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One of the factors that influence the hydrological dynamics of a 
watershed is land use change, especially those related to water yield and 
river flow stability. The purpose of this research is to evaluate the impact 
of land use changes during the period 2018–2023 on water production 
and the River Regime Coefficient (RRC) in the Minraleng Sub-Watershed, 
Upper Walanae Watershed. Land cover change analysis was conducted 
using Sentinel-2 images from 2018 and 2023, while hydrological 
response was analyzed using the standard Soil and Water Assessment 
Tool (SWAT) model with inputs of climate, soil, topography, and land use 
data. Research results show that during the period 2018–2023, there was 
a decrease in mixed dryland agriculture, followed by an increase in 
secondary dryland forests and rice fields. SWAT simulations show that 
an increase in annual rainfall is followed by an increase in surface runoff, 
average discharge, and maximum discharge, while minimum discharge 
experiences a significant decrease. The condition of the watershed 
indicates that the ability to maintain base flow during the dry season has 
decreased. The value of the River Regime Coefficient (RRC) increased as 
a result of greater surface runoff, indicating an increase in river discharge 
variation between the rainy and dry seasons. The validation results 
based on community interviews show that the simulation model results 
are aligned. The hydrological stability of the Minraleng Sub-Watershed 
tends to decrease due to land-use changes and increased rainfall. 
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1. Introduction 
Land-use change such as deforestation, agricultural 
expansion, and the opening of cultivation areas have 

caused significant changes to the hydrological cycle. 
The reduction of vegetation cover decreases soil 
infiltration capacity and increases surface runoff, 

thereby triggering more extreme streamflow 
fluctuations in the form of floods during the rainy 

season and droughts during the dry season (Cai et 
al., 2021; Naha et al., 2021). Hydrological changes 
are further exacerbated by climate change, which 

intensifies extreme weather events and affects the 
spatial and temporal distribution of water resources. 
The impact of land-use changes on hydrology tends 

to be more complex due to the high dependence of 
local communities on land and water resources to 
meet daily needs (van Emmerik et al., 2014). 

Watersheds function as an ecological system that 
provides essential ecosystem services, such as water 

supply, erosion control, and support for agricultural 
activities (Dharmawan et al., 2023). Forest cover 
degradation in upstream watersheds reduces soil 
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water storage capacity, increases surface runoff, 
elevates erosion risk, and decreases water 

availability during the dry season (Mekonnen & 
Hoekstra, 2020; Peña-Arancibia et al., 2019). 

The Minraleng Sub-Watershed in Maros Regency is 
part of the upstream Walanae Watershed, which is 
designated as one of Indonesia’s priority watersheds 

and has experienced intensive land-use change in 
recent years (Firdazam et al., 2023; Tajuddin et al., 
2018). The upstream waters include features varied 

topography, ranging from lowlands to mountainous 
terrain, with dominant land uses including mixed 

dryland agriculture, rainfed paddy fields, shrubs, and 
secondary forest (Pemkab Maros, 2021). These land-
use changes are suspected to affect regional water 

balance, particularly water yield, infiltration capacity, 
surface runoff, and streamflow stability (Zhang et al., 
2020). Water regulation disturbances are reinforced 

by relatively steep slopes in the upstream watershed, 
which may increase surface flow and erosion when 

vegetation cover declines. The intensification of 
agricultural activities and land utilization without 
optimal application of soil and water conservation 

practices can accelerate watershed degradation and 
reduce land capacity to store and regulate water 
sustainably. 

The SWAT model can simulate hydrological processes 
spatially and temporally by integrating climate, soil, 

topography, and land-use data, making it suitable for 
analyzing changes in water yield, surface runoff, 
infiltration, evapotranspiration, and streamflow in a 

watershed (Ware et al., 2024). Numerous studies 
have shown that land-use change significantly 

influences watershed hydrological response, 
particularly in tropical regions characterized by high 
rainfall and intensive land-use pressures (Paiva et 

al., 2023; Ware et al., 2024). Most previous studies 
have focused on streamflow or erosion analysis 
without explicitly linking land-cover dynamics, water 

yield, and water regime stability, especially in the 
Minraleng Sub-Watershed. This study was conducted 

to analyze the impact of land-use change on water 
yield and the River Regime Coefficient (RRC) in the 
Minraleng Sub-Watershedusing the SWAT model for 

the 2018–2023 period. The findings are expected to 
provide scientific insights into the relationship 

between land-use change and watershed 
hydrological dynamics as a basis for sustainable 

watershed management in the Upper Walanae 
Watershed. 

