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1. Introduction

Floods are one of the most frequent natural disasters in several regions in Indonesia, resulting
in infrastructure damage (CRED 2020) and many fatalities (Khan et al. 2014; Nandhita et al. 2023).
Floods also significantly impact grain yield reduction (Chen et al. 2018). Floods start from the fall
of rainwater into large amounts of land surface runoff that is not infiltrated. Furthermore, the
accumulated runoff water flows into the river, so the water volume exceeds the river’s capacity
and becomes a flood (Chairil et al. 2020; Kodoatie 2013). Areas with high soil erosion can lead to
the shallowing of river bodies, which reduces the river's carrying capacity, making it more
susceptible to flooding. Flood disasters appear everywhere every rainy season with varying
locations and levels of damage (Chairil et al. 2021b). Flood disasters appear everywhere every
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rainy season, with differing locations and levels of damage. Flood problems have existed since
humans lived and carried out various activities in the flood plains of rivers (Ministry of Research
and Technology 2008).

Flood disasters are natural phenomena that occur due to conditions of high rainfall and
uncontrolled human activities in exploiting natural resources, which affect the hydrological system
to the point that peak discharges become floods (Knington et al. 2017; Szwagrzyk et al. 2018).
Apart from that, changes in land use that do not follow its function will be a factor in flood events
(Szwagrzyk et al. 2018). The function of forests becoming non-forests will cause changes in soil
moisture retention and surface runoff, thereby increasing the average annual discharge and peak
discharge even though rainfall is under normal conditions (Guzha et al. 2018; Kuntoro et al. 2018).

Land-use changes are influenced by a complex interplay of economic, social, physical, and
policy factors (Taking 2023). Social factors, including an increase in population. Rapid population
growth in low-income or developing countries is sometimes not in line with the food fulfillment
in that country (Mildinov 2023). This will stimulate the expansion of agricultural land to meet
food needs converted from forests in the upstream watershed area (Margono et al. 2012). Over
time, forest conversion, which leads to forest destruction, is becoming more and more common
due to the low public awareness of environmental conservation and the weak monitoring function
of the parties in charge. Population growth also increases residential areas, leading to the formation
of densely populated areas in the upstream part of the watershed (Chairil et al. 2021a; Yang et al.
2015). Massive residential development will eliminate green open spaces and agricultural
cultivation land in urban and rural areas (Khawaldah et al. 2020). In residential areas where
buildings are densely packed so that the level of water infiltration into the ground is reduced, if
heavy rainfall occurs, most of the water will become surface flow directly into the water drainage
system so that its capacity is exceeded and results in flooding.

Floods generally occur in the downstream plains, but flood accumulation starts from the
upstream areas as a hydrological system in a watershed. Last few years, floods have occurred in
several watersheds in South Sulawesi, including the Minraleng watershed (Fadhil et al. 2020), the
Tallo watershed (Musliadi et al. 2020), the Bila watershed (Sholichin and Qadri 2019), the Kelara
watershed (Chairil et al. 2020), and also Paremang Watershed. The Paremang Watershed is one of
the watersheds in South Sulawesi. It is categorized as a provincial watershed with an area of 82,828
ha. This is because the water flow of the Paremang Watershed covers four districts, namely Luwu
Regency, Tana Toraja Regency, North Toraja Regency and Palopo City. Quoted from Tribun
Luwu (2017), floods submerged Luwu in three sub-districts, namely Ponrang Subdistrict, South
Ponrang Subdistrict and Kamanre Subdistrict, due to the overflow of the Paremang River, which
not only submerged residential areas but also agricultural land. A press release by Walhi (2024)
stated that the flood in the Paremang watershed is 26.16% of the watershed area caused by land
conversion in the core and buffer areas of the Latimojing Mountains.

Flood modeling is needed to study and estimate floods' causative factors, extent, and effects
(Nikoo et al. 2016). Flood modeling is essential to see and anticipate the geographical distribution
of floods by developing mathematical principles that represent the hydrological and hydraulic
processes of the flood process (Gori et al. 2019). Several models have been developed, namely the
1D hydraulic model that describes the movement of water in a river in a simple way (Pinos et al.
2019) and the 2D hydraulic model that combines realistic elements in the depiction of floods with
replication of both longitudinal and cross-sectional water flows (Perez et al. 2019). Hydrologic
Engineering System-River Analysis System (HEC-RAS) model analysis, namely flood simulation
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analysis in one and two dimensions, describes the study of water surface cross-sections in
permanent and non-permanent forms that occur flowing (Abbas et al. 2020). Flood simulation with
HEC-RAS modeling is an element in flood management mitigation, carrying out rapid mitigation
activities in risk reduction (Nkeki et al. 2022). The flood depths and inundation were generated
using the freely available 2D hydraulic model HEC-RAS and flood inundation risks were
generated for a range of weather probabilities. According to the model’s conclusions, 17% of the
entire area is at risk of flooding, of which 9% is at high risk, 52% is at medium risk, and the
remaining 35% is at low risk (Rangari et al. 2019). Kute et al. (2014) reported that the flood profile
for the worst flood intensity resulting from the HEC-RAS could help adopt suitable flood disaster
mitigation strategies. Flood profiles for various flood intensities can be displayed at any river
cross-section. Additionally, the entire river reach can have a plot of this type of flood profile. Using
HEC-RAS for flood modeling is useful for managing disaster management procedures and
hydraulic studies. Simulations using HEC-RAS in the form of river flow data and data on the
physical shape of river cross-sections from topographic data are also needed, which can quickly
predict the time and magnitude of peak discharge that causes flooding and the volume of water in
a river that becomes flooded (Ogras and Onen 2020).

