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Abstract— Limboto Lake is the largest lake in Gorontalo Province. 

Administratively, this lake is located in Gorontalo Regency and 

Gorontalo City, is in the lowlands of ± 5 m above sea level and its 

position is on the outskirts of Gorontalo City. Watershed) Limboto with 

an area of 875.89 Km2 and physiographically the landscape of the 

catchment area has various slopes. Lake Limboto, is a low basin or 

lagoon, which is the mouth of rivers, including: Ritenga, Alo Pohu, 

Marisa, Meluopo, Biyonga. Lake Limboto has a strategic role, namely; 

(i) ecological aspects as a natural reservoir for river water runoff that 

enters from its catchment area or flood control, (ii) provides important 

economic resources for fisheries (cultivation and capture). (iii) 

development of natural tourism, (iv) potential sources of clean water, 

(v) containing biodiversity for natural laboratories, and (vi) for 

agriculture. The silting of the lake has resulted in a narrowing of the 

lake area and has an impact on the decrease in the normal water level 

of the lake in the dry season and an increase in the normal water level 

in the rainy season. The decrease in capacity has resulted in flooding 

in almost every rainy season in the areas around the lake. Areas that 

are always flooded during the rainy season are around the lakes in the 

lower reaches of the Biyonga and Tapodu rivers, as well as areas 

along the Alopohu river. Among the main rivers and other rivers, the 

Alopohu River has the widest catchment area, namely the Alo Sub-

watershed (76.00 Km2), Molamahu Sub-watershed (131.22 Km2), 

Pulubala Sub-watershed (105.78 km2) and Batulayar Sub-watershed 

(153.09 Km2), The total area is 466.10 Km2 with rivers and their 

tributaries including the Alo River in the Alo Sub-watershed, the 

Molalahu River in the Molamahu Sub-watershed, the Pulubala River 

in the Pulubala Sub-watershed and the Pohu River in the Batu Layar 

Sub-watershed.. 

 

Keywords— Erosion, Sedimentation, Effectiveness of sediment control 

structures. 

I. INTRODUCTION 

Limboto Lake is the largest lake in Gorontalo Province. 

Administratively, this lake is located in Gorontalo Regency and 

Gorontalo City, located in the lowlands of ± 5 m above sea level 

and its position is on the outskirts of Gorontalo City. (DAS) 

Limboto with an area of 875.89 Km2 and physiographically the 

landscape of the catchment area has various slopes. Very steep 

6.71%, steep 42.80%, slightly steep 3.03%, sloping 4.24% and 

flat 43.22 %. Lake Limboto is located in two areas, namely + 

30% of the Gorontalo City area and + 70% in the Gorontalo 

Regency area which spans 7 sub-districts. Geographically, Lake 

Limboto is located in the central part of Gorontalo Province and 

astronomically, Lake Limboto is located at 122° 57' 40” – 123° 

02' 14” East Longitude and 00° 31' 58” – 00° 34' 50” North 

Latitude 

Changes in land cover and land use change in the Limboto 

Watershed (DAS) have an impact on the expansion of critical 

land which increases the risk of erosion (erosion risk) and 

erosion hazard (erosion hazard) and causes a larger volume of 

sediment transport loads in the area. rivers and tributaries that 

empties into Lake Limboto which ultimately resulted in Lake 

Limboto being in a critical condition due to siltation and 

shrinkage of the area. The rate of silting of the lake due to 

erosion from the rivers that flow into the lake is very large. 

The silting of the lake has resulted in a narrowing of the lake 

area and has an impact on the decrease in the normal water level 

of the lake in the dry season and an increase in the normal water 

level in the rainy season. The decrease in capacity has resulted 

in flooding in almost every rainy season in the areas around the 

lake. Areas that are always inundated during the rainy season 

are around the lakes in the lower reaches of the Biyonga and 

Tapodu rivers, as well as areas along the Alopohu river.  

II. REVIEW OF LITERATURE 

A. Universal Soil Loss Equation (USLE) Method 

The Universal Soil Loss Equation (USLE) method 

developed by Wischmeir and Smith (1978) is the most 

commonly used method for estimating the magnitude of 

erosion. USLE allows prediction of the average erosion rate of 

a particular land on a slope with a certain rainfall pattern for 

each type of soil and land management applications. USLE is 

designed to predict long-term erosion from sheet erosion and 

channel erosion under certain conditions. The equation can also 

predict erosion on non-agricultural lands but cannot predict 

deposition and does not take into account sediment yields from 

erosion of ditches, riverbanks, and riverbeds. Suripin, 2002: 69 

in (Solichin, 2012) 