 
2. Method 
1) Study Area 

This research was conducted in the Minraleng sub-
watershed, which is administratively located within 
the Cenrana, Camba, and Mallawa Districts of Maros 

Regency, South Sulawesi Province, Indonesia 
(Figure 1). The Minraleng Sub-Watershed covers an 

area of approximately 29,400 hectares and is 
characterized by a diverse topography ranging from 
flat to very steep terrain. This area was selected as 

the research site because it represents the 
upstream part of the Walanae Watershed, one of 
Indonesia’s national priority watersheds, and has 

experienced intensive land-use change in recent 
years. These conditions make the Minraleng Sub-

Watershed an important case study for 
understanding the impacts of land-use change on 
water yield and hydrological stability. 

 

 
Figure 1. Study area of the Minraleng Sub-

Watershed  
 

2) Data Collection 
The types of data used in this study, including their 

periods/resolutions, sources, and collection 
methods, are summarized in Table 1. 

 

Table 1. Types of data, period/resolution, sources, and collection methods used in the study 

Type Data  Period/Resolution Source 

Climate data 2018–2023 (daily) 
NASA POWER Data Access Viewer 

(https://power.larc.nasa.gov) 

Land cover data 
2018 and 2023 (10 × 10 

meters) 
Sentinel-2 satellite imagery 

Soil data 1:250.000 
RePPProt (Regional Physical Planning Programme 

for Transmigration) 

Soil physical 
properties 

2024 (three soil layers: 0–30 
cm, 30–60 cm, 60–90 cm) 

Field sampling and Watershed Management 
Laboratory, Faculty of Forestry, Hasanuddin 

University 
Topographic data 

(DEM) 
8x8 meters DEMNAS (tanahair.indonesia.go.id) 

Social–adaptive data 
of farmers 

2024 
Interviews with farmers, farmer groups, and 

community leaders in the Minraleng sub-

watershed 
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3) Data Analysis 
Data was analyzed spatially and quantitatively to 

determine the effects of land cover change on water 
yield, river discharge, and community adaptation in 

the Minraleng Sub-Watershed. The analysis stages 
included land cover change analysis, hydrological 
modeling using SWAT, calculation of the River 

Regime Coefficient (RRC), interviews, and spatial 
analysis of model outputs, as described below: 
• Land Cover Change Analysis 

Land-cover map for 2018 and 2023 were developed 
based on Sentinel-2 imagery with a 10-meter 

resolution. Image interpretation was conducted 
using ArcMap software. The process included image 
orthorectification, followed by classification to 

identify land cover types based on tone, color, and 
texture patterns. Land cover classes were defined 
according to the SWAT (Soil and Water Assessment 

Tool) classification model. 
ΔA=A2023-A2018 

where ΔA represents the change in land cover area 
(ha). 
• Soil Physical Properties Analysis 

Soil physical data were obtained from a semi-
detailed soil map at a scale of 1:50,000. Field soil 
sampling aimed to determine soil characteristics 

using a purposive sampling method. Both disturbed 
and undisturbed soil samples were collected using a 

ring sampler. The soil parameters used included: 
1) Soil crack volume (SOL_CRK), 
2) Available water capacity (SOL_AWC), 

3) Saturated hydraulic conductivity (SOL_K), 
4) Soil hydrological group (HYDGRP), and 

5) Soil albedo (SOL_ALB). 
Laboratory tests on soil samples were conducted to 
obtain detailed land characteristics as follows: 

1) Number of soil layers (NLAYERS) 
2) Depth of plant roots (SOL_ZMX) 
3) Soil porosity (ANION_EXCL) 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =  
𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦

𝑃𝑎𝑟𝑡𝑖𝑘𝑒𝑙 𝐷𝑒𝑛𝑠𝑖𝑡𝑦
+ 100% 

where, Particle Density = 2.56 g/cm3 

4) Texture 
The results of soil sample analysis obtained the 
percentage of dust, clay and sand.  