The HEC-RAS Model simulation has input data, namely river discharge data, river basin
area and rivers, which are indicators for carrying out hydrological simulations. Due to data
limitations, a model is needed to obtain the data. A hydrological model that can provide
information quickly, completely and with complexity is the Soil and Water Assessment Tools
(SWAT) model (Abbasa et al. 2016; Chairil et al. 2021b). The hydrological study using the SWAT
model is a comprehensive study launched by the United States Department of Agriculture
(USDA). SWAT modeling simulation provides good, fast and efficient results in predicting the
hydrological conditions of a watershed over a certain period (Anoh et al. 2017; Boithias et al.
2017; Byakod et al. 2017; Chairil et al. 2021b).

Based on the explanation above, the flood disaster is a natural phenomenon whose
occurrence can be detected, so it is necessary to make anticipatory efforts to minimize the impact
(mitigation) it causes. This research aims to analyze the distribution of flood areas in the Paremang
Watershed as a basic mitigation activity for flood events. The detection of flood areas used the
HEC-RAS model with the input of river water discharge data from the SWAT model in the
Paremang Watershed. The discharge analysis is influenced by several factors, starting from
topography, soil, climate, and land cover/use, which is used as the basis for flood mitigation.

2. Materials and Methods
2.1. Study Area

This research was carried out in the Paremang Watershed, South Sulawesi Province, with a
watershed area of around 89,225.28 ha. The Paremang Watershed is located at 2° 59' 3.91" to 3°
22'19.80" latitude and 119° 56' 26.24" to 120° 24' 9.07" longitude (Fig. 1).

2.2. Data Collection

This research is non-experimental and based on mapping or geographical Information
systems, so data collection generally is spatial information data. The initial data collected were
watershed boundaries from the Ministry of Environment and Forestry as orientation for the
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research location. Furthermore, the data collected was river network data and administrative
boundaries from the Republic of Indonesia Geospatial Information Agency (BIG). Administrative
data was used to identify areas entered by flooding. In contrast, river data was used to create
detailed DEM data and identify river sections as the main water flow. DEM (Digital Elevation
Model) data was obtained from Shuttle Radar Topography Mission (SRTM) Imagery with a
resolution of 30 m, which is used to extract contour data to create more detailed DEM data.
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Fig. 1. Map of Paremang Watershed.

The data collected consist of soil characteristics, land cover data, and climate data for
analysis of water discharge for input to the HEC-RAS flood model using SWAT hydrological
modeling. Data of soil characteristics were obtained from the 1987 Regional Physical Planning
Program for Transmigration (RePPProt) Landsystem Map at a scale of 1:250,000, which is
adjusted to USDA soil data. Land cover data was obtained from the Indonesian Ministry of
Environment and Forestry in 2022. Climate data consist of rainfall, maximum and minimum
temperatures, air humidity, wind speed and solar radiation for the last ten years (2013-2022) from
the Pompengan Jeneberang River Basin Center (BBWS), Directorate General of Water Resources,
Indonesian Ministry of Public Works and Housing.

2.3. Data Analysis
2.3.1. Water discharge

Analysis of river flow in the Paremang Watershed was carried out using the Soil and Water
Assessment Tools (SWAT). The model is an analysis that provides hydrological conditions with
one of the outputs being discharged in a catchment area at a certain time (Anoh etal. 2017; Boithias
et al. 2017; Byakod et al. 2017; Chairil et al. 2021b). The stages in developing SWAT model is
described below.

2.3.1.1. Watershed boundary delineation

Watershed boundary delineation is the initial stage of SWAT modeling, which creates
watershed boundaries as the subject of study using DEM data reconstructed from contour, river,
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and watershed boundary extraction data. In addition to determining watershed boundaries, this
stage outputs data on sub-watersheds and main networks based on specified area thresholds. The
DEM data also creates slope data for HRU formation and topographic input for the HEC-RAS
flood model apart from watershed delineation boundaries.