In the USLE formula, the factors that affect erosion are the 

erodibility factor of rainfall and runoff for a certain area (R), the 

soil erodibility factor for a certain soil horizon (K) and is the 

soil loss per unit area for a certain erosive index, the slope 

length factor that does not has units (L), gradient factor 

(different) slopes that do not have units (S), management 

factors and farming methods that do not have units (C) and 

mechanical soil conservation practice factors that do not have 

units (P). Estimation of erosion or the amount of soil loss per 

unit area of land (A) based on the USLE formula is described 

by the equation: 

A = R K L S C P 

B. Erosion and Deposition of Stream Power Based Erosion 

Deposition (USPED) Units 

The Earth's surface, exposed to the forces of gravity, wind, 

water, and the action of ice, continues to evolve over a wide 

range of spatial and temporal scales. The erosional processes 

that shape the soil surface are complex, poorly understood, and 
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difficult to predict quantitatively in large landscapes (Finlayson 

and Montgomery, 2003). Remote data that allows us to gain 

insight into the interactions between physical processes and 

environmental conditions that control erosion and landform 

evolution. Recent advances in mapping technology, such as 

Light Detection and Ranging (LiDAR), hyperspectral imaging, 

and ground-penetrating radar have dramatically improved the 

spatial and temporal resolution of Earth's surface and shallow 

subsurface monitoring. New, more detailed data suggest that 

fundamental changes in the theory underlying erosion processes 

may be needed to align them with new observations. Geospatial 

information science (GISc)-based analysis and modeling plays 

an important role in integrating observations and models, and 

improving understanding and predictability aimed at 

minimizing the negative impacts of erosion and sedimentation 

(Mitasova et al., 2013). 

The advantage of USPED is the fact that it predicts the 

spatial distribution of erosion, as well as the rate of deposition 

under conditions of uniform runoff and high rainfall. Thus, this 

model can be applied in complex terrain where erosion is 

limited by the capacity of runoff to transport sediment. The 

topographic index represents the change in transport capacity 

from the flow direction, being positive for areas with 

topographic potential for deposition and negative for areas with 

erosion potential. The contribution area is used as a 

representation of water flow in a place or a grid of cells. 

(Hoffmann et al., 2013) 

USPED developed a method of calculating topographic 

factors, both for the standard USLE and for a unit-flow power-

based model suitable for complex terrain and applicable to large 

areas. Particular attention is paid to the precise representation 

of the terrain and the calculation of significant topographical 

parameters for erosion/deposition modeling. (Mitasova et al., 

1996) 

1. The modified 3D LS3D topographic factor (slope length), 

which represents the topographic potential for erosion at a 

point on the hillside, is a function of the area of the upslope 

contribution per unit width and slope angle, with the 

equation: 

LS = (m + 1) (U/22.1)^m (sin β/0.09)^n   

2. Modify the LS3D factor to represent the topographical 

components of the sediment transport capacity of the ESG 

overland flow, with the equation: 

LST = U^m.(sinβ)^n 

and then the sediment flow T at the sediment transport 

capacity is estimated as 

T = R.K.C.P.U^m.(sinβ)^n 

3. Erosion/net deposition D is then calculated as sediment flow 

divergence (change in the 2D plane represents sediment 

flow in the direction of the elevation surface gradient) 

D = ∇ • (T s0) = ∂(T cos α)/∂x + ∂(T sin α)/∂y 

To make the equations easy to implement in GIS with 

support for basic terrain analysis, the erosion/deposition 

equations can be rewritten using the following relationship 

between partial derivatives and surface β slope and α aspect 

∂z/∂x = tan β . cos α 

∂z/∂y = tan β . sin α 

The exponents m, n control the relative effects of water rate and 

slope and reflect the effects of different types of flow. Typical 

ranges of values are m = 1.0 - 1.6, n = 1.0 - 1.3, with higher 

values reflecting the real erosion pattern that occurs with more 

turbulent flow when erosion increases markedly with the 

amount of water. Lower exponent values close to m = n = 1 

better reflect the combined pattern of long-term impacts of rill 

and sheet erosion and average over the long-term sequence of 

major and minor events. 

III. RESEARCH METHODOLOGY 

A. Study Area 

The study was conducted in Gorontalo Regency, Gorontalo 

Province, precisely in the catchment area of the Alopohu River 

which is one of the main rivers carrying sediment to Limboto 

Lake, which includes the Alo sub-watershed, Molamahu sub-

watershed, Pulubala sub-watershed and Batulayar sub-

watershed, as mapped. in Fig 1. 

