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ABSTRACT

The decline in water yield in the Maros watershed, which is located in the Mamminasata national strategic area, is
influenced by land cover changes that occur in response to development in the watershed. The aims of this study
are (1) to project future land cover changes (2032) via the CA-ANN approach and (2) to analyze the effects of these
land cover changes on water yield via the SWAT model. In the SWAT simulation, the land cover map of 2023 and
the projection map of 2032 were used as scenarios. SWAT-CUP was also used to validate the SWAT model. River
Batubassi and River Lekopancing had R2 values of 0.7257 and 0.7802, respectively, indicating that the model
worked well. The land cover change projections showed a decrease of 208.55 hectares of secondary forest and
a decrease of 104.99 hectares of secondary mangrove forest, respectively. Additionally, the areas of settlements,
fish ponds, paddy fields, and agriculture/crop land increased by 87.19 hectares, 95,79 hectares, 86.59 hectares, and
94.38 hectares, respectively. The SWAT simulation revealed that the water yield decreased from 31.09 billion m?
in 2023 to 21.65 billion m? in 2032. A decrease in annual rainfall and a decrease in vegetated land area triggered
a decrease in water yield.

Keywords: Maros watershed, land cover change, 2032 projection, water yield, SWAT, MOLUSCE, CA-ANN.

INTRODUCTION

The amount of water flowing in a watershed
from surface flow, lateral flow, and groundwater
flow after water losses such as evaporation and
water use by vegetation are subtracted is defined
as the water yield (Neitsch et al., 2011). Water
yield determines water availability in a water-
shed and is affected by land cover because land
cover affects hydrological processes, including
infiltration, evapotranspiration, and surface lat-
eral processes (Tian et al., 2022). Vegetated land
cover, such as forests, has the ability to support
increased infiltration and longer water storage,
thereby supporting sustainable water availability
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(Truong et al., 2022). Conversely, nonvegetation
or degraded land cover tends to support increased
surface runoff and a decrease in the watershed’s
ability to maintain water yield (Thakur et al.,
2017) (Ridwansyah et al., 2018).

In the Mamminasata (Makassar, Maros,
Sungguminasa, and Takalar) national strategic
area, the Maros watershed plays an essential
role in driving regional growth. This watershed
is expected to support regional development ac-
tivities, especially in providing a sufficient water
supply. However, this watershed faces ecological
problems in the form of land cover changes from
vegetation to nonvegetation. Historical data show
that deforestation of 1,105.72 hectares occurred
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in this watershed between 1990 and 2020, as list-
ed in Table 1 (Badwi et al., 2023).

Another problem that occurs in the Maros wa-
tershed is the intensification of agriculture, which
does not consider the conservation of soil and wa-
ter. This triggers the erosion of soil, which in turn
leads to the occurrence of critical land at a rate
0f 372.94 hectares/year (Imran and Djafar, 2020).
In addition, the urbanization that has occurred in
the Maros watershed has also pressured the qual-
ity and quantity of water resources. The increase
in the area of settlements in this watershed has
increased the peak discharge of the river by 6—10
times compared with previous conditions and has
caused a decrease in water quality, especially the
BOD parameter (Syafti et al., 2020). In general,
land cover changes from vegetation to non-vege-
tation disrupt the hydrological conditions of wa-
tersheds, which in turn can cause problems such
as drought during the dry season and flooding
during the rainy season. (Pahar et al., 2021).

Several studies related to land cover changes
that have been conducted in the Maros Water-
shed, namely research conducted by (Latief et
al., 2021) which looked at the effect of land cover
changes on flooding in the Maros Watershed us-
ing the overlay mapping method and simple lin-
ear regression; (Nurhidayat, 2022) who looked
at the effect of land cover changes on peak river
discharge in the Tanralili sub-watershed (one of
the sub-watersheds in the Maros Watershed) using
the hydrograph method; (Sari, 2022) who looked
at the level of erosion using the SWAT model in
the Tanralili Sub-watershed (one of the sub-water-
sheds in the Maros Watershed), these study did not
use predictive spatial modeling to predict future
land cover changes in the Maros Watershed and
did not discuss future water yields under changing
land cover conditions. (Barkey and Nursaputra,

2019) conducted research who used SWAT to as-
sess changes in forest conditions and their impact
on water availability, but this study has not pre-
dicted future water availability with future land
cover change scenarios; (Nurmiaty and Baja,
2013) who analyzed future land cover changes
in the Maros Watershed using Cellular Automata
and Markov Chain, but this study did not discuss
the impact of future land cover changes on wa-
ter yields. Research that has been conducted in
the Maros Watershed still focuses on the impact
of land cover changes on hydrological processes,
flooding, erosion, and water availability using
historical or current data but has not used projec-
tions of future land cover changes. This is what
prompted us to conduct research to model future
land cover changes and how they will affect future
water quantities in the Maros watershed.