2.3.1.2. Establishment of a hydrological response unit (HRU)

The HRU is the based unit in the spatial analysis produced in SWAT modeling. The HRU
formed has specific information about the landscape. Overlapping data on soil characteristics, land
cover and slopes formed the HRU. The overlaid data is a land cover/use, soil characteristics, and
topography data in raster format. Each data is in raster form with a coordinate system in UTM
(Universal Traverso de Mercator) Zone 51S in the Paremang Watershed location. Apart from that,
the results of overlapping these data were set at a threshold of a percentage of total land cover area
of 10%, soil characteristics of 5%, and slope of 5%.

2.3.1.3. Inputting climate data and combining HRU with climate data

At this stage, the climate data was organized according to the SWAT model using a text file
format (.txt). After the climate data has been prepared, the climate data input process can be carried
out using the Write Input Tables menu. Climate data is input data into the weather data definition
toolbar, which consists of the rainfall/precipitation data, temperature data, relative humidity data,
solar radiation data, and Wind Speed Data. Combining each climate data was carried out after the
land unit was formed. The analysis period was then determined, and then the climate data was
entered to obtain a daily discharge from the simulation results.

2.3.1.4. SWAT model simulation

The SWAT simulation requires climate data in the form of rainfall and temperature at
stations representing the watershed area and weather generator data in the form of solar radiation,
wind speed, temperature, rainfall and dew point. The simulation process was carried out daily,
with a simulation output of 10 years. SWAT simulation can be run in the SWAT Simulation menu
after the Watershed Delineation, HRU Analysis, and Write Input Tables stages have been
completed properly. The simulation process can be done using Run SWAT in the SWAT
Simulation menu. The next stage is to display the output results from the simulation.

2.3.2. Flood mapping

The HEC-RAS model evaluates risk and predicts future floods (Al-Hussein 2022). Flood
modeling consists of the following stages: pre-processing, hydraulics modeling, post-processing,
and flood mitigation.

2.3.2.1. Pre-processing

Pre-processing is the initial stage of HEC-RAS flood modeling, which was done by mapping
flow segments and river geometry. Mapping of river sections using the QGIS application with the
help of extensions in the form of HEC-GeoRAS. The data used were Paremang Watershed
boundary maps, river maps, and contour maps obtained from DEM data. These data were then
projected in D_WGS 1984 51S coordinate units for the Central part of Indonesia. With the help
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of the HEC-GeoRAS extension, river mapping, left and right river banks, flow directions and cross
sections were made. Cross sections were made with a distance between cross sections of 125 m
with a uniform width of cross-section, namely 100 m2. The cross-section method in HECRAS
produces the cross-sectional area of the river channel.

The process of digitizing or defining river geometry in the form of cross-sections and
longitudinal sections of the river and flood plains along the river before hydraulic modeling was
carried out. First, it is necessary to draw the river center line (Stream Centreline), cliff lines (Bank
Lines), flow lines (Flow Path Centerlines) and cross-section lines (XS Cut Lines). This makes it
easier to depict satellite imagery or DEM photos, which are used as a reference for depicting flow
lines and cliffs.

The process of drawing flow lines was carried out manually following the cliff lines, while
the cut lines were done automatically using the Construct XS Cut Lines tool in the HECGeoRAS
program by entering the width and distance values between cuts. The results of automatically
drawing cutting lines must be corrected so the lines do not intersect. Next, the cross-section export
process was carried out using the HEC-GeoRAS auxiliary program as input data for hydraulic
modeling using the HEC-RAS program.

2.3.2.2. Hydraulics modeling

Hydraulic modeling is intended to obtain water surface profile results and flood
characteristics such as inundation area, depth, flow speed, and flow area. Generally, the input data
required for hydraulic modeling are river geometry and flow discharge data. The geometric data
used as input is the river geometry resulting from the digitization that has been carried out. In the
geometry section, it is necessary to input the roughness value, namely in the form of the Manning
coefficient. The Manning coefficient value is based on the floodplain's channel conditions and land
use. Channel conditions and land cover types were obtained from the visual interpretation of
satellite images. The determination of the Manning coefficient value based on the data used in his
research is shown in Table 1.

Table 1. Manning coefficient value (US Army Corps of Engineers 2015)

No. Land cover Manning value
1 Agriculture 0.06
2 Paddy filed 0.05
3 Shrubs 0.04
4 Forest 0.05
5 Water bodies 0.03
6 Open land 0.04

2.3.2.3. Post-processing

Post-processing is the process of analyzing flood inundation based on the results of hydraulic
analysis that has previously been carried out. The results of hydraulic analysis using HEC-RAS in
the form of water level and flood inundation profiles were processed using the HEC-GeoRAS tool
in GIS software to produce a flood inundation model. An inundation map is a map that shows the
distribution of water around a river due to it not being accommodated in the river body.
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2.3.3. Floods mitigation

Simulation of flood areas using the HEC-RAS Model provides an overview of areas at risk
and priorities for carrying out flood mitigation activities. One of the mitigation activities that is
quicker to control floods is technical activities such as carrying out river rehabilitation (Nkeki et
al. 2022; Ogras and Onen 2020). Another form of natural mitigation to control surface flow and
water discharge is land use planning activities (Chairil et al. 2020).

