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ABSTRACT
The Sario Sub-Watershed is a densely populated urban catchment in Manado City, North

Sulawesi, that drains directly into Manado Bay and is prone to recurring floods and riverbed
siltation. This study analyzed the rate of soil erosion and the amount of sediment reaching the
Sario River in the downstream part of the sub-watershed, an area not yet specifically assessed
by earlier studies covering the whole Sario watershed. Erosion was estimated using the
Universal Soil Loss Equation (USLE) integrated with a Geographic Information System (GlS),
combining rainfall erosivity (R), soil erodibility (K), slope length and steepness (LS), land cover
(C), and conservation practice (P) factors derived from ten years (2015-2024) of rainfall data,
soil and land-cover maps, and a Digital Elevation Model. The resulting sediment yield delivered
to the river was then estimated using the Sediment Delivery Ratio (SDR) of Auerswald (1992)
and the Boyce method. Results show a total annual erosion of 715,436.74 tons across 1,207.10
ha, or an area-weighted average of 592.69 tons/ha/year, placing the sub-watershed in Erosion
Hazard Class V (very severe) under Indonesian Ministry of Forestry Regulation No. 32/2009.
Class V areas cover 596.96 ha (49.45%), concentrated on steep, densely settled terrain
dominated by Eutric Cambisol soil. The estimated SDR of 0.291 yields a sediment load of
208,191.90 tons/year reaching the Sario River. These findings indicate that erosion and
sedimentation in the sub-watershed are driven mainly by steep topography combined with low-
conservation-value settlement land, underlining the need for forestry-based watershed
interventions such as land rehabilitation, urban green open space development, riparian buffer
strips, and agroforestry to reduce erosion, sedimentation, and recurrent flooding.
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INTRODUCTION
A watershed is a land area bounded by ridgelines and valleys that functions to store and channel

rainwater and sediment through its river network toward an outlet such as a lake or the sea
(Haikal et al., 2023; Nurrohman & Adlin, 2018; Supatno & Asih, 2016). A well-functioning
watershed supports ecosystem balance and supplies water for agricultural, residential, and
industrial needs (Sudiartono et al., 2022). However, its condition is strongly influenced by
biophysical factors such as topography, soil type, vegetation cover, and land use, and poor
management of these factors gives rise to environmental problems, particularly erosion and
sedimentation (Gusma et al., 2023).

The Sario Sub-Watershed forms part of the larger Sario Watershed in Manado City, North
Sulawesi, and plays an important role because its channel passes through densely populated
settlement and urban areas. Conversion of forest and shrubland into settlement, infrastructure,
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and economic activity has reduced the land's capacity to absorb rainwater, potentially
accelerating erosion and sedimentation along the Sario River, which is frequently associated
with flooding and channel siltation. A previous study by Turangan et al. (2019) assessed erosion
across the entire Sario Watershed using the USLE method and reported an average erosion rate
of 53.89 tons/ha/year, but did not focus specifically on the downstream sub-watershed or
incorporate a sedimentation analysis. The present study therefore focuses on the downstream
part of the sub-watershed, an area of dense activity that is particularly vulnerable to
sedimentation from land-cover change and increased surface runoff. Suadnya et al. (2017)
further reported that flood discharge in the Sario River recurs almost every rainy season, with
overflow already occurring in the Citraland area at a 10-year return period, indicating that
erosion, sedimentation, and flooding in the Sario Sub-Watershed are closely interrelated issues
requiring comprehensive assessment. A similar pattern of flood vulnerability driven by the
interaction of slope, land cover, and rainfall intensity has also been reported elsewhere in
North Sulawesi, where GIS-based flood-hazard mapping in the Binerean Landscape, South
Bolaang Mongondow Regency, found that flat to gently sloping terrain combined with high
monthly rainfall largely determined the recurrence of flooding, underlining the broader
relevance of integrating land-cover and topographic analysis into flood and sedimentation
studies in the region (Ragentu et al., 2025).