In order to address these gaps, predictive
tools such as the Cellular Automata-Artificial
Neural Network (CA-ANN) model can be used
for predicting land cover changes. It can simulate
spatial patterns of future land cover changes us-
ing historical data on previous land cover chang-
es and the factors that influence those changes
(Lukas et al., 2023). Similarly, the Soil and Water
Assesment Tool (SWAT) model can be used to
examine the impact of land cover change on wa-
ter yield. Several studies have demonstrated that
the model can simulate processes of hydrology
in watersheds both spatially and temporally, as
demonstrated in South Africa (Smit et al., 2024),
Canada (Islam et al., 2024), and Indonesia (Wi-
woho et al., 2021). As a hydrological model,
SWAT can also function effectively, as demon-
strated by the validation of the SWAT model,
which shows good performance as seen through
the statistical parameter of the coefficient of de-
termination (R2) (Wiwoho et al., 2021).

Table 1. Forest conversion in the Maros Watershed, 1990-2020

Initial land cover Final land cover Area (Ha)
Forest Former Logging Area 19.34
Forest Scrubland 129.13
Forest Settlements/Built-up Areas 28.93
Forest Savannah/Grassland 31.10
Forest Water Bodies 0.40
Forest Mixed Gardens 609.32
Forest Rice Fields 239.68
Forest Open Land 47.82
Total 1,105.72
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On the basis of this background, the aims
of this study are (1) to project future land cover
changes in the Maros watershed via the CA-ANN
model approach and (2) to analyze the effects of
land cover changes on water yield via the SWAT
model. By identifying specific relationships be-
tween predicted land cover transitions and water
yield under the influence of climatic conditions,
this study aims to make a scientific contribution.
We hypothesize that, couple with declining rain-
fall, the ongoing conversion of vegetated land
cover to non-vegetated land cover will signifi-
cantly reduce water production and increase the
risk of water scarcity in the Maros watershed.

MATERIALS AND METHODS

Research location

This study was conducted in the Maros water-
shed, which is part of the Mamminasata national
strategic area. Administratively, the Maros wa-
tershed, which covers an area of 72348.95 hect-
ares, encompasses four districts/cities in South
Sulawesi Province. Maros Regency covers nearly
92% of the watershed area, whereas Gowa Re-
gency, Bone Regency, and Makassar city cover
the remainder of the watershed area. Table 2
shows the area of the Maros watershed based on
administrative regions.

Geographically, the Maros watershed is locat-
ed at coordinates 119°55°45.79” — 119°27°56.85”
East Longitude and 5°8°3.45” — 5°1°33.45” South
Latitude. The existence of this watershed is essen-
tial for supporting the development of the Mam-
minasata region because it is expected to provide
water resources for development, including do-
mestic, agricultural, and industrial needs.

Owing to its topography, the Maros water-
shed has various landforms because it is located
in a transition zone between mountainous and
lowland areas. These conditions affect land cover
patterns and hydrological conditions in the Ma-
ros watershed. The average annual rainfall in this

region reaches 2408.00 mm. This indicates that
the climate in this region has high rainfall (Endar-
win et al., 2013).

Based on soil classification up to the Great
Group level, the Maros watershed has 12 soil type
combinations, as shown in Figure 1. This indicates
that the level of soil diversity in this watershed
is quite high. The most dominant soil groups in
this watershed are the Tropaquepst, Fluvaquents,
and Ustropepts groups, which cover 30.25% of
the watershed area. This level of soil diversity re-
flects the complex physical characteristics of the
watershed, which affect the processes of hydrol-
ogy in the Maros watershed. Figure 2 shows the
location where this research was conducted.