 

 
Fig. 1. Research Site Map 

B. Metode Analisis Data 

The data analysis method used is to calculate erosion and 

sediment originating from the Alo sub-watershed, Molamahu 

sub-watershed, Pulubala sub-watershed and Batulayar sub-

watershed, which enter Limboto Lake through the Alopohu 

River by comparing the Universal Soil Loss Equation (USLE) 

modeling and Unit Stream Power-based Erosion Deposition 

(USPED). The stages of data processing carried out for the 

modeling are as follows 

1. DEMNAS Data Processing 

The National DEM was built using IFSAR data sources (5m 

resolution), TERRASAR-X (5m resolution) and ALOS 

PALSAR (11.25m resolution) and after adding the stereo-

plotting Masspoint data. The spatial resolution of DEMNAS is 

0.27-arcsecond at the 2008 EGM vertical datum. 

DEMNAS data processing using ArcGis 10.3 software is 

data analysis to be able to create the following maps: 

a. Map of Altitude and area of Catchment Area of research 

location 

b. Precent_Rise and Degree . slope maps 

c. Precent_Rise → for USLE modeling 

d. Degree → for USPED modeling 
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e. Slope direction map (aspect)  → for USPED modeling 

f. Identify flow (stream) → for USLE and USPED modeling 

g. Hillshade Map  → USLE and USPED 

 

 
Fig. 2. Plotting of DEMNAS DAS Limboto 

 

2. Rainfall Data Processing 

Rainfall data processing is an analysis of rainfall 

distribution data to obtain the Rain Erosivity Index (Factor R). 

Before the monthly rainfall data in one year of observation at a 

rain station is used, the missing (incomplete) rainfall data is 

filled in based on the rainfall data of the nearest station that has 

a good correlation with the rain station whose rainfall data is 

incomplete. 

Rain data used is annual rain. Annual rain is obtained from 

daily rainfall data which is cumulative to become the average 

monthly rain in the span of one year. The rain recording period 

available and used is from 2007 to 2020. Rain data is used to 

calculate the value of the rain erosivity factor (R) using the 

Wischmeier and Smith equation. After calculating the value of 

rain erosivity for each station, the next step is to make a rain 

erosivity map using the interpolation method. By considering 

the relatively low number of stations and not evenly distributed 

in the research area, the interpolation method used is the IDW 

(Inverse Distance Weigthing) method in the Arcgis 10.3 

program. 

The IDW method uses point input, namely the location of 

the station and the rainfall erosivity value of each station which 

is then weighted to produce an area based on the interpolation 

value. The resulting interpolation is interval data 

3. Soil Map Processing and Soil Erodibility Value 

Soil maps are secondary data obtained from the Geospatial 

Information Agency (BIG) which are ready for use. In this 

process, all that is done is to separate the soil map of the 

research area from the soil map of Gorontalo Regency and add 

attribute information regarding the erodibility value of the soil 

based on the literature for each soil type. 

4. Making Slope and Aspect Maps 

Slope and Aspect maps are obtained from the results of 

DEMNAS flowcart 3.1 data processing, the data processing 

used is in two ways, namely slope with precent_rise slope value 

for USLE modeling to obtain LS values (length and slope) 

while slope with slope degree and aspect for USPED modeling, 

5. Land Cover Map  

The land cover maps are sourced from KLHK data for 2007 

and 2020 which are ready for use. In this process, what is done 

is only adding attribute information regarding the value of land 

cover and land management (CP) in the research area based on 

the literature for land factors 

C. Flowchart 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Research Flowchart 
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IV. RESULT 

A. Alopohu River Sediment Load Analysis of the National 

Digital Elevation Model Map (DEMNAS) 

Based on the analysis of the National Digital Elevation 

Model (DEMNAS) map using the Arcgis 10.3 Software, the 

catchment area of the Alopohu River is mapped into 4 (four) 

sub-watersheds, namely the Alo sub-watershed, the Molamahu 

sub-watershed, the Pulubala sub-watershed and the Batu Layar 

sub-watershed. 

Digital Elevation Model (DEM) data is used in the analysis and 

display of maps, especially those related to topography. 

Globally available elevation models are the SRTM DEM and 

ASTER GDEM, or ALOS PALSAR which have 1 arc-second 

(~30 meters) resolution each. 

The National DEM is built from several data sources 

including IFSAR data (5m resolution), TERRASAR-X (5m 

resolution) and ALOS PALSAR (11.25m resolution), by adding 

the stereo-plotting Masspoint data. The spatial resolution of 

DEMNAS is 0.27-arcsecond, using the EGM2008 vertical 

datum. 