One widely used method for quantifying erosion is the Universal Soil Loss Equation (USLE)
developed by Wischmeier and Smith (1978), which estimates erosion based on climatic, soil,
slope, land-cover, and conservation-practice factors. Erosion values obtained from USLE can
further be linked to the amount of sediment reaching a river channel through the Sediment
Delivery Ratio (SDR) approach of Auerswald (1992) (Moha et al., 2020). The integration of USLE
with a Geographic Information System (GIS) allows spatial data such as rainfall, soil type,
topography, and land use to be combined within a single system, so that erosion and
sedimentation can be mapped spatially rather than expressed only as aggregate figures,
providing a stronger basis for watershed management planning (Puno et al., 2021).

This study aims to (1) analyze the level of erosion in the Sario Sub-Watershed based on
variation in land cover and slope steepness using the USLE method with a GIS approach, and
classify erosion hazard classes according to Indonesian Ministry of Forestry Regulation No.
32/2009; and (2) predict the amount of sediment delivered to the Sario River using the Sediment
Delivery Ratio (SDR) approach of Auerswald (1992) and the Boyce method, and analyze its
implications for sub-watershed management in the forestry sector. The results are expected to
provide updated quantitative data to support integrated watershed management by relevant
agencies, particularly the Tondano Watershed Management Agency (BPDAS Tondano), and to
inform the prioritization of Forest and Land Rehabilitation (RHL-DAS) activities in the Sario Sub-
Watershed.

METHODOLOGY

Time and Place of Research

This research was conducted from December 2025 to January 2026 in the Sario Sub-Watershed,
Manado City, North Sulawesi, geographically located at 1°2729.4" N and 124°50'31.6" E.
Administratively, the sub-watershed covers several urban wards within the districts of Sario,
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Wenang, Wanea, and Tikala, and drains directly into Manado Bay, making it a downstream area
highly vulnerable to erosion and sedimentation originating from upstream regions.
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Figure 1. Map of the Research Location

Tools and Materials

The tools used in this study included a laptop with Quantum GIS (QGIS) version 3.42.1 for spatial
data processing, Google Earth Pro for satellite imagery verification, and Microsoft Excel for
tabular data processing and calculation of USLE factors. Secondary data used included ten years
(2015-2024) of monthly rainfall data from the North Sulawesi Climatology Station of the
Meteorology, Climatology, and Geophysics Agency (BMKG); soil-type and 2024 land-cover maps
from the Tondano Watershed Management Agency (BPDAS Tondano); and Digital Elevation
Model (DEM) data obtained from the Indonesian Geoportal (Ina-Geoportal).

Research Method

This study applied a descriptive quantitative method with a spatial analysis approach. Spatial
processing was carried out in QGIS and included masking of the sub-watershed boundary, data
editing, and overlay of thematic layers. All data analyzed were secondary data - rainfall
records, soil-type and land-cover maps, and DEM data - obtained from relevant agencies and
official online sources. Calculation results were summarized in tables using pivot tables in
Microsoft Excel and mapped spatially to visualize the distribution of erosion levels across the
sub-watershed.

Data Analysis Procedure
The sub-watershed boundary was delineated manually from DEM and river-network data in QGIS

by tracing ridgelines separating flow toward the Sario River from flow toward adjacent
catchments, and validated against the 2024 BPDAS Tondano sub-watershed boundary map. All
spatial layers were projected to a uniform coordinate system (WGS 84 / UTM Zone 51N) prior
to further analysis.
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The rainfall erosivity factor (R) was calculated from ten years of monthly rainfall data
using the Lenvain (1975) equation as described in Pamungkas (2020), R = 2.21P*-3¢, where P is
the average monthly rainfall in centimeters. Monthly R values were summed to obtain the
annual rainfall erosivity index, which is homogeneous across the study area since it is derived
from a single representative rainfall station.

The soil erodibility factor (K) was assigned to each soil-map unit based on the BPDAS
Tondano soil-type map and relevant literature. The slope length and steepness factor (LS) was
derived from Ina-Geoportal DEM data reprojected to WGS 84 / UTM Zone 51N, with slope
percentage calculated using the Slope function in QGIS and classified into five classes following
Salma et al. (2024), as summarized in Table 1.