Analysis of projected land cover change

To assess the hydrological impacts of land
cover change in the Maros Watershed (DAS), we
first conducted a comprehensive analysis of the
projected land cover change. Next, we evaluated
current and future water production because land
cover change significantly affects hydrological
processes such as infiltration, evapotranspiration,
and surface runoff. All of these processes collec-
tively affect water production (Dutra et al., 2022).
We used the Cellular Automata-Artificial Neu-
ral Network (CA-ANN) model integrated in the
MOLUSCE plugin in QGIS to simulate the spatial
pattern of land cover transition using historical
land cover data and drivers of change. This pro-
vides a reliable framework for predicting future
land use scenarios (Muhammad et al., 2022). The
following steps illustrate the systematic approach
taken to analyze projected land cover changes.

Land cover data collection and processing

For this study, land cover maps from 2014,
2019, and 2023 were used as the foundation for this
analysis. These three maps were produced through
image interpretation and classification. The 2014,
2019, and 2023 images were downloaded from
Landsat 8 OLI satellite imagery on June 25, 2024

Table 2. Area of the Maros watershed based on administrative regions

No Regency/City Area (ha) Percentage (%)
1 Maros 66,400.84 91.779
2 Gowa 5,941.44 8.212
3 Bone 4.64 0.006
4 Makassar 2.04 0.003
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via https://earthexplorer.usgs.gov/. A false color
composite was then created by combining band
6 (SWIR1), band 5 (NIR), and band 4 (Red) for
land cover classification. This band combination
enables clearer differentiation between objects on
the Earth’s surface, as it provides better contrast
between objects such as vegetation, settlements,
and water bodies compared to their natural color
appearance. The images were then classified via
guidelines based on the technical guidelines issued
by the Indonesian Ministry of Environment and
Forestry. The classification results were then vali-
dated via a confusion matrix with overall accuracy
and kappa coefficient indicators. These three maps
were then converted to raster format with a 30-me-
ter resolution for further analysis in Molusce.

Identification and preparation of land change
drivers

To model land cover changes, six main fac-
tors were identified based on their influence on
land use dynamics in the DAS: elevation, slope,
distance from roads, distance from rivers, distance
from forest, and distance from settlements. These
factors describe the spatial relationship between
land cover transitions and environmental and an-
thropogenic factors (Abbas et al., 2021). Elevation
and slope data were taken from a digital elevation
model (DEM) with a resolution of 30 meters. Dis-
tance-based factors namely distance from roads,
rivers, forests, and settlements were calculated
using the Euclidean distance function in QGIS,
based on vector data for roads, rivers, forest
boundaries, and settlement locations sourced from
regional topographic maps and land use plans. All
driver datasets were converted to a 30-meter reso-
lution raster format, aligned with the land cover
map, and normalized to enable compatibility with
the CA-ANN model. This preprocessing step en-
abled that the drivers accurately represent the spa-
tial pressures affecting land cover change.

Land cover change modeling in MOLUSCE

The CA-ANN model was trained and verified
with the MOLUSCE plugin in QGIS to simulate
land cover changes. As a basis for model train-
ing, land cover change modeling was conducted
by inputting the land cover map for 2014 as the
initial map, the land cover map for 2019 as the
final map, and the drivers of land cover change.
Subsequently, ANN model training was conduct-
ed to construct the 2014-2019 land cover change
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model. The Artificial Neural Network (ANN) was
trained for 1,000 iterations with a learning rate
of 0.01 and a momentum of 0.9 to establish the
spatial-statistical relationship between land cover
change and its driving factors. The ANN model
describes the spatial-statistical relationship be-
tween the land change that occurred and the land
change drivers used. After the ANN model was
formed, it was simulated via the CA approach
until 2023, resulting in a simulated 2023 land
cover map. The CA approach simulates land cell
changes by considering the conditions of neigh-
boring cells (Amgoth et al., 2023). To evaluate
the suitability level, the simulated land cover map
of 2023 was compared with the land cover map
of 2023, which was generated from image inter-
pretation. For the model to be used in subsequent
analyses, it was verified via the kappa coefficient,
a statistical measure that compares the predicted
results with the actual reference data (Anggari et
al., 2023). The validated CA-ANN model is then
utilized to project future land cover changes (by
2032). Assumes continuation in observed driving
factors and transition trends.