This DEMNAS data processing method uses ArcaGis 10.3 

software with the following steps: 

1. Download DEMNAS data at 

http://tides.big.go.id/DEMNAS 

2. Plotting of the Limboto watershed and sub-watershed 

polygons which are the Alopohu River Catchment Area 

(DTA) using ArcToolbox, with a computational process. 

B. Climate 

The climate in the study area is generally classified as a 

tropical area with irregular rainy and dry periods with 

temperatures > 18º in the coldest season. 

Based on rainfall data from 4 (four) Limboto rain stations – 

Datahu, Limboto Pilolalenga, Limboto Tabango and Limboto 

Iloponu in 2007 – 2020, the Alopohu River catchment area has 

an average annual rainfall of 1491 mm with an average number 

of rainy days. 113 per year. The maximum monthly rainfall is 

134.2 mm in 2016 and the minimum is 0.7 mm in September 

2015. In general, the average daily rainfall in January to May is 

9 mm and begins to decline from June to September and then 

increases again in October to December. 
 

 
Fig. 4. Average daily rainfall patterns for 2007-2020 

From the rainfall data, based on the calculation of the rain 

erosivity index using the Lenvain formula and the Wischmeier 

and Smith rain kinetic energy formula, the kinetic energy value 

of rainfall at each rain station is shown in the following table: 

Rain Kinetic Energy In Metric Ton-Meters Per Hectare Per 

Cm Of Rain At Each Rain Station.  

The erosivity zoning of each sub-watershed is obtained 

using the inverse distance weighted (IDW) interpolation 

method based on the interpolated kinetic energy value of the 

rain station value with the following results: 
 

 
Fig. 5. IDW R Factor Sub-watershed 

 

Furthermore, to get a uniform rainfall intensity value, the R 

value in each Sub-watershed is reclassified into 1 (one) class 

and the median value is taken, the results of the reclassification 

are as follows: 
 

TABLE 1 Rain Kinetic Energy in Metric Ton-Meter Per Hectare Per Cm Rain 
In Sub-watershed Area 

 

C. Soil Type 

Based on the Soil Type Map from the Geospatial 

Information Agency (BIG) in the study area, the soil types in 

each sub-watershed are classified in the following soil type 

maps and tables: 
 

TABLE 2. Sub-watershed Soil Type Map 

 



International Research Journal of Advanced Engineering and Science 
 ISSN (Online): 2455-9024 

 

 

238 

 
Rahman Haluti, Ussy Andawayanti, and Hari Siswoyo, “Effectiveness Analysis of Sediment Control Building in the Alopohu River Flow,” 

International Research Journal of Advanced Engineering and Science, Volume 7, Issue 3, pp. 234-245, 2022. 

Soil Type Alo Sub-watershed: 

TABLE 3. Soil Types in Alo Sub-watershed 

 

D. Topography 

In this study, it is necessary to analyze topographic 

conditions, namely the length of the slope and the slope in the 

percentage size which is normalized using the LS table which 

is required in USLE modeling and the slope/slope 

(degree/degree) and aspect required in USPED modeling, the 

topographical conditions of the Sub-watershed are mapped. 

picture as follows:  

 
Fig. 6. Map of Slope Length and Slope (LS) of Sub-watershed 

 

The length and slope of each sub-watershed are as follows: 

Alo sub-watershed 

Has a height of 19 – 550 masl, dominated by steep hilly land 

with 3446.41 hectares or 45% of the sub-watershed area, the 

classification of slopes is described in the following table: 

Length and Slope Slope of Alo Sub-watershed: 
 

TABLE 4. Length and Slope of Alo Sub-watershed 

 
E. Land Cover 

Land cover uses land maps of the Ministry of Environment 

and Forestry in 2007 and 2020 so no analysis is carried out but 

only digitizes entering the CP value according to the land map. 

 

 
Fig. 7. Peta Tutupan Lahan Sub DAS 2007 

 

2007 Land Cover 

Alo sub-watershed 

Based on the ploating area, the land cover in 2007 was 

dominated by dry land mixed with shrubs with an area of 

5494.29 hectares or 72% of the sub-watershed area. Land cover 

classification is described in the following table: 

2007 Alo Sub-watershed Land Cover 
 

TABLE 5. Land Cover of Alo Sub-watershed in 2007 

 
 

2020 Land Cover 

Alo sub-watershed 

Based on the ploating area, the land cover in 2020 is 

dominated by Dry Land Mixed with Shrubs with an area of 

5657.03 hectares or 74% of the sub-watershed area. The land 

cover classification is described in the following table: 
 

TABLE 6. Land Cover of Alo Sub-watershed in 2020 
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Fig. 8. Land cover map 