3. Results and Discussion
3.1. Water Discharge

Water discharge analysis uses SWAT, which begins with the watershed delineation stage.
This initial stage analyzes how to create watershed boundaries, dividing the watershed into several
sub-watersheds. Each sub-watershed has a main network and outlets. The results of delineating
the Paremang Watershed generally show no significant difference in watershed boundaries from
the Ministry of Environment and Forestry. Based on the delineation results, the area of the
Paremang Watershed is 89,225.28 ha, consisting of 51 sub-watersheds.

The watershed delineation process also illustrates that the Paremang Watershed covers three
district administrative areas in South Sulawesi Province, which flow from west to east, specifically
in Bone Bay. The three Paremang Watershed areas include Luwu, Tana Toraja, and North Toraja
Regencies. Most of the Paremang Watershed starts from the upstream, middle, and downstream,
and its outlets fall within the Luwu Regency area. Tana Toraja and North Toraja districts are
located at the upper reaches of the western part of the Paremang Watershed.

The next stage is HRU with an overlay analysis of three data sets: slope, soil characteristics,
and land cover. Slope conditions are dominated by steep slopes (25-45%) to very steep (>45%).
The higher the topographic conditions, the steeper the slope conditions will be, which will speed
up surface flow towards the main river (Chairil et al. 2020) (Fig. 2).

Fig. 2. Map of land slope in Paremang Watershed.
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Soil conditions in the Paremang Watershed are dominated by the inceptisol soil type, which
has a fairly thick soil solum, the texture is dust, dusty clay, clay, and the soil structure is crumbly,
and the consistency is loose. This type of soil is easily eroded, surface flows further increase the
sediment, and the water discharge in the river causes the accumulation of water to exceed the
river's capacity, causing flooding (Chairil et al. 2021b) (Fig. 3).
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Fig. 3. Map of soil type in Paremang Watershed.

Land cover data was interpreted from Landsat Image 8. The results of this interpretation
showed 13 land cover classes in the Paremang Watershed (Table 2 and Fig. 4). Forests with an
area of 24.27% that change in all forms of regional functions provide a decrease in the function of
the hydrological cycle in the watershed (Rijal et al. 2023; Sufiyan and Magaji 2018). The reduction
of hydrological will change the retention of soil moisture and the flow of water so that the
discharge rate increases and the river's capacity decreases (Guzha et al. 2018; Schilichin and Wadri
2019).

Table 2. Land cover in the Paremang Watershed

No. Land cover Area (ha) Wide (%)
1 Primary dryland forest 8,750.79 9.81
2  Secondary dryland forest 17,678.34 19.81
3  Settlements/built-up land 660.75 0.74
4 Plantation/garden 280.06 0.31
5 Dryland farming 444.36 0.50
6 Mixed shrub dry land farming 24,151.56 27.07
7  Savanna/grassland 838.64 0.94
8 Ricefield 14,444.36 16.19
9  Shrubs 20,421.43 22.89
10 Pond 1,008.71 1.13
11  Open land 17.21 0.02
12 Body of water 529.05 0.59

Total 89,225.28 100.00
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Fig. 4. Map of land cover in Paremang Watershed.

The next stage is combining the results of the HRU overlay with climate data. Most climate
data is represented by looking at rainfall conditions in an area. Rainfall is also important in
analyzing water discharge and flooding events (Chairil et al. 2020; Knington et al. 2017; Kodoatie
2013). Rainfall above normal causes greater surface flow, forming peak discharge and continuing
for a long time, causing flooding (Knington et al. 2017). Rainfall conditions are very high in the
upstream area of the Paremang Watershed compared to the downstream (Fig. 5).
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Fig. 5. Map of rainfall in Paremang Watershed.

The SWAT model was then run to obtain basic discharge data in flood-prone areas. Water
discharge is the volume of water that can pass through a river or that the river can accommodate
per unit of time. Water discharge is also described as the speed of water flow passing through a
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river cross-section. The greater and faster the water discharge, the peak discharge will become a
flood overflow (Chairil et al. 2021b). Water discharge is increasing increases in the main river and
heads towards the outlet of the watershed (Fig. 6).

AR . p
S e
e \ [
P Pt g
\ 149
¥ i ] ¥

ny

o / LEGEND
River

[T} wetershed Bounaery

Fig. 6. Maximum water discharge in Paremang Watershed.

Discharge fluctuations are a very important characteristic of river flow because they will
directly determine the availability of irrigation water and the opportunity and prediction of floods
and droughts. Sharp fluctuations in discharge flow between the two seasons indicate disruption of
watershed function (Chairil et al. 2021b). Apart from that, discharge fluctuations are also closely
related to erosion and sedimentation events, so they can also indirectly describe the level of land
quality degradation.