SWAT model analysis (soil and water
assessment tool)

The analysis of available water in the Maros
watershed was conducted utilizing the SWAT hy-
drological model approach because water yield is
one of the outputs produced by the SWAT model.
SWAT is one of the hydrological models that can
be utilized to check the effects of interactions be-
tween land cover, slope, soil characteristics, and
climate on water flow, water quality, erosion, and
sedimentation in a watershed (Smit et al., 2024).
Water yield in SWAT is defined as the total vol-
ume of water available on the surface and flowing
toward the watershed outlet, which is the accu-
mulation of surface flow, lateral flow, and base-
flow minus water loss and abstraction from ponds
and reservoirs (Neitsch et al., 2011). The equation
used to calculate water yield is as follows:

WYLD = Qsurf + Qlat + Qgw —
— tloss — pond abstractions (D)

where: Qsurf— surface flow (mm), Qlat — lateral
flow (mm), Ogw — ground flow (mm),
tloss — water loss to the aquifer (mm),
pond abstraction — the amount of water
lost due to artificial water storage such as
ponds or reservoirs.
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temperatures, humidity, wind speed and solar
radiation (Aznarez et al., 2021). Through the
website https://power.larc.nasa.gov/, the data
were downloaded on October 30, 2024. Before

Data and modeling stages

To run SWAT, four data are used:
e DEM (digital elevation model) data — this

study used the 30 m resolution ASTER DEM,
which was downloaded on October 30, 2024.
DEM is a digital representation of the Earth’s
surface elevation in raster or grid form. DEM
data in the SWAT model is stored in raster for-
mat and UTM projection. Before using DEM
as SWAT input, a basin filling process must be
carried out to prevent discontinuities. DEM is
used to form river networks, determine wa-
tershed boundaries, and calculate topographic
parameters such as flow direction, slope gradi-
ent, and slope length (Tran et al., 2023).

land cover data — this study uses the 2023 land
cover map and the 2032 land cover projec-
tion. The 2023 land cover map was retrieved
through image interpretation and classifica-
tion, and the 2032 land cover projection map
was retrieved through the CA-ANN approach
based on previous land cover change data
via Mollusca. In SWAT, the land cover map
was created via raster format and UTM pro-
jection. Before the land cover map is used as
the SWAT input, the land cover class names
owned by the SWAT must be adjusted.

soil data — the soil data used was obtained from
a 1:250,000 scale Repprot landsystem map.
The data was then detailed through soil sam-
pling in the field based on the formed land units
(Busico et al., 2020). To determine the physi-
cal and chemical properties of the soil that in-
fluence the process of hydrology, the soil data
was tested in a laboratory. The following are
the physical and chemical soil properties used
in this study: soil crack volume (SOL_CRK);
available water capacity (SOL_AWC); satu-
rated hydraulic conductivity (SOL K); soil
albedo (SOL_ALB); texture (TEXTURE); soil
depth (SOL_Z); bulk density (SOL_BD); per-
meability (SOL_KSat); organic carbon content
(SOL_CBN); clay percentage (CLAY); silt
percentage (SILT); sand percentage (SAND);
soil erodibility (USEL K); pH (SOL_PH). The
soil map used as input for SWAT uses a raster
format and UTM projection. The soil data to be
used as input for SWAT must be adjusted to the
SWAT format.

climate data — the climate data used come
from NASA’s MERRA-II satellite. The data
include precipitation, maximum and minimum

the climate data are downloaded, we need to
determine the climate station that represents the
climate conditions in the Maros watershed area.
Here, the CSIRO model climate station is used.

The model is run via a SWAT extension in Ar-

cGIS called ArcSWAT with the following stages:
a) delineation of the watershed boundary — the first

step is delineation, which means that the wa-
tershed is divided into smaller units called sub-
watersheds. Through the watershed delineation
module, this process is carried out automatical-
ly via DEM data, which are used to determine
the direction of water flow, the river network,
watershed outlets, and the division of subwater-
sheds (Femeena et al., 2022). Technically, the
delineation process is carried out through four
stages: (1) inputting DEM data into ArcSWAT;
SWAT calculates the slope and fill depressions;
(2) determining the flow direction and accumu-
lation; the system automatically calculates the
flow direction and accumulation; (3) determin-
ing watershed outlets; here, the system creates
watershed outlets via the automatic watershed
outlet selection module; and (4) defining the
river network: the system creates a river net-
work on the basis of the threshold area; the
larger the threshold area value is, the fewer riv-
er networks and subwatersheds will be formed.
(5) Delineation results: Here, we can see the re-
sults of the delineation process, which consists
of watershed boundaries, subwatersheds, river
networks, and outlet points.