Table 1. Slope Length and Steepness (LS) Classification

Class Slope (%) Description LS Value
| 0-8 Flat 0.4
Il >8-15 Gently sloping 1.4
] >15-25 Moderately steep 3.1
v >25-40 Steep 6.8
\' >40-100 Very steep 9.5

Source: Salma et al. (2024)

Land cover for 2024 was obtained from BPDAS Tondano and verified through visual
interpretation of Google Earth Pro satellite imagery. Six land-cover classes were identified:
mixed gardens, settlement, dryland agriculture mixed with shrubs, swamp, open space, and
shrubland. Each class was assigned a land-cover management factor (C) value following Raco
et al. (2022) and Pratama et al. (2024), as shown in Table 2. Because none of the land-cover
classes in the sub-watershed - including dense settlement areas - apply soil-conservation
practices such as terracing or contour planting, the conservation-practice factor (P) was set
equal to 1 for all classes, following Harliando et al. (2023) and Seto and Pandey (2019).

Table 2. Land Cover Management (C) Factor Values by Land-Cover Class

Land Cover C Value
Mixed garden 0.20
Settlement 0.50
Dryland agriculture mixed with shrubs 0.28
Swamp 0.01
Shrubland 0.26
Open space 0.30

Source: Raco et al. (2022) and Pratama et al. (2024)

Annual soil loss (A, in tons/ha/year) was then computed using the USLE equation of
Wischmeier and Smith (1978): A=R x K x LS x C x P, by overlaying all five factor layers in QGIS.
The resulting erosion values were classified into five erosion hazard classes following Indonesian
Ministry of Forestry Regulation No. 32/2009 (Table 3), and summarized by land-cover class and
slope class using pivot tables in Microsoft Excel.
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Table 3. Erosion Hazard Classification

Erosion Hazard Class Erosion Rate (tons/ha/year) Description
| <15 Very low
Il 15-60 Low
1} 60-180 Moderate
v 180-480 Heavy
\' >480 Very heavy

Source: Ministry of Forestry Regulation No. 32/2009

The amount of sediment actually delivered to the Sario River was then estimated in two
stages. First, the Sediment Delivery Ratio (SDR) was calculated using the Auerswald (1992)
equation, SDR = -0.02 + 0.358A70-92 where A is the sub-watershed area in hectares. Second,
the resulting SDR was used to compute the total annual sediment yield (Y, in tons/year) using
the Boyce method as applied by Purwadi et al. (2016): Y = X x SDR x A, where X is the area-
weighted average erosion rate (tons/ha/year), obtained by dividing total annual erosion by the
total sub-watershed area.

Finally, thematic maps showing the spatial distribution of erosion hazard classes were
produced in QGIS following standard cartographic conventions (title, legend, scale, north
arrow, and coordinate system), and the results were analyzed descriptively with respect to the
distribution of erosion by land cover and slope class, the interaction among USLE factors, and
the implications of the estimated sedimentation for the condition of the Sario River and sub-
watershed management from a forestry perspective.

RESULTS AND DISCUSSION

Rainfall Erosivity Factor (R)
The rainfall erosivity index (R) was calculated from ten years (2015-2024) of monthly rainfall

data using the Lenvain method. Average monthly rainfall and the corresponding R values are
presented in Table 4.

Table 4. Average Monthly Rainfall and Rainfall Erosivity Index (R) of the Sario Sub-Watershed, 2015-2024

Month Rainfall (mm) Rainfall (cm) R
January 513.14 51.31 468.08
February 302.05 30.21 227.67
March 300.14 30.01 225.71
April 192.58 19.26 123.44
May 151.85 15.19 89.35
June 234.59 23.46 161.44
July 170.74 17.07 104.80
August 111.33 11.13 58.58
September 187.50 18.75 119.04
October 201.53 20.15 131.31
November 206.44 20.64 135.68
December 403.52 40.35 337.57
Total (ZR) 2,182.68