%clay = WSCL sand weight + Sand weight x 100 (%) 
%silt = WSCL silt weight + Sand weight x 100 (%) 

%sand = WSCL clay weight + Sand weight x 100 (%) 
WSCL = H1+0.3X(T1-1.98)2-0.5 
CW = H2+0.3X(T1-1.98)2-0.5 

Silt Weight = WSCL - CW 
where, WSCL = Weight of Sand Clay Silt, CW = Clay 

Weight, H1 and H2 = Suspension measurement with 
hydrometer, T1 and T2 = Suspension measurement 
with thermometer 

5) Soil Depth (SOL_Z) 
Soil depth is measured after excavation using a tape 
measure. 

6) Bulk Density (SOL_BD) 
Bulk density (BD) values were analysed by taking 

undisturbed soil samples. The soil samples were 
dried in an oven for 24 hours at 105°C, then weighed 
and the soil dry weight or soil volume weight was 

obtained. 

𝑆𝑜𝑖𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 𝑊𝑒𝑖𝑔ℎ𝑡 =  
𝐷𝑟𝑦 𝑆𝑜𝑖𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)

𝑆𝑜𝑖𝑙 𝑉𝑜𝑙𝑢𝑚𝑒 (𝑐𝑐)
 

where, Soil Volume=Ring Volume (𝜋r2 t) 

7) Permeability 

The disturbed soil sample was soaked overnight in a 
container. After soaking, the sample is then irrigated 
with water. The amount of volume that passes 

through the ring is the total volume of water that can 
be passed by the soil. 

𝑃𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  1 +
𝑥

 
1
4 𝜋𝑑2

; 𝑥 =
𝑉𝑜𝑙.  𝐸𝑎𝑐ℎ 𝐿𝑎𝑦𝑒𝑟

0,25
 

8) Organic matter (SOL_CBN) 
Organic matter levels were analysed using the 

titration method. The titration results are processed 
and then the organic matter content in the soil 

sample is obtained. 

𝐶% =  
(𝐵 − 𝑇)𝑋0,2𝑋3𝑋1,33

𝑆𝑜𝑖𝑙 𝑆𝑎𝑚𝑝𝑙𝑒 𝑊𝑒𝑖𝑔ℎ𝑡
100% 

9) Percentage of Clay (CLAY) 

%𝐶𝑙𝑎𝑦 =  
𝑆𝑎𝑛𝑑 𝑊𝑒𝑖𝑔ℎ𝑡

𝑊𝑆𝐶𝐿 + 𝑆𝑎𝑛𝑑 𝑊𝑒𝑖𝑔ℎ𝑡
× 100% 

where, Weight of Sand Clay Silt (WSCL) = 
(H1+0,3x(T1-19,8))/2 – 0,5 

10) Percentage of Silt (SILT) 

%𝑆𝑙𝑖𝑡 =  
𝑆𝑖𝑙𝑡 𝑊𝑒𝑖𝑔ℎ𝑡

𝑊𝑆𝐶𝐿 + 𝑆𝑎𝑛𝑑 𝑊𝑒𝑖𝑔ℎ𝑡
× 100% 

where, Dust Weight = WSCL - WC 

11) Percentage OF Sand (SAND) 

%𝑆𝑎𝑛𝑑 =  
𝐶𝑙𝑎𝑦 𝑊𝑒𝑖𝑔ℎ𝑡

𝑊𝑆𝐶𝐿 + 𝑆𝑎𝑛𝑑 𝑊𝑒𝑖𝑔ℎ𝑡
× 100% 

𝐶𝑙𝑎𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 =  
𝐻 + 0,3 𝑥 (𝑇2 − 19,8)

2
× 100% 

12) Soil Erodibility (USLE K) was estimated based on 
soil texture and organic matter content. 

13) Soil pH (SOL pH) was determined using the 
electrometric method 

• Slope Analysis 

The slope gradient was classified into five categories 
as shown in Table 2. 

 
Table 2. Slope Classes 

Class Slope (%) Description 

I 0–8 Flat 

II 8–15 Gentle 

III 15–25 Moderately steep 

IV 25–40 Steep 

V >40 Very steep 

Source: Ministry of Forestry Standard (2010) 

 
 
• Hydrological Modelling 

Hydrological Modeling Process Using the SWAT Model 
as follows: 

1) Watershed delineation, this process forms the 
boundaries or defines the watershed being 
modelled. The process includes set up DEM, 

stream and watershed definition. 
2) HRU analysis, a process that compiles land use, 

soil and slope maps to form or define Hydrologic 

Response Units (HRU) within the modelled 
watershed area. 