b) formation of the HRU (hydrologic response

unit) — after the subwatershed is formed, the
subwatershed is then divided into smaller units
called HRUs. A combination of land cover, soil
type, and slope class is called an HRU. HRU is
considered hydrologically homogeneous. This
HRU is the basis for calculating physical pro-
cesses such as the surface flow rate, infiltration,
erosion and sedimentation, evapotranspiration,
and nutrient transport (Zare et al., 2022). Tech-
nically, the HRU formation process is carried
out through stages (1) by entering a map of
land cover, a map of the soil type, and a map
of the slope class in the HRU analysis menu in
ArcSWAT; (2) by reclassifying and setting up
data, at this stage, the land classification code
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that we have is connected to the SWAT code,
the SWAT soil database is used, and the slope
class interval is determined; (4) by overlaying
a map of land cover, a map of the soil type,
and a map of the slope class, here, we need to
determine the threshold to remove very small
combinations; and (5) by forming HRUs via
the create HRU menu, the SWAT model gener-
ates a list of HRUs in each subwatershed, an
attribute table related to HRUs.

c) climate data processing — climate data are
important data in hydrological process simu-
lations because these climate data affect pro-
cesses of hydrology, namely, evapotranspira-
tion, surface flow, infiltration, soil moisture,
and runoff (Dahal et al., 2020). Technically,
climate data processing is carried out through
the following stages: (1) Climate data are col-
lected; here, we download climate data from
the official USGS website. There are 6 climate
parameters that we downloaded, namely, pre-
cipitation, maximum temperature, minimum
temperature, humidity, wind speed, and solar
radiation. (2) Compile master data for each cli-
mate parameter with the formats pcp.txt, tmp.
txt, hmd.txt, wnd.txt, and slr.txt according to
station (3), and enter the climate data into Arc-
SWAT via the weather data definition menu.

d) SWAT model simulation — SWAT simulation
is carried out after the process of delineating
subwatershed boundaries, forming HRUs, and
processing climate data is carried out. Through
SWAT simulation, we can calculate water bal-
ance components such as surface flow, base
flow, sedimentation, and evapotranspiration.
Technically, the SWAT simulation process is
carried out through stages (1) setting up the
project and entering the input; here, we must
ensure that the watershed delineation has been
carried out, the HRU has been formed, and daily
climate data have been installed. Next, we enter
the SWAT simulation module and select the edit
SWAT input (2) set the simulation parameters in
the SWAT simulation setup menu. At this stage,
we can set the simulation period parameter for
the time range, select daily/monthly/annual
time steps, use daily data for weather input, and
select daily/monthly/annually internal outputs.
(3) Run the simulation; here, we select the write
input table menu and then select the Run SWAT
simulation menu. (4) See the simulation results;
here, we can open the SWAT output menu and
determine the SWAT output. In this study, we
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simulated two land cover scenarios to deter-
mine the impact of land cover changes on the
water yield in the Maros watershed. We do this
via the 2023 land cover map and the 2032 pro-
jected land cover map.

RESULTS AND DISCUSSION

Land cover classification

On June 25, 2024, Landsat 8 Operational Land
Imager (OLI) satellite imagery was obtained from
the USGS EarthExplorer platform (https://earth-
explorer.usgs.gov/) and used for the interpretation
and classification of land cover maps for 2014,
2019, and 2023. False color composition (Bands
6-SWIRI, 5-NIR, 4-Red) was used to clearly dif-
ferentiate 13 land cover classes: airport area, sec-
ondary forest, secondary mangrove forest, plan-
tation forest, settlement, agricultural land/food
crops, mixed agriculture/agroforestry, grassland,
rice field area, shrubland, fish pond, open area, and
water. The Indonesian Ministry of Environment
and Forestry guidelines were used as the basis for
classification, with training samples obtained from
field surveys and high-resolution imagery. High
accuracy was achieved through confusion matrix
validation. The overall coefficient and kappa are
0.99 and 0.98 (2014), 0.99 and 0.98 (2019), and
0.98 and 0.97 (2023), indicating a “very good”
classification value because the kappa is above
0.80 (Anggari et al., 2023). This metric indicates
that the land cover map is reliable for further mod-
eling. Figure 3 shows the spatial distribution of
land cover classes for 2014, 2019, 2023, and the
2032 projection map. Showing transitions such as
forest loss and settlement expansion.