Source: secondary data processing
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The highest monthly rainfall erosivity occurred in January (468.08) and the lowest in
August (58.58), consistent with the annual rainfall pattern, in which rainfall is concentrated in
January and December (wet season) and lowest in August (dry season). The resulting annual
rainfall erosivity value for the Sario Sub-Watershed is 2,182.68, and this value is homogeneous
across the entire sub-watershed since it is derived from data representing the whole study area.
The high R values during the wet months indicate substantial kinetic energy of rainfall capable
of detaching soil particles, potentially triggering erosion and higher surface runoff compared
with drier months, consistent with Nazuhan et al. (2018), who noted that rainfall concentrated
within short periods increases erosion risk relative to rainfall distributed evenly throughout the
year.

Soil Erodibility Factor (K)
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Figure 2. Soil Type Map of the Sario Sub-Watershed

The Sario Sub-Watershed is dominated by two soil types: Eutric Cambisol (K = 0.334) and
Vitric Andosol (K = 0.28). Eutric Cambisol dominates most of the sub-watershed, particularly its
northern, central, and eastern parts, while Vitric Andosol is found only in the southern part, in
the Winangun Satu and Winangun Dua wards. Based on standard erodibility classification, the K
value of Eutric Cambisol falls in the moderately high class, while that of Vitric Andosol falls in
the moderate class. The higher K value of Eutric Cambisol indicates a greater susceptibility to
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erosion, consistent with Andriyani and Fadila (2024), who noted that higher K values correspond
to greater potential soil loss. Given the dominance of Eutric Cambisol across most of the sub-
watershed, the area is generally classified as having moderate to moderately high susceptibility
to erosion. This soil-mediated variation in erodibility is consistent with findings from the Mount
Masarang Protected Forest, North Sulawesi, where measured K values also differed markedly
among land-cover types - lowest under grass/reed cover and highest on agricultural land with
reduced organic matter and higher silt content - confirming that soil physical and chemical
properties interact with land management to shape erosion susceptibility (Djufri et al., 2021).

Slope Length and Steepness Factor (LS)
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Figure 3. Slope Class Map of the Sario Sub-Watershed

The upstream and central parts of the sub-watershed (around Wenang Selatan, Sario,
and Sario Kotabaru) are generally flat to gently sloping (0-15%), whereas the eastern and
southern parts (Tanjung Batu, Bumi Nyiur, Winangun, and Koka) exhibit more varied topography
with substantial areas of moderately steep to very steep terrain (15->40%). Steep and very
steep classes tend to follow the pattern of tributary streams, indicating narrow valleys with
sharp slopes along river courses. This is consistent with Kusumo and Nursari (2016), who noted
that steep-slope areas have higher LS values and therefore greater erosion potential. This
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significant topographic variation is one of the main factors underlying the high spatial variation
in erosion rates across the sub-watershed, as discussed further below.

Land Cover (C) and Conservation Practice (P) Factors
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Figure 4. Land Cover Map of the Sario Sub-Watershed

Settlement is the most dominant land-cover class in the Sario Sub-Watershed, covering
1,097.03 ha or 90.88% of the total sub-watershed area, distributed fairly evenly from upstream
to downstream, with a C value of 0.50. This high proportion of settlement land is a major
concern, since built-up land has a low capacity to dissipate the impact energy of rainfall or
retain surface runoff compared with natural vegetation, consistent with Harliando et al. (2023),
who noted that dense vegetation cover corresponds to a low C value and plays a major role in
suppressing erosion, whereas open or built-up land tends to have a high C value. The
conservation-practice factor (P) was set equal to the C value for each land-cover class, since
none of the land-use classes in the sub-watershed - including dense settlement areas - apply
conservation practices such as terracing or contour planting, consistent with Harliando et al.
(2023) and Moniaga and Takumansang (2016) regarding the dominance of built-up areas in urban
catchments.
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Erosion Rate (USLE Results)
Applying the USLE equation (A = R x K x LS x C x P) through overlay of all factor layers in QGIS

shows that total annual erosion across the 1,207.10 ha Sario Sub-Watershed is 715,436.74
tons/year, with an area-weighted average erosion rate of 592.69 tons/ha/year. This value falls
within Erosion Hazard Class V (very severe) under Indonesian Ministry of Forestry Regulation
No. 32/2009 (>480 tons/ha/year).