3) Climate database (Weather Generator Data) 
SWAT model is operated through the weather 
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data definition sub menu. At this stage the input 
of climate data (Weather Generator Data), 

rainfall, temperature, humidity, solar radiation, 
and wind speed. 

4) Build SWAT model input data based on input in 
stages 1 to 3 that will be formed automatically by 
selecting the Write All sub menu. 

5) SWAT Simulation is done by selecting the time to 
be simulated in Run SWAT mode. Saving the 
output data of simulation results is done by 

selecting Read SWAT Output. 
• Calculating River Water Discharge 

Calculation of discharge data is done using the SWAT 
model. SWAT will automatically simulate the amount 
of discharge value in accordance with the data that 

has been entered. The principle of SWAT calculation 
in determining the discharge value uses the Manning 
equation, namely (Neitsch, et al., 2005): 

𝑞𝑐ℎ =  
𝐴 ∙ 𝑅𝑐ℎ

2
3 ∙ 𝑠𝑙𝑝𝑐ℎ

2
3

𝑛
× 100% 

where, qch: Channel discharge (m3/s), Ach: Channel 
cross-sectional area (m2), Rch: Hydraulic radius of 

the channel (m), slpch : Slope along the channel 
(m/m), n : Manning's roughness coefficient. 
Calculation of RRC is done after the minimum and 

maximum discharge values are known. The KRS 
calculation is formulated with (Ministry of Forestry 
RI, 2010): 

𝐾𝑅𝑆 =  
𝑞𝑚𝑎𝑥

𝑞𝑚𝑖𝑛
 

 
Table 3. Classification of River Regime Coefficient 

(RRC) 

No. RRC Score Grade 

1 0 < KRS < 5 Very Good 

2 5 < KRS < 10 Good 

3 10 < KRS < 15 Medium 

4 15 < KRS < 20 Rather Bad 

5 >20 Bad 

Source: SK Dirjen RLPS No. P.04/V SET/2009 
 

• Method of Validating SWAT Model Results 
with Interview Results 

Validation of the SWAT model results in this study 

was conducted empirically through a triangulation 

approach between hydrological simulation outputs 
and field information obtained from semi-structured 

interviews with local communities and farmers in 
each HRU of the Minraleng Sub-Watershed. This 

approach aimed to evaluate the consistency between 
the hydrological conditions simulated by the model 
and the actual conditions experienced by the 

community. Interviews were conducted with farmers 
selected through purposive sampling based on their 
involvement in agricultural activities and utilization 

of water resources in the study area. Information 
collected from the interviews included changes in 

water availability, river discharge conditions during 
rainy and dry seasons, frequency of surface runoff 
and erosion, shifts in cropping patterns, and land-

use changes in 2023. The interview results were then 
descriptively compared with SWAT model outputs, 
particularly for parameters such as river discharge, 

water yield, and the River Regime Coefficient (RRC). 
Validation of the SWAT model results was further 

carried out empirically using an agreement-level 
approach between hydrological simulation outputs 
and community interview findings. Validation was 

calculated using the following equation: 

𝑉 =  
𝑁𝑠

𝑁
× 100% 

where V represents the validation agreement level 
(%), Ns is the number of respondents stating that 
field conditions were consistent with the model 

simulation results, and N is the total number of 
respondents. Validation was performed on 

hydrological parameters such as changes in river 
discharge, water availability, and drought conditions 
based on community perceptions in the Minraleng 

Sub-Watershed. A higher agreement value indicates 
that the SWAT simulation results more accurately 
represent actual hydrological conditions in the field. 

 
3. Result  

1) Biophysical Characteristics of the Minraleng 
Sub-Watershed 

The Minraleng Sub-Watershed contains primary soil 

combinations based on RePPProt data, such as 
Dystropepts, Dystrandepts, Tropaquepts, 
Haplorthox, Tropudults, Humitropepts, 

Tropohumults, Troperthents, Eutropepts, Paleudults, 
Rendolls, and Tropofluvents.  

 

 
Figure 2. Biophysical characteristics of the Minraleng Sub-Watershed: (a) land unit map, (b) slope map, (c) 

rainfall distribution map 

a b c 
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An overlay of the soil type map and slope map 

produced land units (Figure 2.a), which served as the 

basis for determining soil sampling points in the field. 