Sub-watershed 2020 
 

 
Fig. 9. Attribute Table of Erosion Potential of Alo Sub-watershed 2007 

 

Land Cover Change 2007 – 2020 

In the span of ± 13 years, changes occur in the land cover of 

the Sub-watershed, the changes that occur are described in the 

following matrix: 

 
TABLE 7. Alo Sub-watershed Land Cover Change Matrix 

 

F. Universal Soil Loss Equation (USLE) Prediction 

Alo sub-watershed 

• 2007 Erosion and Sediment Load Prediction 

Erosion prediction in 2007, Alo sub-watershed with an area 

of 7,600.41 Ha based on the criteria for erosion hazard level 

(TBE) has the potential for erosion on average to land cover of 

827,973.30 tons/year, erosion predictions and sediment load are 

described in the following table: 

 
 

TABLE 8. Erosion Rate Based on Alo Sub-watershed Land in 2007 

 
 

TABLE 9. Erosion Hazard Level of Al0 Sub-watershed 

 
 

TABLE 10. Analysis of Land Cover Erosion Potential for Alo Sub-watershed 

in 2007 

 
 

TABLE 11. Erosion and Sediment Potential of Alo . Sub-watershed 

 
 

The determination of the criteria and the value of erosion is 

determined based on the Classification of Erosion Hazard 

Levels (Name, A., Andawayanti, A., & Suhartanto 2016) with 

an area based on the summation of the erosion hazard level in 

the land cover. 

The potential for erosion and sediment of the 2007 Alo sub-

watershed is obtained by the following calculation method: 
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1. Erosion Potential 

TBE = Erosion hazard level based on classification 

Area = Area TBE 

Land Erosion Potential = Erosion potential value x field 

area. 

2. Erosion Potential Ton/yr = Total soil erosion potential on 

average according to TBE 

3. Area = Total area according to TBE 

4. Average erosion potential Ton/ha/yr = Average amount of 

land erosion potential according to TBE / Area. 

5. Average land erosion Ton/ha/yr = Average erosion potential 

ton/ha/yr x Area of erosion hazard level. 

6. Total erosion = Average land erosion Ton/ha/yr 

7. The value of SDR/Sediment Delivery Ratio (%) is 

determined based on the table of the relationship between 

the area of the watershed and the ratio of sediment delivery. 

8. Specific gravity value is the average annual soil loss in 

USLE standard tons. 

Prediction of Erosion and Sediment Load in 2020 

Erosion prediction in 2020, Alo sub-watershed with an area 

of 7,600.41 Ha based on the criteria for erosion hazard level 

(TBE) has the potential for average erosion to land cover of 

883.739.30 tons/year, erosion predictions and sediment load are 

described in the following table: 
 

TABLE 12. Erosion Rate Based on Alo Sub-watershed Land in 2020

 
 

TABLE 13. Alo Erosion Hazard Level Sub-watershed 

 
 

 

 

 

TABLE 14. Analysis of Potential Erosion of Land Cover in Alo Sub-

watershed in 2020 

 
 

TABLE 15. Erosion and Sediment Potential of Alo Sub-watershed 

 
 

 
Fig. 10. Classification of Erosion Hazard Sub-watershed Alo 

 

• 2007-2020 Sediment Load 

With the increase in the level of erosion hazard that occurs, 

the sediment load of the Alo sub-watershed increases from the 

original 12,631.34 tons/ha/year to 13,390.20 tons/ha/year. 

G. Validation of Sediment Yield Analysis 

Validation of Sediment Yield Analysis was carried out on 

the USLE erosion and sediment model using multiple linear 

regression analysis which is an analytical method to test 

research hypotheses to determine whether there is an influence 

between 2 (two) or more independent variables (X) on the 

dependent variable (Y) which can be expressed in the form of a 

regression equation. 
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TABLE 16. Hypothesis of Sediment Yield (Sediment Yield) Sub-watershed 

 
 

with the following hypothesis: 

• H1 = There is an effect of variable X1 on variable Y 

• H2= There is an effect of variable X2 on variable Y 

• H3= There is an effect of variables X1 and X2 

simultaneously or together on variable Y 

• 95% confidence level, α= 0.05 

The steps for testing the multiple linear regression 

hypothesis are:  

1. Normality Test 

The normality test is carried out to determine whether the 

Unstandardized Residual is normal or not, the results of the 

normality test are as follows: 

 

 
 

a. Test distribution is Normal. 

b. Calculated from data. 

c. Lilliefors Significance Correction. 

d. This is a lower bound of the true significance. 