Erosion by Land Use and Slope Combination
Erosion rate per unit area (tons/ha/year) increased consistently with slope steepness across

nearly all land-cover classes, in line with the increase in LS value from 0.4 on flat terrain (0-
8%) to 9.5 on very steep terrain (>40%). For example, in settlement areas on Eutric Cambisol
soil, the erosion rate increased more than 23-fold, from 145.80 tons/ha/year on flat slopes to
3,462.82 tons/ha/year on very steep slopes. A similar pattern was found in mixed gardens
(58.32 to 1,385.13 tons/ha/year) and dryland agriculture mixed with shrubs (68.45 to 1,939.18
tons/ha/year), confirming the dominant role of the LS factor in determining erosion intensity
at the land-unit scale.

The combination of settlement on flat slopes (0-8%) with Eutric Cambisol soil had the
largest area among all combinations (503.16 ha) and a moderate per-hectare erosion rate (Class
lll, 145.80 tons/ha/year), yet because of its dominant area it still contributed 73,361.89
tons/year, or about 10.26% of total sub-watershed erosion. In contrast, the largest single
contribution to total annual erosion came from settlement on moderately steep slopes (15-25%)
with Eutric Cambisol soil, amounting to 204,508.68 tons/year (28.59% of total erosion), despite
covering a much smaller area (180.99 ha), owing to its very high per-hectare erosion rate
(1,129.97 tons/ha/year, Class V). Conversely, combinations with very high per-hectare erosion
but very small area, such as shrubland on slopes >40% (1,800.67 tons/ha/year over only 0.01
ha), contributed just 20.19 tons/year to total erosion. These findings indicate that both the
per-hectare erosion rate and the affected area must be considered together when prioritizing
erosion control, since areas with dominant coverage - such as settlement on gentle to
moderately steep slopes - contribute the greatest absolute sediment load reaching the Sario
River, even where their per-hectare erosion rate is not extreme.

When averaged by land-cover class across all slope variations, shrubland showed the
highest mean erosion rate (910.02 tons/ha/year), followed by dryland agriculture mixed with
shrubs (722.99 tons/ha/year) and mixed gardens (599.40 tons/ha/year). Nonetheless, the
absolute contribution to total sub-watershed erosion remained dominated by settlement given
its much larger area (1,097.03 ha). Swamp recorded the lowest mean erosion rate (5.28
tons/ha/year), reflecting the effectiveness of swamp vegetation cover in dissipating the erosive
energy of rainfall, consistent with its very low C value (0.01).

Distribution by Erosion Hazard Class
The calculated erosion rates were classified into five erosion hazard classes following Ministry

of Forestry Regulation No. 32/2009, with the resulting area distribution shown in Table 5.
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Table 5. Distribution of Erosion Hazard Class Area in the Sario Sub-Watershed

Class Erosion Rate (tons/ha/year) Description Area (ha) %
I <15 Very low 47.03 3.90
Il >15-60 Low 1.41 0.12
I >60-180 Moderate 524.47 43.45
v >180-480 Heavy 37.22 3.08
v >480 Very heavy 596.96 49.45
Total 1,207.10 100

Source: secondary data processing
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Figure 5. Erosion Hazard Class Map of the Sario Sub-Watershed