3.2. Floods Hazard Mapping

HEC-RAS is designed to simulate a one-dimensional flow. The HEC-RAS model produces
a river water condition under the influence of hydrology and hydraulics and further river
management according to needs (Abbas et al. 2020). Flood simulations with the HEC-RAS model
were obtained using maximum discharge data from the SWAT model results (Ogras and Onen
2020). The results of HEC-RAS are modeling the potential distribution of flood areas based on
GIS. The results of this simulation are then superimposed with administrative boundaries and
produce area sizes, which are presented in detail in Table 3.

Table 3. Area of potential flooding in Luwu Regency, Paremang Watershed

No. Subdistrict Area (ha)
1 Bajo 81,33
2 North Belopa 58,25
3 Bua Ponrang 902,05
4 Kamanre 991,41
5 South Ponrang 689,35

Total 2.722,38
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The results of the flood potential analysis show that the area of potential flooding is in Luwu
Regency, covering an area of 2,722.38 ha. Kamanre, Buo Ponrang, and South Ponrang Districts
have the most widespread flood potential of 991.41 ha, 905.05 ha, and 689.35 ha. This is based on
the visualization of flood inundation from the water level profile in each transverse section,
interpreted as flood inundation. Based on the map of the potential distribution of floods in the
Paremang watershed area shows that the potential is in the downstream part of the watershed (Fig.
7). The factors that cause flooding are quite related to each other, ranging from high rainfall, slope
conditions, and land cover (Guzha et al. 2018; Szwagrzyk et al. 2018). The worst flooding
condition is the increasing sediment yield (Chairil et al. 2021b; Munoth and Goyal. 2019).

Fig. 7. Map of area of potential flooding in Paremang Watershed.

3.3. Floods Mitigation

The spread of flooding appears to impact dryland agricultural land cover areas, even densely
populated areas in the Paremang Watershed. This resulted in crop failure for the local community
and large losses. Apart from that, flooding in dense settlements will disrupt daily life and can even
claim lives (CRED 2020). Apart from flood locations, which directly impact dense residential
areas, they also impact public services, public infrastructure and locations of economic activity
centers.

Based on the impact of the simulated flood event in the Paremang River Basin, mitigation
activities need to be carried out by improving the parameters that cause flood discharge (Chairil et
al. 2021Db). Only land cover parameters can be used for long-term land use planning management
activities. Land use planning is a systematic land assessment that finds the best land use
alternatives while considering economic, social, and environmental conditions (Chairil et al.
2020). This planning has been included in the Spatial Planning Law. The law stipulates that all
levels of government make land use plans starting from the Provincial, Regency and Village levels.
Even every land use plan that has been analyzed must undergo a further analysis called a strategic
environmental assessment. The study includes an analysis of carrying capacity, ecosystem

811



Mirzag et al. (2024) urnal Sylva Lestari 12(3): 801-817
q Y

services, climate change vulnerability, utilization of natural resources, biodiversity, and disaster
risks, one of which is flooding (Fig. 8).

LEGEND

Fig. 8. Land use planning in Paremang Watershed.

Institutionally, land use planning is led by the Ministry of Agrarian Affairs and Spatial
Planning of the Republic of Indonesia. The analysis section of land use planning is based on the
function of forest areas under the authority of the Ministry of Environment and Forestry. The
upstream part of a watershed should be dominated by the function of protected forests as protection
of life support systems to regulate water management, prevent flooding, control erosion, and
maintain soil fertility. Forests in protected areas will regulate the balance of water discharge and
reduce erosion, which can increase sediment and affect river capacity (Chairil et al. 2021b). At the
provincial level, each forest area, including protected forests, has a management unit called the
Forest Management Unit as the vanguard and the driving force in forest management and
protection efforts (Kartodihardjo et al. 2012).

The Ministry of Environment and Forestry has implemented several policies to increase
forest cover in forest areas, such as Forest Restoration and Rehabilitation (Purnomo and Anand
2014). However, the forest rehabilitation policy is not comparable to the community's conversion
of forests to agriculture (Chairil et al. 2023). Thus, the President of the Republic of Indonesia
launched a Social Forestry policy through the Ministry of Environment and Forestry (Maryudi et
al. 2012; Purnomo and Anand 2014). The Social Forestry Policy provides certainty of community
land and forestry assistance. In addition to being within the forest area, the ministry, up to the
Forest Management Unit Level, can provide financial assistance to the community in building
community forests outside the forest area.

Land use outside forest areas is certainly more influenced by the regional or district
government, especially in agriculture, plants, fisheries, and settlements. Regarding these fields,
the Regency must still look at the policies in each ministry. The Paremang Watershed has a very
large dryland agricultural plan in the watershed’s upper reaches. In regulating this, the Ministry of
Agriculture needs to develop an agroforestry pattern, a heterogeneous planting pattern of forestry,
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plantation, animal feed, and horticultural crops. Agroforestry can produce sustainable agricultural
products in a particular rural area in the watershed’s upper reaches (Bliska et al. 2013). This policy
needs to be followed by further assistance such as seed assistance, capital loans, and maintaining
the price of agroforestry plants. Other land cover types, such as plantations, intensive agriculture,
and rice fields, require soil conservation efforts disseminated by the surrounding community
(Nugroho et al. 2021).