Most soils have a sandy clay texture, moderate 

porosity, slightly acidic pH (5.5–6.5), and relatively 

low organic matter content in open areas. The 

topography (Figure 2.b) is dominated by moderately 

steep slopes (33.15%), followed by gentle slopes 

(26.37%), flat areas (20.87%), steep slopes 

(19.09%), and very steep slopes (0.52%). The 

varied slope distribution, particularly in the upper 

catchment with steep to very steep terrain, 

contributes to high surface runoff potential and 

increased erosion risk. The average annual rainfall 

during 2018–2023 reached approximately 2,200 

mm/year (Figure 2.c). The high and relatively even 

rainfall reinforces the humid tropical characteristics 

of the region, increasing runoff potential when 

vegetation cover declines. 

2) Land Cover Change in the Minraleng Sub-

Watershed (2018–2023) 
Land use between 2018 and 2023 reflects dynamic 

agricultural activities and vegetation changes (Figure 
3). In 2018, mixed dryland agriculture dominated 
with 51.37%, followed by secondary forest 

(24.79%), shrubs (11.46%), and paddy fields 
(8.7%). By 2023, the proportion of secondary forest 
increased to 34.18%, while mixed dryland 

agriculture declined to 41.52%. The expansion of 
secondary forests indicates natural vegetation 

regeneration in areas previously used for dryland 
agriculture or shrubland. Meanwhile, shrub areas 
decreased, and paddy fields increased from 8.7% to 

13.66%, reflecting the conversion of dryland into 
irrigated agricultural land in areas with better water 
access. Settlement and plantation cover remained 

relatively stable at 0.36% and 2.1%, respectively. 
 

                 

 
Figure 3. Land Cover of The Minraleng Sub-Watershed: (a) 2018 Map, (b) 2023 Map, (c) Transformation of 

Land Cover Change From 2018 To 2023.

3) Changes in Water Yield and River Discharge 

The Soil and Water Assessment Tool (SWAT) model 
was simulated over a five-year period (2018–2023) 
using annual output data, including rainfall, 

evapotranspiration, surface runoff, and infiltration. In 
2018, total annual rainfall reached 2,045.4 mm, 
distributed into evapotranspiration (787.0 mm; 

38.47%), surface runoff (498.48 mm; 24.37%), and 

infiltration (759.72 mm; 36.52%), consisting of 

percolation to shallow aquifers (250.52 mm; 
12.24%) and lateral flow (496.72 mm; 24.28%) 
(Figure 4.a). In 2023, rainfall increased to 2,116.8 

mm/year with hydrological distribution comprising 
evapotranspiration (803.5 mm; 37.95%), surface 
runoff (535.30 mm; 25.28%), and infiltration 

(771.55 mm; 36.44%), consisting of percolation 

a b LU 2018 LU 2023 

c 
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(262.41 mm; 12.39%) and lateral flow (509.12 mm; 
24.05%). Between 2018 and 2023, the Minraleng 

Sub-Watershed (Figure 4) experienced increases in 

rainfall and surface runoff, indicating that streamflow 
was predominantly generated by short-term rainfall 

events. 
 

 
Figure 4. Simulation Results of Hydrological Conditions of Minraleng Sub Watershed, a. Year 2018, b. Year 

2023 (source: SWAT model analysis 2024) 
 

4) River Regime Coefficient (RRC) 

The calculation of the River Regime Coefficient (RRC) 

in eight sub-watersheds of the Minraleng Sub-

Watershed revealed high streamflow fluctuations 

between the rainy and dry seasons. In 2018, the 

highest RRC value was recorded in Sub-watershed 4 

at 29,050.63, while the lowest was found in Sub-

watershed 3 at 1,152.80. All sub-watersheds 1–4 

were classified as Bad due to the very large 

differences between maximum and minimum 

discharge. Maximum discharge in sub-watersheds 1–

4 ranged from 1.69–5.50 m³/s, whereas minimum 

discharge was only 0.0002–0.0019 m³/s. These 

conditions indicate that streamflow in the upstream–

midstream watershed areas experienced high 

fluctuations throughout the year. 