From the normality test data of the One-Sample 

Kolmogorov-Smirnov Test, the asymp value is obtained. 

sig. (2-tailed) unstandardized residual is 0.200c,d where 

0.200> from 0.05, it can be concluded that the residual data 

is normally distributed. 

2. Regression Test 

 
 

The descriptive statistics table data shows the Mean, Std 

Deviation and N values which are the number of samples of the 

variables, with the Mean > Std Deviation value indicating that 

there is no outlier data. 

 

 
a. Dependent Variable: Sediment 

b. All requested variables entered. 
 

The data from the Variables Entered/Removeda table shows 

that an analysis test has been carried out on all variables using 

the enter method. 

 
a. Predictors: (Constant), SDR, Erosi 

3. T test 

The t test aims to determine whether or not there is a partial 

(own) effect of the independent variable (X) on the 

dependent variable (Y), the results of the t test are as 

follows: 

 
Multiple linear regression equation Y = -

11973.484+0.123X1+971.280X2 

4. F test 

The t-test aims to determine whether or not there is a 

simultaneous (together) effect of the independent variable (X) 

on the dependent variable (Y), the results of the F test are as 

follows: 
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H. Erosion and Sediment Unit Stream Power Based Erosion 

Deposition (USPED) 

Erosion and sediment prediction The Unit Stream Power 

Based Erosion Deposition (USPED) method combines the 

Universal Soil Loss Equation (USLE) parameter and the 

contribution of the upslope area to estimate and map erosion 

and deposition flows, calculated as changes in erosion and 

sediment flow towards the slope. steepest, using arcgis software 

10.3 

Alo sub-watershed 

Prediction of land potential for erosion and estimated 

sediment flow (settlement) that will occur in 2007 and 2020 are 

as follows: 
 

TABLE 17. Comparison of Erosion Flow Potential and Land Sediment Sub-

watershed Alo 

 
 

The table is a comparison of the potential for erosion and 

sediment flow (settlement) which is mapped based on the level 

of erosion hazard and the assessment of the sediment load that 

occurs due to changes in land cover. 

 
Fig. 11. USPED Erosion Prediction for ALO Sub-watershed in 2007 - 2020 

I. Comparison of USLE and USPED . Erosion and Sediment 

Prediction Models 

Based on the analysis results of the Universal Soil Loss 

Equation (USLE) erosion prediction model and the erosion and 

sediment predictions of the Unit Stream Power Based Erosion 

Deposition model (USPED) in the Alopohu River catchment 

area in the 2007-2020 period are as follows: 

Alo sub-watershed 

• 2007 

A. Erosion Hazard Level  
 

TABLE 18. USLE and USPED Sub-watershed Erosion Hazard Levels 2007 

 
 

TABLE 19. USLE and USPED Sub-watershed Model Sediment Loads 2007 

 
 

I. Comparison of the results of the analysis of the level of 

erosion hazard are: 

1) In the prediction of the USLE model of the erosion 

hazard level, there is no very heavy erosion found on the 

land. 

2) In the prediction of the USPED model based on the 

spatial distribution of the erosion hazard level, there is 

very heavy erosion towards the steepest slope. 

3) The prediction results of the USPED model show that 

there is a spatial distribution of the level of erosion 

hazard towards the steepest slope with an area of 44.35% 

of the total area of land that is eroded as predicted by the 

USLE model.. 

4) The Stable Criteria are not classified in the USLE model 

but in the USPED there is a stable condition which 

means that the distribution of erosion and sediment is 

equal (1:1). 

II. The comparison of the results of the sediment load analysis 

is: 

1) In the prediction of the USLE model the sediment load 

is determined by the SDR (Sediment Delivery Ratio) 

value so that it cannot estimate and map the sediment 

flow that occurs. 

2) In the prediction of the USPED model the landscape 

potential for erosion and soil deposition towards the 

steepest slope can be estimated and mapped. 

3) The prediction results of the USPED model show that 

there is a spatial distribution of sediment transport 

towards the steepest slope with a deposit area of 31.14% 

of the average land erosion. 

Then the results of the USPED model sediment = 

((Average potential erosion / USLE average soil loss) x 

USPED Sediment Percentage) 

 

 



International Research Journal of Advanced Engineering and Science 
 ISSN (Online): 2455-9024 

 

 

243 

 
Rahman Haluti, Ussy Andawayanti, and Hari Siswoyo, “Effectiveness Analysis of Sediment Control Building in the Alopohu River Flow,” 

International Research Journal of Advanced Engineering and Science, Volume 7, Issue 3, pp. 234-245, 2022. 