One sector that can withstand changes in land cover is the tourism sector. Ecotourism is
related to government policies at the central level, such as those of the Ministry of Tourism and
local governments, which protect the environment and culture of protected areas (Seifi and
Ghobadi 2017). The government and community continue to develop ecotourism with unique
prehistoric, cultural, and natural ecosystem values to reduce land conversion into agricultural land.
Ecotourism will play a role in developing sustainable tourism for local governments and
communities with economic, social and ecological values (Nurinsyah et al. 2015; Zambrano and
Mario 2010; Seifi and Ghobadi 2017). Ecotourism development is based on local communities to
eliminate poverty (Kuuder and Manu 2012). Ecotourism is also a tool for environmental
management for local governments and avoids land use that does not follow its designation
(Nurinsyah et al. 2015).

Technically, mitigation needs to be carried out on every land use planning that has been
planned technically faster (Kodoatie 2013). Technical flood mitigation activities can rapidly
impact flood reduction, such as building reservoirs, dams, and river normalization (Chairil et al.
2020; Kodoatie 2013). Another thing that is done is to make river channels and build retaining
walls. In addition to river normalization, household waste management and handling of river
pollution must also be carried out (Amru et al. 2022). In terms of institutions, technical mitigation
will be carried out by the Public Works sector at the Ministry and local government levels.

4. Conclusions

The Paremang Watershed has a very high water discharge due to high rainfall conditions,
steep slopes accelerating water flow, and land cover dominated by rice fields, bushes and dry land
agriculture. The condition increases surface flow, stimulating the amount of water discharged. This
also results in an increase in sediment, which will reduce the river’s capacity. So flooding occurs
in the middle to downstream areas of the watershed, mostly in Luwu Regency. These floods have
a major impact on agricultural land, causing crop failure and residential areas, which can cause
casualties and material losses. This encourages the need for mitigation by considering the
parameters that cause flood discharge. Only land cover parameters can be used for management
activities in land use planning. The plan is led by the Ministry of Agrarian Affairs and Spatial
Planning of the Republic of Indonesia in collaboration with several ministries or sectors ranging
from forestry, agriculture, fisheries, tourism, and public works. To increase forest cover, forestry
policies start with forest rehabilitation, social forestry, and community forests. The agricultural
sector is expanding agroforestry patterns, followed by seed assistance, capital loans, and
agroforestry plant prices. One sector that can withstand changes in land cover is the tourism sector.
The tourism sector develops ecotourism to protect the environment and culture of protected areas.
Technical flood mitigation activities such as building reservoirs, dams, and river normalization are
carried out by the Public Works sector.

813



Mirzag et al. (2024) urnal Sylva Lestari 12(3): 801-817
q Y

References

Abbas, S. A., Al-Aboodi, A. H., and Ibrahim, H. T. 2020. Identification of Manning’s Coefficient
Using HEC-RAS Model: Upstream Al-Amarah Barrage. Journal of Engineering 2020: 1—
7. DOI: 10.1155/2020/6450825

Abbasa, N., Saleh., Wasimia, A., and Ansari, A. N. 2016. Assessment of Climate Change Impacts
on Water Resources of Al-Adhaim, Irag Using SWAT Model. Engineering 8: 716-732.

Al-Hussein, A. A., Khan, S., Ncibi, K., Hamdi, N., and Hamed, Y. 2022. Flood Analysis using
HEC-RAS and HEC-HMS: A Case Study of Khazir River (Middle East-Northern Iraq).
Water 14(22): 3779. DOI: 10.3390/w14223779

Amru, K., Fahmi, S., Ningrum, M. H., Laksmita, A. N., and Jati, E, D. 2022. Identification of
Environmental Issues on the Ecoregion of Volcanic and Fluvio-Volcanic Landform in
Badung Regency. Jurnal Sylva Lestari 10(3): 333-344. DOI: 10.23960/jsl.v10i3.589

Anoh, K. A., Koua, T. J. J,, Eblin, S. G., Kouamé, K. J., and Jourda, J. P. 2017. Modeling
Freshwater Availability Using SWAT Model at a Catchment-Scale in lvory Coast. Journal
of Geoscience and Environmental Protection 5: 70-83. DOI: 10.4236/gep.2017.513005

Bliska, F. M. M., Turco, P. H. N., Janior, A. B., and Carvalho, D. 2013. Impact of Coffee
Production in Agroforestry System for Sustainable Development. Journal of Agricultural
Science and Technology 3: 535-544.