 

Table 4. Discharge and RRC Classes of the Minraleng Sub-watershed 

Note: Primary Data After Processing, 2024, SW= Sub Watershed, Max-D= Maximum Discharge, Min-D= 

Minimum Discharge, Av-D= Average Discharge, RRC= River Regime Coefficient 

 

In 2023, RRC values in Sub-watersheds 1–4 

increased compared to 2018. The highest value was 

again found in Sub-watershed 4 at 250,814.58, while 

the lowest was in Sub-watershed 3 at 1,691.02. The 

increase in RRC values occurred alongside higher 

maximum discharge across all sub-watersheds, while 

minimum discharge declined to nearly zero. Total 

maximum discharge rose from 112.35 m³/s in 2018 

to 133.84 m³/s in 2023, whereas total minimum 

discharge decreased from 0.0153 m³/s to 0.0031 

m³/s. 

In Sub-watersheds 5–8, RRC values could not be 

calculated (undefined) because minimum discharge 

was 0.0000 m³/s, resulting in division by zero in the 

RRC equation. Consequently, RRC values in these 

sub-watersheds were not classified. The zero 

minimum discharge indicates that several small 

streams in the study area experienced intermittent 

flow, particularly during dry periods, when 

streamflow only occurred after rainfall events and 

ceased during the dry season. Overall, the results 

show that the upstream–midstream areas of the 

SW 

Tahun 2018 Tahun 2023 

Max-D Min-D Av-D RRC 
RRC 

Grade 
Max-D Min-D Av-D RRC 

RRC 

Grade 

1 1,97 0,0017 0,55 1.193,94 Bad 2,40 0,0010 0,58 2.316,35 Bad 

2 3,86 0,0019 1,06 2.053,72 Bad 4,62 0,0009 1,12 4.939,68 Bad 

3 1,69 0,0015 0,47 1.152,80 Bad 2,01 0,0012 0,50 1.691,02 Bad 

4 5,50 0,0002 1,50 29.050,63 Bad 6,47 0,0000 1,58 250.814,58 Bad 

5 11,97 0,0000 3,24 ~ eror 14,23 0,0000 3,41 ~ eror 

6 19,38 0,0000 5,27 ~ eror 32,73 0,0000 7,93 ~ eror 

7 27,34 0,0000 7,53 ~ eror 22,95 0,0000 5,55 ~ eror 

8 40,63 0,0000 11,18 ~ eror 48,41 0,0000 11,77 ~ eror 

Total 112,35 0,0153 30,82   133,84 0,0031 32,44   

Water Balance Process 2018 Water Balance Process 2023 
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Minraleng sub-watershed exhibited higher discharge 

fluctuations compared to other areas, as reflected in 

high RRC values and low annual minimum discharge 

5) Social historical-based validation 

Validation based on community recall indicated that 

the SWAT model simulation results were consistent 

with hydrological conditions perceived by local 

communities in the Minraleng Sub-Watershed in 

2023. Communities in Sub-watersheds 1–4 reported 

that river discharge increased during the rainy 

season but declined more rapidly in the dry season. 

This condition aligns with SWAT simulations showing 

higher maximum discharge and lower minimum 

discharge in these areas. In Sub-watershed 4, 

respondents noted that several small streams often 

dried up during the dry season, consistent with 

simulation results showing minimum discharge 

approaching zero. 

 

Table 5. Validation of SWAT Model Simulation Results with Community Interviews in the Minraleng Sub-

watershed (2023) 

Sub-

watershed 

Max-D 

(m³/s) 

Min-D 

(m³/s) 
Community Interview Results Validation 

1 2.40 0.0010 
River discharge increases during rainfall and 

decreases rapidly in the dry season 
Consistent 

2 4.62 0.0009 Surface runoff increases during heavy rainfall Consistent 

3 2.01 0.0012 
River discharge changes significantly between 
rainy and dry seasons 

Consistent 

4 6.47 0.0000 Small streams often dry up during the dry season Consistent 

5 14.23 0.0000 Streamflow only appears after rainfall Consistent 

6 32.73 0.0000 
Rivers do not flow permanently during the dry 

season 
Consistent 

7 22.95 0.0000 
Discharge increases immediately after rainfall but 
dries quickly 

Consistent 

8 48.41 0.0000 
Small upstream streams stop flowing during the 
dry season 

Consistent 

In Sub-Watersheds 5–8, most respondents stated 

that small streams only appeared a few days after 

rainfall and ceased flowing within 3 to 5 days. This 

observation corresponds with SWAT simulations 

showing minimum discharge values of 0.0000 m³/s 

in several sub-watersheds. Additionally, communities 

observed increased surface runoff and stronger 

streamflow during heavy rainfall compared to 

previous years. Overall, validation based on 

community recall demonstrated that the SWAT 

model successfully represented streamflow variation 

and hydrological characteristics of the Minraleng 

Sub-Watershed in accordance with field conditions 

 