Class V (very heavy) dominates the sub-watershed with an area of 596.96 ha (49.45%),
followed by Class Il (moderate) covering 524.47 ha (43.45%), while Classes I, I, and IV together
cover only a small portion of the area (3.90%, 0.12%, and 3.08%, respectively). Areas classified
as very heavy are concentrated in the upstream to central parts of the sub-watershed, where
topography is steep, including the wards of Tingkulu, Bumi Nyiur, Winangun, Pakowa, and Koka,
whereas very low and low classes are limited to relatively flat coastal areas such as Wenang
Selatan and Titiwungan. The dominance of the very heavy class indicates that erosion conditions
in the Sario Sub-Watershed are already at a level of serious concern, far higher than the 53.89
tons/ha/year average erosion reported by Turangan et al. (2019) for the entire Sario
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Watershed. This difference suggests that the specific biophysical characteristics of the sub-
watershed - particularly its steep slopes combined with dominant built-up land use - produce
erosion levels far higher than the average obtained at the broader watershed scale. A
comparable contrast can be seen with the Marawas Micro-Watershed within the Tondano
Watershed Management Unit, where Kumendong et al. (2013) reported a much lower average
erosion rate of 49.45 tons/ha/year, dominated by very light to moderate hazard classes under
mostly forested and mixed-garden cover with minimal settlement, further underscoring how
the extensive built-up land use in the Sario Sub-Watershed drives its markedly higher erosion
severity.

Distribution by Land Use
Table 6 presents the recapitulation of erosion hazard class area by land-use class.

Table 6. Recapitulation of Erosion Hazard Class Area by Land Use

No Land Use | Il [} v \' Total (ha)

1 Mixed garden - 1.23 - 12.46 7.45 21.14

2 Settlement 42.55 - 506.77 4.54 543.16 1,097.03

3 Dryland agri./shrubs - - 9.91 19.17 44.29 73.37

4 Swamp 4.48 0.18 - - - 4.66

5 Open space - - 7.79 0.83 0.50 9.11

6 Shrubland - - 0.003 0.23 1.57 1.80
Grand Total 1,207.10

Source: secondary data processing

Table 6 shows that settlement is not only the most extensive land-cover class but also
the largest contributor to Erosion Hazard Class V (very heavy), covering 543.16 ha. This occurs
in settlement areas on steep to very steep slopes, where the combination of high LS values and
the settlement C value (0.50) produces very high erosion rates despite the built-up surface
conceptually being impervious. This is consistent with Ridwan and Sarjito (2024), who found
that land conversion to settlement increases surface runoff and erosion, especially where
drainage systems and conservation measures are inadequate. In contrast, swamp shows the
lowest erosion rates, with its entire area (4.66 ha) falling in Class | (very low) and Class Il (low),
consistent with its very low C value (0.01), indicating that swamp vegetation effectively
dissipates the erosive energy of rainfall. In mixed gardens and dryland agriculture mixed with
shrubs, the largest erosion occurs on steep to very steep slopes (dominated by Classes IV and V
respectively), confirming that on non-built-up land, slope (LS) is the primary determinant of
high erosion rates, consistent with the findings of Sitepu et al. (2017) that steeper and longer
slopes produce greater erosion. Overall, these results confirm that the high erosion rate in the
Sario Sub-Watershed results from a complex interaction of high rainfall erosivity, erosion-
susceptible soil (particularly Eutric Cambisol), steep topography in the upstream-central area,
and dominant built-up land use with minimal soil-conservation practice. A similar pattern was
found in the Kuala Saluhwua Sub-Watershed, Minahasa Regency, where settlement, shrubland,
and agriculture on steep slopes produced heavy to very heavy erosion, while secondary dryland
forest produced only very low to low erosion (Bulawan, 2025), confirming that dense vegetation
cover consistently suppresses erosion across different sub-watersheds in North Sulawesi.
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The high erosion rate in the downstream Sario Sub-Watershed is closely related to the
recurring siltation and flooding of the Sario River reported by Suadnya et al. (2017), who found
that overflow has already occurred at a 10-year return period in the Citraland area. Eroded
material from land in the Heavy to Very Heavy hazard classes - particularly dense settlement
and steep-sloped agricultural and garden land - is likely to be carried by surface runoff into the
river and deposited downstream, reducing the channel's conveyance capacity. It should be
noted that this study covers only the downstream part of the Sario Sub-Watershed, so the results
represent the sediment contribution from the study area alone; the actual condition of the
Sario River is also influenced by erosion and sediment originating from upstream areas outside
the scope of this study, meaning the total sediment load reaching the river mouth is likely
higher than the estimate presented here.