Modeling of land cover change

To predict land cover change until 2032, the
CA-ANN model was used with the MOLUSCE
plugin in QGIS. The model was trained using the
2014 land cover map (initial state) and the 2019
map (final state), as well as six driving factors:
slope, elevation, distance from roads, rivers, for-
est area, and settlements. The impact of driving
factors on land cover change from 2014 to 2019
was measured by Pearson correlation analysis,
which can be seen in Table 3.

From Table 3, it is known that the distance
from roads (r = 0.681 with settlements) and the
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Table 3. Coefficient of Pearson correlation for drivers of land cover change (2014-2019)

Driving factors Elevation Distance from | Distance from Distar_me from | Distance from Slope
forest area settlement river road

Elevation - -0.411 0.511 -0.249 0.547 0.550
Distance from forest area - -0.445 0.553 -0.380 -0.480
Distance from settlement - -0.218 0.681 0.466
Distance from river - -0.197 -0.319
Distance from road -- 0.441
Slope --

distance from settlements (r = 0.511 with el-
evation) are the most significant factors in the
analysis, showing the impact of urbanization
and accessibility on land cover change. In order
to replicate spatial changes, an artificial neural
network (ANN) was configured with two hidden
layers (each consisting of 100 neurons), trained
for 1,000 iterations (learning rate 0.01, momen-
tum 0.9), and connected to a CA. Simulated land
cover maps for 2023 and actual maps for 2023
were compared to validate the model. The mod-
el’s kappa coefficient of 0.85 shows “very good”
accuracy (Anggari et al., 2023). Through three
five-year cycles, the verified model was used to
predict land cover up to 2032.

Projections of land cover in 2032

The result of land cover projections for 2032
show significant shifts in land cover, driven by an-
thropogenic pressures. Table 4 assesses changes

Table 4. Land cover changes 2023-2032

between 2023 and 2032, showing a reduction in
natural vegetation cover and an expansion in de-
veloped land use. From Table 4, it is known that
the tendency of land utilized for anthropogenic
purposes has increased, especially for the pur-
poses of settlements (+87.19 hectares, +2.29%),
fish ponds (+95.79 hectares, +1.67%), and paddy
area (+86.59 hectares, 0.62%). Moreover, natu-
ral land cover shows a notable decline such as in
secondary forests (-208.55 hectares, 0.83%) and
secondary mangroves forest (-104.99 hectares,
36.79%). This change shows that development
increases pressure on the natural ecosystems of
the watershed, and has the potential to increase
surface runoff and soil infiltration capacity and
reduce groundwater availability. As a result, the
water supply between the rainy and dry seasons
is increasingly imbalanced, increasing the risk of
drought. Figure 3 illustrates this transition, show-
ing the spatial contraction of forest areas and the
expansion of settlements along the road network.

No Land cover Area (ha) Change
2023 2032 Area (ha) %
1 Airport area 380.12 382.79 -2.67 0.70
2 Secondary forest 25,223.95 25,015.40 -208.55 0.83
3 Secondary mangrove forest 285.59 180.6 -104.99 36.76
4 Planted forest 1,985.24 2,011.00 25.76 1.30
5 Settlement 3,811.65 3,898.84 87.19 2.29
6 Agricultural/crop land 9,595.94 9,690.32 94.38 0.98
7 Mixed agricultural/agroforestry 8,179.10 8,147.61 -31.49 0.39
8 Grassland 529.15 461.62 -67.53 12.76
9 Paddy area 14,007.22 14,093.81 86.59 0.62
10 Shrubland 1,321.55 1,317.02 -4.53 0.34
1 Fish pond 5,723.20 5,818.99 95.79 1.67
12 Open area 539.43 526.04 -13.39 248
13 Water 766.81 804.91 38.1 4.97
Luas total DAS 72,348.95 72,348.95
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Figure 3. Land cover maps for 2014, 2019, 2023, and 2032

Results of SWAT model analysis in the Maros
watershed

Delineation of subwatershed boundaries

DEM data with a resolution of 30 m was used
to delineate the watershed.In this study, The de-
lineation process conducted in ArcSWAT, gener-
ated 48 subwatersheds with a minimum threshold
area of 10 hectares to ensure that the entire river
network in the Maros watershed is represented
in the model. Subwatershed with the largest area
is subwatershed 22 reaching 3,822.95 hectares
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(about 5.28% of the total watershed area). While
the subwatershed with the smallest area is subwa-
tershed 28 covering 3.44 hectares (about 0.005%
of the total watershed area). The Multiple Slope
Classification method is also used to automati-
cally create the slope class map using DEM data.
Slope classes were categorized as 0-8% flat;
8-15% gentle; 15-25% slightly steep; 25-45%
steep; > 45% very steep (Amin et al., 2021). Fig-
ure 4 illustrates the distribution of slope class,
showing topographic variability effecting hidro-
logical processes.
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Figure 4. Slope class map of Maros watershed