Boithias, L., Sauvage, S., Lenica, A., Roux, H., Abbaspour, K. C., Larnier, K., Dartus, D., and
Sanchez-Pérez, J. M. 2017. Simulating Flash Floods at Hourly Time-Step Using the SWAT
Model. Water 9(12): 929. DOI: 10.3390/w9120929

Byakod, K., Shivapur, V. A., and Venktesh, B. 2017. Application of SWAT Model for Generating
Surface Run Off and Estimation of Water Availability for Balehonnuru Catchment Area for
Badhra River Basin. International Research Journal of Engineering and Technology 4(8):
1143-1148.

Chairil, A., Barkey, R. A., Malamassam, D., Mukhlisa, A. N., and Nursaputra, M. 2020. Land Use
Planning for Floods Mitigation in Kelara Watershed, South Sulawesi Province, Indonesia.
IOP Conference Series: Earth and Environmental Science 575(1): 012132. DOI:
10.1088/1755-1315/575/1/012132

Chairil, A., Barkey, R., Rijal, S., and Nursaputra, M. 2021a. The Effect of Pare-Pare City’s
Development on Land Use/Land Cover Change in Karajae Watershed. IOP Conference
Series: Earth and Environmental Science 870(1): 012034. DOI: 10.1088/1755-
1315/870/1/012034

Chairil, A., Rijal, S., Nursaputra, M., and Mappiase, M. F. 2021b. Impact of Land Use Change on
Hydrological Conditions in the Karajae Watershed, South Sulawesi Province. 10P
Conference Series: Earth and Environmental Science. DOI: 10.1088/1755-
1315/886/1/012079

Chairil, A., Rijal, S., Nursaputra, M., and Ramdani, F. Y. 2023. Monitoring Land Surface
Temperature in the Karajae Watershed as an Influential Ecosystem for Pare-Pare City. IOP
Conference Series: Earth and Environmental Science. DOI: 10.1088/1755-
1315/1277/1/012021

Chen, H., Liang, Z., Liu, Y., Jiang, Q., and Xie, S. 2018. Effects of Drought and Flood on Crop
Production in China Across 1949-2015: Spatial Heterogeneity Analysis with Bayesian
Hierarchical Modeling. Natural Hazards 92: 525-541. DOI: 10.1007/s11069-018-3216-0

814



Mirzag et al. (2024) urnal Sylva Lestari 12(3): 801-817
q Y

CRED. 2020. The International Disaster Database (EM-DAT). < https://www.emdat.be > (July.
29, 2024).

Fadhil, M., Ristya, Y., Oktaviani, N., and Kusrtamoko, E. 2020. Flood Vulnerability Mapping
using The Spatial Multi-Criteria Evaluation (SMCE) Method in The Minraleng Watershed,
Maros Regency, South Sulawesi. E3S Web of Conferences CORRECT-1JJS 2019. DOI:
10.1051/e3sconf /202015030101044

Gori, A., Blessing, R., Juan, A., Brody, S., and Bedient, P. 2019. Characterizing Urbanization
Impacts on Floodplain Through Integrated Land Use, Hydrologic, and Hydraulic Modeling.
Journal of Hydrology 568: 82-95. DOI: 10.1016/j.jhydrol.2018.10.053

Guzha, A. C., Rufino, M. C., Okoth, S., Jacobs. S., and N6brega, R. L. B 2018. Impacts of Land
Use and Land Cover Change on Surface Runoff, Discharge and Low Flows: Evidence from
East Africa. Journal of Hydrology: Regional Studies 15: 49-67. DOI:
10.1016/j.ejrh.2017.11.005

Hankin, B., Metcalfe, P., Beven, K., and Chappell, N. A. 2019. Integration of Hillslope Hydrology
and 2D Hydraulic Modelling for Natural Flood Management. Hydrology Research 50(6):
1535-1548. DOI: 10.2166/nh.2019.150

Kartodihardjo, H., Nugroho, B., and Putro, H. R. 2012. Pembangunan Kesatuan Pengelolaan
Hutan (KPH) Konsep, Peraturan Perundangan, dan Implementasi. Debut Wahana Sinergi,
Jakarta.

Khan, M. M. A., Shaari, N. A., Bahar, A. M. A., Baten, M. A. B., and Nazaruddin, D. A. 2014.
Flood Impact Assessment in Kota Bharu, Malaysia: A Statistical Analysis. World Applied
Science Journal 32(4): 626-634. DOI: 10.5829/idosi.wasj.2014.32.04.422.

Khawaldah, H., Farhan, I., and Alzboun, N. 2020. Simulation and Prediction of Land Use and
Land Cover Change in Irbid Governorate in Jordan using GIS, Remote Sensing and CA-
Markov Model. Global Journal of Environmental Science and Management 6(2): 215-232.
DOI: 10.22034/gjesm.2020.02.07

Knington, O. J., Gaetano, D. A., and Walter, T. M. 2017. Hydrologic State Influence on Riverine
Flood Discharge for a Small Temperate Watershed (Fall Creek, United States): Negative
Feedbacks on the Effects of Climate Change. Journal of Hydrometeorology 18: 431-449.
DOI: 10.1175/jhm-d-16-0164.1

Kodoatie, R. J. 2013. Urban Flood Engineering and Management. Andi Publisher, Yogyakarta.