Sediment Yield (SDR and Boyce Method)
The Sediment Delivery Ratio (SDR) was calculated using the Auerswald (1992) approach based

on the total sub-watershed area of 1,207.10 ha: SDR = -0.02 + 0.358(1,207.10)70-92 = 0.291. This
value indicates that on average, about 29.1% of total erosion in the sub-watershed is estimated
to actually reach and settle as sediment in the Sario River, while the remaining 70.9% is retained
or deposited along slopes, depressions, or flat areas before reaching the river. This relatively
low SDR is expected, since larger watershed areas correspond to longer sediment transport
distances and travel times, increasing the likelihood of intermediate deposition, consistent with
Moha et al. (2020), who noted that the amount of sediment reaching a river is influenced by
topography, land cover, and sediment transport distance.

Sediment yield was then calculated using the Boyce method as applied by Purwadi et
al. (2016), by multiplying the area-weighted average erosion rate (X), the SDR value, and the
total sub-watershed area: Y = X' x SDR x A = 592.69 x 0.291 x 1,207.10 = 208,191.90 tons/year.
This value represents the estimated annual sediment load potentially accumulating in the Sario
River channel, either as bed siltation or as a reduction in channel conveyance capacity,
ultimately contributing to recurring flood events as reported by Suadnya et al. (2017)
concerning overflow of the Sario River in the Citraland area. Since this result represents only
the contribution from the downstream sub-watershed, the actual sediment load received by
the Sario River as a whole is likely greater, given additional sediment inputs from upstream
areas of the Sario Watershed outside the scope of this study.

Implications for Forestry-Based Watershed Management
The findings show that the Sario Sub-Watershed experiences an average erosion rate of 592.69

tons/ha/year (Erosion Hazard Class V - very severe), with an estimated 208,191.90 tons/year
of sediment reaching the Sario River. Both figures reflect a single degradation process - soil loss
on critical land (erosion) that largely ends up as sediment load in the river channel
(sedimentation) - linked through an SDR of 0.291. These high values are consistent with the
dominance of low-conservation-value settlement land (CP = 0.50) and steep topography in the
upstream-central sub-watershed. This is consistent with Manga (2025), whose study on the
Kembes River in Minahasa Regency found that forest-covered areas consistently maintain better
hydrological conditions than plantation and settlement areas, confirming that minimal
vegetation cover on built-up land increases surface runoff and worsens downstream river
conditions.
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The limited protective vegetation cover in the Sario Sub-Watershed is consistent with
the broader condition of urban green open space (RTH) in Manado City, which remains far below
the minimum standard. According to Pangemanan et al. (2017) and Seroan et al. (2025), green
open space in Manado City covers only about 14.51% of the total urban area, whereas Indonesian
Law No. 26/2007 on Spatial Planning requires a minimum of 30% green open space (20% public
and 10% private) for every urban area. More specifically, the Sario and Wenang districts, which
overlap directly with the study area, have only about 7% green open space, making them among
the most critical areas in the city in this respect. This is consistent with the present finding
that open space covers only 9.11 ha, or about 0.75% of the total sub-watershed area (Table 6),
far below the vegetation proportion needed to effectively suppress surface runoff and erosion.
The high erosion and sedimentation found in this study are therefore not merely a hydrological
issue, but also reflect a long-standing deficit in urban green space planning in Manado City.
Beyond its hydrological role, urban forest cover of this kind also carries direct social value, as
shown by Bato et al. (2024) in nearby Tomohon City, where the local community rated the
urban forest highly for recreation and environmental functions, indicating that expanding tree
cover in the Sario Sub-Watershed could simultaneously reduce erosion risk and provide a much-
needed public green space for residents.