Establishment of the HRU

Slope maps, soil type maps (derived from re-
gional soil surveys), and land cover maps from
2023 and 2032 are combined to establish HRUs.
The “Edit SWAT Input” component of the SWAT
database was used to enter physical and chemical
characteristics of the soil, such as texture and hy-
draulic conductivity. To facilitate geographically
detailed hydrological simulations, this method
generated 3.278 HRUSs, each representing a
unique combination of land cover, soil type, and
slope characteristics.

Climate data processing

Climate data for the last ten years (2014—
2023) were downloaded from NASA’s POWER
ascendancy="1" href="https://power.nasa.gov/

data-access-viewer/”>POWER Data Access
Viewer. The data are daily data, including rain-
fall (PRECIP), maximum temperature (T2M
MAX), minimum temperature (T2M_MIN), rel-
ative humidity (RH2M), wind speed (WS2M),
and shortwave radiation (TOA_SW_DWN)
data. In order to reflect the spatial climate vari-
ability throughout the watershed, the data were
processed for 14 virtual station locations that
were obtained from the CSIRO climate model
(Figure 5). These data were formatted for SWAT
input, enabling accurate simulation of climate-
driven hydrological processes.

Model simulation and calibration

After delineating the watershed boundaries,
establishing HRUs, and processing climate data,
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Figure 5. Rainfall station point of Maros watershed

we run the SWAT model simulation through the
RUN SWAT menu. After the simulation process
is complete, we can obtain SWAT output, one of
which is the water yield. The SWAT model simu-
lates water yield under two conditions, namely,
existing conditions using the 2023 land cover
map and projection conditions using the 2032
land cover projection map. The simulations were
carried out after the model was previously cali-
brated and validated. To calibrate and validate
the model, we use SWAT-CUP with an automatic
optimization algorithm (SUFI-2). There are two
rivers whose data are used as observation dis-
charges, namely, the Batubassi and Lekopancing
rivers, and river discharge data were obtained
from the Pompengan Jeneberang River Basin.
Furthermore, for calibration and validation, simu-
lated and observed discharges are compared. The
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results revealed that the coefficient of determina-
tion (R?) for the Batubassi River was 0.7257 and
that for the Lekopancing River was 0.7802. These
values indicate adequate model performance on
the basis of model evaluation criteria because the
value of R*> 0.6 (Erraioui et al., 2023). To visu-
ally confirm the reliability of the model, scatter
diagrams between observed and simulated dis-
charge are shown in Figures 6 and 7.

Comparison of water yields in 2023 and
projections for 2032

According to SWAT simulation. There are sig-
nificant decline in water yield from 31.09 billion
m?3 in 2023 to 21.65 billion m? in 2032, The wa-
ter yield decreased by 9.44 billion m® (30.35%).
The decline in rainfall (from 60.51 billion m* in
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2023 to 47.19 billion m? in 2032) and land cover
changes are primarily responsible to this decline.
Tables 5 and 6 show the components of monthly
water yield, showing a decrease in surface run-
off, lateral flow, and groundwater flow in 2032,
reflecting changes in hydrological dynamics. In
addition, ground flow can be negligible or zero,
especially in dry months namely September,
October, November, due to reduced infiltration
and recharge, reflecting the impact of land cover
changes and lower rainfall.

Impact of land cover changes on water yield

The dynamics of land cover change in the
Maros watershed shows that the area of vegetated
land cover is decreasing as it occurs in secondary
forests and secondary mangrove forests. Second-
ary forests decreased in area from 25,223.95 hect-
ares in 2023 t0 25,015.40 hectares in 2032. Mean-
while, secondary mangrove forests decreased
from 285.59 hectares in 2023 to 180.60 hectares
in 2032. The decrease in vegetative land area is in
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Table 5. Water yield of the Maros watershed in 2023 (in million m?)