4. Discussion 
The SWAT simulation results showed that land-use 

changes in the Minraleng Sub-Watershed during the 
2018–2023 period affected water yield dynamics and 
watershed hydrological response. The increase in 

rainfall from 2,045.40 mm to 2,116.80 mm was 
accompanied by a rise in surface runoff from 498.48 

mm (24.37%) to 535.30 mm (25.28%) and an 
increase in maximum discharge from 112.35 m³/s to 
133.84 m³/s. Conversely, minimum discharge 

decreased from 0.0153 m³/s to 0.0031 m³/s. These 
conditions indicate that the increase in water yield 
was predominantly driven by quick flow rather than 

baseflow. The higher rainfall in 2023 contributed 
more to surface runoff than to infiltration. The 

simulation results suggest that the watershed 
responded more rapidly to rainfall, as reflected in 

increased surface runoff and reduced land cover 

capacity to retain quick flow. 
Changes in water yield in the Minraleng Sub-
Watershed were closely related to land-use dynamics 

during the observation period. A decline in mixed 
dryland agriculture by 9.85%, accompanied by an 
increase in secondary dryland forest by 9.39%, 

contributed to vegetation cover expansion that 
supports watershed hydrological functions, 

particularly in maintaining infiltration capacity and 
reducing surface flow. However, the expansion of 
paddy fields by 4.98% also influenced hydrological 

response, as indicated by a 7.39% increase in 
surface runoff. Although secondary forest cover 
expanded, runoff contributions from paddy fields 

remained substantial, resulting in increased surface 
runoff at the sub-watershed scale. Moreover, 

secondary dryland forest and mixed dryland 
agriculture with shrubs are known to have relatively 
similar surface runoff indices (Amiruddin, 2025), so 

changes in the proportion of these land uses did not 
significantly reduce surface runoff. 

The key finding of this study is that the expansion of 
paddy fields coincided with increased surface runoff. 
In fact, the crop management and land conservation 

factor (CP) in the USLE for paddy fields is generally 
lower than that of bare land but higher than that of 
forest (Budi et al., 2025). the USLE method does not 

differentiate between paddy field types, such as 
rainfed and irrigated systems, nor does it account for 

inundation conditions during land preparation, 
planting, vegetative, and generative phases 
(Suprihati et al., 2018). Similar limitations are found 

in the standard SWAT simulation, which has not yet 
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been able to represent the specific hydrological 
processes of paddy fields in detail (W. Gassman et 

al., 2022). Consequently, the relationship between 
paddy field expansion and watershed hydrological 

response may not be accurately captured. This is 
evidenced by the development of SWAT-Paddy 
(Tsuchiya et al., 2018), which produced significantly 

better daily discharge simulation performance (R² = 
0.80) compared to the standard SWAT (R² = 0.002). 
These findings highlight that water management 

characteristics in paddy fields—such as inundation, 
irrigation, drainage, and water storage capacity 

within plots—are critical factors that must be 
integrated into hydrological analysis. Therefore, the 
increase in surface runoff identified in this study may 

not fully reflect actual hydrological conditions but 
rather be influenced by limitations in the 
representation of paddy fields within the modeling 

method used. Accordingly, further development or 
application of hydrological models that explicitly 

accommodate paddy water management dynamics is 
required to produce more realistic estimates of runoff 
and river discharge, particularly in watersheds 

dominated by paddy land use. 
 
5. Conclusion 

Land-cover changes in the Minraleng Sub-Watershed 
during the 2018–2023 period Were characterized by 

a decline in mixed dryland agriculture from 51.37% 
to 41.52% and an increase in secondary dryland 
forest from 24.79% to 34.18%. The extent of paddy 

fields also expanded from 8.70% to 13.66%. These 
changes, together with an annual rainfall increase of 

71.40 mm (from 2,045.40 mm to 2,116.80 mm), 
influenced watershed hydrological response, as 
indicated by a rise in surface runoff of 7.39%, mean 

discharge of 5.26%, and maximum discharge of 
19.13%. Conversely, minimum discharge decreased 
by 79.74%, reflecting a reduced capacity of the 

watershed to sustain baseflow during the dry season. 
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