((90,482.5 /2.242) * 31.14%) = 12,567.46 Tons/ha/yr: 

2,242 = 5,605.47 M3/ha/yr 

4) Sediment yield (USLE – USPED) = 5,631.34 ~ 5,605.47 

= Average 5,618.40 M3/ha/yr 

• Year 2020 

A. Erosion Hazard Level 2020 
 

TABLE 20. USLE and USPED Sub-watershed Erosion Hazard Levels in 2020 

 
 

B. Sediment Load 2020 

I. The comparison of the results of the analysis of the level 

of erosion hazard are: 

1) In the prediction of the USLE model of the erosion 

hazard level, there is no very heavy erosion found on the 

land. 

2) In the prediction of the USPED model based on the 

spatial distribution of the erosion hazard level, there is 

very heavy erosion towards the steepest slope. 

3) The prediction results of the USPED model show that 

there is a spatial distribution of the level of erosion 

hazard towards the steepest slope with an area of 42.57% 

of the total area of land that is eroded as predicted by the 

USLE model. 

4) Stable criteria are not classified in the USLE model but 

in the USPED there is a stable condition which means 

that the distribution of erosion and sediment is equal 

(1:1). 

II. The comparison of the results of the sediment load 

analysis are: 

1) There was an increase in sediment mutants from the 

original 12,631.34 tons/ha/year in 2007 to 13,390.20 

tons/ha/year in 2020. 

2) In the prediction of the USLE model, the sediment 

load is determined by the SDR (Sediment Delivery 

Ratio) value so that it cannot estimate and map the 

sediment flow that occurs. 

3) In the prediction of the USPED model the landscape 

potential for erosion and soil deposition towards the 

steepest slope can be estimated and mapped. 

4) The prediction results of the USPED model show that 

there is a spatial distribution of erosion and sediment 

hazard levels towards the steepest slope with a 

sediment area of 30.96% of the average land erosion. 

Then the results of the USPED model sediment = 

((Average potential erosion / USLE average soil loss) x 

USPED Sediment Percentage) 

((95,918.45/2,242) * 30.96%) = 13,245.47Ton/ha/yr : 

2,242 = 5,907.88M3/ha/yr 

4) Sediment yield (USLE ~ USPED) = 5,989.16 ~ 

5,907.88 = Average 5,948.52 M3/ha/yr. 

J. Alopohu River Sediment Control Efforts 

The ineffectiveness of the sediment control building is due 

to the non-operation of maintenance and rehabilitation of the 

sediment control building. 

Based on this, the efforts that need to be made are: 

1. Carry out maintenance operations and rehabilitation of 

sediment control buildings. In accordance with Circular 

Number: 05/SE/D/2016 Director General of Natural 

Resources, Ministry of Public Works concerning 

Guidelines for Operation and Maintenance of River 

Infrastructure and River Maintenance, in this case 

optimizing the utilization of river infrastructure, therefore 

to streamline the function of sediment control buildings it 

is necessary to dredge sediment in reservoirs , especially 

sediment that accumulates in front of the inlet (upstream) 

and outlet (downstream) gates is carried out at least 1 (one) 

time in 5 (five) years. 

ALO sub-watershed 
 

TABLE 21. Sediment Control Building Storage Volume (Chekdam) Alo 

River-Alo Sub-Watershed After Dredging 

 
 

From the table, sediment control in the Alo Sub-watershed 

will be more effective if dredging is carried out and by adding 

alternative sediment control buildings, the operation and 

maintenance of river infrastructure and river maintenance on a 

regular basis once in 5 (years) can be fulfilled. 

K. Sediment Control Building Effectiveness 

Sediment handling in the form of chekdam 

construction/sediment control buildings on rivers in the 

research area has been widely carried out as an effort to reduce 

sediment transport from the Alopohu River to Limboto Lake. 

 
TABLE 22. Sediment Control Building Storage Volume (Chekdam) Sungai 

Alo-Sub DAS Alo 
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TABLE 23. Storage Volume of Sediment Control Building (Chekdam) 

Molalahu River-Molamahu Sub-watershed 

 
 

TABLE 24. Storage Volume of Sediment Control Building (Chekdam) 

Pulubala River CS - Pulubala Sub-watershed 

 
 

TABLE 25. Sediment Control Building Storage Volume (Check Dam) Pihu 
River - Batu Layar Sub-watershed 

 
 

The level of reduction of sediment control buildings / 

checkdams that have been built in each sub-watershed is based 

on the capacity of the storage volume with the following 

calculation results: 

 
TABLE 26. Total Volume of Sediment Control Building Storage (Chekdam) 

Alopohu River 

 
 