Month Precipitation (m?) Surface flow (m?) Lateral flow (m?) Ground flow (m?) WYLD (m?)
1 11,929.23 2,458.69 3,125.46 296.08 5,880.23
2 17,118.98 5,558.09 3,610.87 1,174.78 10,343.73
3 4,633.82 388.21 887.94 2,050.66 3,326.81
4 5,722.71 886.67 1,364.91 1,368.92 3,620.50
5 2,400.65 326.67 448.00 746.97 1,521.64
6 3,284.69 246.93 501.10 202.79 950.82
7 3,660.65 816.07 862.06 169.32 1,847.44
8 51.82 0.0013 0.6826 75.89 76.57
9 63.26 0.0054 4.16 4.1 8.27
10 220.30 0.7650 10.75 0.0047 11.52
1 5,421.06 368.37 879.46 0.00001 1,247.82
12 6,000.76 798.72 1,423.70 37.87 2,260.28
Total 60,507.92 11,849.18 13,119.07 6,127.39 31,095.64
Table 6. Water yield of the Maros watershed in the projection year 2032 (in million m?)
Month Precipitation (m?) Surface flow (m?) Lateral flow (m?) Ground flow (m?3) WYLD (m?3)
1 16,582.02 4,419.78 4,436.86 319.16 9,175.81
2 7,542.78 1,209.38 1,663.10 1,241.67 4,114.16
3 3,795.99 305.40 692.84 1,329.55 2,327.79
4 3,896.34 739.83 790.37 678.75 2,208.95
5 2,623.27 48.37 479.99 238.55 766.91
6 1,582.33 29.73 261.55 69.33 360.60
7 241.71 0.3758 24.38 12.06 36.81
8 454.38 3.00 55.16 0.8328 58.99
9 9.26 0.1133 18.53 - 18.64
10 120.90 0.0067 1.34 - 1.35
1 2,928.10 39.52 350.33 - 389.86
12 7,414.27 431.67 1,762.32 0.5178 2,194.50
Total 47,191.34 7,227.18 10,536.76 3,890.42 21,654.35

line with the decline in the volume of water pro-
duced by the Maros watershed. This shows that
the reduction in the area of secondary forests and
mangrove forests that have an essential role in
processes of hydrology including infiltration and
groundwater recharge processes causes a reduc-
tion in the water yield in the Maros watershed.
Conversely, areas such as settlements, fish
ponds, and paddy area have increased in size.
settlements areas increased from 3,811.65 hect-
ares in 2023 to 3,898.84 hectares in 2032. Fish
ponds increased from 5,723.20 hectares in 2023
to 5,818.99 hectares in 2032. Paddy area increased
from 14,007.22 hectares in 2023 to 14,093.81
hectares in 2032. The increase in the area of these
lands is inversely proportional to the amount of
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water produced in the watershed. This shows that
the expansion in the area of land with impermeable
characteristics such as settlements, fish ponds, and
paddy area which generally increase surface runoff
and reduce soil infiltration causes a reduction in the
water yield produced in the Maros watershed.
These changes, combined with a 22% de-
crease in rainfall (from 60.51 to 47.19 billion m?),
led to a 30.35% decrease in water yield. Figure 8
illustrates the spatial distribution of water yields,
and shows a decline in water yields in areas where
much forest has been lost and urban areas have
expanded. Concerns about future water scarcity
arise as the Maros watershed hydrological system
faces increasing pressures as a result of the com-
bined impacts of land cover change and climate.
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Figure 8. Map of the water yield in 2023 and 2032

CONCLUSIONS

The results of the 2032 land cover projection
indicate that the land cover used for anthropogenic
purposes, namely, settlements, fishponds, paddy
areas, and agricultural/crop land, will increase in
area, whereas vegetated land cover, namely, sec-
ondary forests and secondary mangrove forests,
will decrease in area. These changes indicate that
there has been development pressure on the natu-
ral ecosystems in the Maros watershed, which has
affected the reduction in soil infiltration capacity,
increased surface runoff, and reduced ground-
water reserves, ultimately affecting the volume
of water produced in the Maros watershed. The
change in land cover from vegetation to land for
anthropogenic purposes has caused a decline in
the volume of water in the Maros watershed, as
shown by the results of the SWAT model simula-
tion, where there was a 30.35% decrease in water
yield from 31.09 billion m? in 2023 to 21.65 bil-
lion m? in 2032. In addition to land cover changes,
reduced rainfall also contributes to a decrease in
water yield. These findings indicate that if these
land cover changes are not controlled, the risk of
drought, flooding, and seasonal water supply im-
balances in the Maros watershed could increase.
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