As part of watershed management, the forestry sector has a central role in addressing
both processes, since the root causes identified in this study - low conservation value of built-
up land and minimal protective vegetation cover - fall directly within the scope of silviculture
and soil-and-water conservation interventions. This is consistent with the national policy
framework, namely Ministry of Environment and Forestry Regulation No. 23/2021 on the
Implementation of Forest and Land Rehabilitation, which mandates rehabilitation through
reforestation (either intensive or agroforestry-based) and the application of soil-conservation
techniques, as well as Ministry of Environment and Forestry Regulation No. 10/2022 on
Watershed-Based Forest and Land Rehabilitation, which affirms that such rehabilitation aims
to restore watershed hydrological function and improve land carrying capacity and productivity.

Several prior forestry studies support the relevance of vegetative approaches to the
problems identified in the Sario Sub-Watershed. Naharuddin (2017) showed that vegetation
composition and structure, particularly canopy stratification, play a major role as a hydrological
and erosion parameter by reducing rainfall interception and surface runoff. Harliando et al.
(2023), through RUSLE-based spatial modeling of vegetation cover, demonstrated that
increased vegetation cover measurably reduces erosion at the watershed scale. Sumanto et al.
(2023), studying erosion and sedimentation in the Lesti Sub-Watershed, recommended using
erosion-sedimentation analysis as a basis for land-conservation planning, an approach
consistent with the objective of the present study. These findings reinforce that forestry-based
intervention is not merely a supplementary option but a core component in reducing erosion
and sedimentation in the Sario Sub-Watershed.

Given the specific condition of the Sario Sub-Watershed as a densely populated urban
catchment, several relevant forestry-based conservation measures include: (1) environmental
greening and vegetation rehabilitation on critical land, directing tree planting under Ministry
of Environment and Forestry Regulation No. 23/2021 toward Heavy-Very Heavy erosion hazard
areas that remain open or vacant, particularly on steep to very steep slopes in Tingkulu, Bumi
Nyiur, and Winangun; (2) development of urban green corridors and green open space, given
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the dominance of settlement (90.88% of the sub-watershed area) and the low green open space
coverage (about 7%) in Sario and Wenang districts, as recommended by Moniaga and
Takumansang (2016) for green infrastructure development in Manado City; such interventions
align with the broader principle that conservation-oriented landscape planning - integrating
ecological corridors, buffer zones, and spatial prioritization tools rather than isolated plantings
- offers a more effective framework for reconciling ecological function with the realities of
dense urban development (Saroinsong et al., 2026); (3) establishment of riparian buffer strips
along the Sario River, where dense vegetation along the riverbank can act as a filtering zone
that slows runoff and traps sediment before it reaches the channel, thereby directly reducing
the actual field SDR; and (4) implementation of agroforestry-based reforestation on community
cultivation land, particularly in mixed gardens and dryland agriculture mixed with shrubs
showing high erosion on steep slopes, combining conservation function with economic benefits
for landowners under Ministry of Environment and Forestry Regulation No. 23/2021.

The erosion and sedimentation results of this study therefore serve not only as
quantitative environmental data for the Sario Sub-Watershed, but also as a scientific basis for
prioritizing Watershed-Based Forest and Land Rehabilitation (RHL-DAS) activities consistent
with the national forestry policy framework, contributing to the forestry discipline’s role in
supporting sustainable urban watershed management in Manado City.

CONCLUSION
The erosion rate in the Sario Sub-Watershed, estimated using the USLE method with a GIS

approach, totals 715,436.74 tons/year with an area-weighted average of 592.69 tons/ha/year,
classified as Erosion Hazard Class V (very severe) under Indonesian Ministry of Forestry
Regulation No. 32/2009. The very severe class dominates the study area, covering 596.96 ha
(49.45%), mainly on steep, settled terrain with Eutric Cambisol soil. The estimated sediment
reaching the Sario River is 208,191.90 tons/year, derived from an SDR of 0.291 using the
Auerswald (1992) and Boyce approaches. This substantial sediment load contributes to recurring
siltation and flooding in the area, indicating a need for sub-watershed management through
Forest and Land Rehabilitation (RHL-DAS), development of urban green open space, riparian
vegetation buffer strips, and agroforestry on community cultivation land.
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