Calculation of the average sediment yield (sediment yield) 

for the USLE and USPED sub-watershed methods with the 

following calculation results: 
 

TABLE 27. Total Alopohu River Sediment Load 

 
 

Based on the calculation between the total storage volume 

of the existing sediment control building by comparing the total 

sediment load in 5 years, the service life for effectiveness is 

described in the calculation as follows: 

Service Life of Sediment Control Building (Chekdam) 

The effectiveness of the sediment control buildings / 

checkdams that have been built in each sub-watershed at the 

time of the research are as follows: 

ALO sub-watershed 

The condition of the Alo Sub-watershed sediment control 

building located on the Alo River at the time of this research 

was unable to contain the sediment rate because of the 5 (five) 

chekdam buildings there was 1 (one) chekdam built in 2009 in 

a damaged condition and 4 (four) buildings The chekdam, 

which was built in 2012, has a full reservoir. 

Based on these conditions, the calculation of the 

effectiveness of the sediment control building for the last 8 

(eight) years is as follows: 
 

TABLE 28. Sediment Control Building Service Life (Chekdam) 

 
 

Effectiveness = Total sediment storage volume / (Average 

sediment yield x time) = 23,945.85 M3 / (5,779.94 m3 X 8 

years) = 23,945.85 / 46,239.50 

= 51.79% 

Thus in the last 8 (eight) years excess sediment of 48.21% 

or 22,293.65 M3 is still transported downstream. 
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V. CONCLUSION 

1. Based on the analysis results of the Universal Soil Loss 

Equation (USLE) erosion prediction model and the erosion 

and sediment prediction model of the Unit Stream Power 

Based Erosion Deposition model (USPED) in the Alopohu 

River catchment area (DTA) in the 2007-2020 period, they 

are as follows: 

• Alo sub-watershed 

Between the two models of erosion distribution on sediment 

yields, there are differences in the erosion values, namely: 

o 2007 = 11,377.43 ~ 6,523.98 Tons/ha/yr. 

o 2020 = 10.004.40 ~ 5,837.63 Tons/ha/yr 

Based on the average value of USLE and USPED, there was 

a decrease in sediment yield of 1,029.69 Tons/ha/yr: 14 

years = 73.55 Tons/ha/yr. 

Comparison of land cover changes that affect the increase 

in erosion of the Alo sub-watershed in 2007 and 2020 is the 

increase in land area that has a high CP value, namely, 

settlements covering an area of 235.29 hectares (3.08%), 

agriculture of dry land mixed with shrubs 165.82 hectares 

(2.18%), agriculture Dry Land 135.34 Hectare (1.78%) and 

the decreasing area of land that has a low CP value, namely 

Shrubs decreased by 447.64 Hectare (5.89), Rice Fields 

88.25 Hectare (1.16%) while Secondary Dry Land Forest 

although there is an increase in area but not significant is 

only 0.46 hectares (0.01%). 

2. The results of the evaluation of sediment control efforts that 

must be carried out in the Alopohu River catchment area by 

adding sediment control buildings in rivers in the Sub-

watershed area and dredging the existing (existing) 

sediment control structures. 

The results of the calculation of efficiency between the 

addition of new buildings to the service life of 5 (five) years 

are more efficient than carrying out Operation and 

Maintenance every year for 5 (five) years. 

Problems that occur in efforts to control erosion and 

sediment are: 

o Operations and maintenance of sediment control 

buildings are not carried out properly so that many 

buildings have been damaged and sediment storage is 

over capacity. 

o There is no change in land management in reducing 

the impact of erosion and sediment, especially in dry 

land agricultural areas in the Alo sub-watershed and in 

the Batu Layar sub-watershed, causing the level of 

erosion and sediment in the two sub-watersheds to 

tend to rise. 

3. From the results of the Universal Soil Loss Equation (USLE) 

analysis and modeling using the Stream Power Based 

Erosion Deposition (USPED) Unit, the distribution of 

erosion potential and sediment/deposition can be estimated 

and mapped so that the placement of the Sediment Control 

Building location can be more effective in controlling the 

transport of sediment that occurs. occurs, the simulation 

results with the USPED model are as follows: 

o ALO Sub-watershed  

The placement of the sediment control buildings in the 

Alo Sub-watershed that has been built is in the 

downstream area of the Alo River which was built in a 

series of 5 (five) buildings, 1 (one) was damaged, 4 (four) 

in good condition were able to reduce sediment by 51.79% 

with a service life the reservoir is 4.14 years but the 

current condition of the building is no longer effective 

because the reservoir is full and unable to withstand and 

control the rate of sediment transport downstream. 
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