion. Other 
mechanisms such as slope – steeper slope causes heavier erosion, erosive rainfall, stone cover 
also reduces runoff velocity, proportion of sand and clay in the soil, soil cohesion, 
evapotranspiration could be factor in the microwatershed characteristics and soil-water infiltration 
capacity, were significant in soil erosion. 
 
 

CONCLUSION. Based on the results of the study, the following conclusions were drawn; 

1. The RMMF equation model for soil erosion rate estimate was modified in the following 
secondary equations :  
a. Kinetic energy of leaf drainage (KE(LD)) equation was equated from the original KE(LD) = 

(15.8*PH0.5) – 5.87) to KE(LD) = LD*PH*9.81x10-4. 
b. Annual runoff, Q in the original model was estimated using the water balance equation (Q = 

Rs = P – ET – F) 
c. Addition and integration of stone cover ratio to the model since it affected energy of the 

throughfall and leaf drainage. 
2. Based on the data gathered and thorough assessment of watershed characteristics, value of 

input parameters to the model were properly estimated. 
3. With derived calibration equation, final model equation was Adj. Dt = [(1 - SC) (4.56) {[K (KE)] + 

Z [(P-ET-F )1.5] (Sin So) (1 – GC)}] – 0.878. 
4. The validated model could be applied to other microwatersheds regardless of size and area as 

long as parameter requirements were satisfied to come up with the estimate of soil erosion in 
the area.  

5. Highly sensitive parameters were precipitation, plant height, percent silt and ground cover. 

 

Recommendations.  Based on the results of the study, the following are recommended; 
1. During data gathering, the instrument should be regularly monitored to avoid human 

intervention, physical activities and weather factors that would disturb program of activities 
in the field.  Instruments should be properly setup to avoid destruction during the heavy 
rainfall. 

2. Further study must also be done in the determination of stone cover, plant height and 
ground cover of the area.  

3. Further study must also be done to quantify amount of rain that directly fell to the soil at 
different density levels of vegetation.  

4. Application of the model to different watersheds regardless of area, vegetation density, soil 
type, climate and weather condition, can be used as basis for decision making of various 
stakeholders. 
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