Kuntoro, A. A., Cahyono, M., and Soentoro, E. A. 2018. Land Cover and Climate Change Impact
on River Discharge: Case Study of Upper Citarum River Basin. Journal of Engineering and
Technological Sciences 50(3): 364-381. DOI: 10.5614/j.eng.technol.sci.2018.50.3.4

Kute, S., Kakad, S., Bhoye, V., and Walunj, A. 2014. Flood Modeling of River Godavari using
HEC-RAS. IJRET: International Journal of Research in Engineering and Technology 3(9):
81-87.

Kuuder, C. J. K., and Manu, I. 2012. Community-Based Ecotourism and Livelihood Enhancement
in Sirigu, Ghana. International Journal of Humanities and Social Science 2(18): 97-108.

Mahmud, Kusumandari, A., Sudarmadji, and Supriyatno, N. 2018. A Study of Flood Causal
Priority in Arui Watershed, Manokwari Regency, Indonesia. Journal of Tropical Forest
Management 24(2): 81-94.

Margono, A. B., Turubanova, B., Zhuravleva, 1., Potapov, P., Tyukavina, A., Baccini, A., Goetz,
A., and Hansen, C. M. 2012. Mapping and Monitoring Deforestation and Forest
Degradation in Sumatra (Indonesia) using Landsat Time Series Data Sets from 1990 to

815


https://www.emdat.be/
https://doi.org/10.1051/e3sconf%20/202015030101044
https://doi.org/10.1016/j.jhydrol.2018.10.053
https://doi.org/10.2166/nh.2019.150

Mirzag et al. (2024) urnal Sylva Lestari 12(3): 801-817
q Y

2010. Environmental Research Letter 7: 034010. DOI: 10.1088/1748-9326/7/3/034010

Maryudi, A., Devkota, R. R., Schusser, C., Yufanyi, C., Salla, M., Aurenhammer, H.,
Rotchanaphatharawit, R., and Krott, M. 2012. Back to Basics: Considerations in Evaluating
the Outcomes of Community Forestry. Forest Policy and Economics 14(1): 1-5. DOI:
10.1016/j.forpol.2011.07.017

Miladinov, G. 2023. Impacts of Population Growth and Economic Development on Food Security
in Low-income and Middle-income Countries. Frontiers in Human Dynamics 5:1121662.
DOI: 10.3389/fhumd.2023.1121662

Ministry of Research and Technology. 2008. Science and Technology as a Principle in Disaster
Management in Indonesia. < http://www.ristek.go.id > (4 July 2020)

Munoth, P., and Goyal, R. 2019. Impacts of Land Use Land Cover Change on Runoff and
Sediment Yield of Upper Tapi River Sub Basin, India. International Journal of River Basin
Management 18(2): 1-37. DOI: 10.1080/15715124.2019.1613413

Musliadi, Chaerul, M., and Gusty, S. 2020. Study on Flood Simulation of Tallo Watershed,
Makassar City, South Sulawesi Province. Journal of Physics: Conference Series. DOI:
10.1088/1742-6596/1899/1/012063

Nanditha, J. S., Kushwaha, A. P., Singh, R., Malik, 1., Solanki, H., Chuphal, D. S., and Mishra, V.
2023. The Pakistan Flood of August 2022: Causes and Implications. Earth’s Future 11(3):
€2022EF003230. DOI: 10.1029/2022ef003230

Nikoo, M., Ramezani, F., Hadzima-Nyarko, M., Nyarko, E. K., and Nikoo, M. 2016. Flood-routing
Modeling with Neural Network Optimized by Social-based Algorithm. Natural Hazards
82(1): 1-24. DOI:10.1007/s11069-016-2176-5.

Nkeki, F. N., Bello, E. I., and Agbaje, 1.G. 2022. Flood Risk Mapping and Urban Infrastructural
Susceptibility Assessment using a GIS and Analytic Hierarchical Raster Fusion Approach
in the Ona River Basin, Nigeria. International Journal of Disaster Risk Reduction 77:
103097. DOI: 10.1016/j.ijdrr.2022.103097

Nugroho, P., Rahayu, A. D., Juliani, R., Cahyo, A. D., Ankhoviyya, N., Gumilar, E., Susanto, D.,
and Nugroho, A. 2021. Understanding Resident Intention and Behavior toward Water
Conservation Initiative in the Upstream of West Java, Indonesia. Jurnal Sylva Lestari 10(1):
12-25. DOI: 10.23960/jsl.v10i1.541

Nurinsiyah, D. N., Gunawan, B., Husodo, T., and Uchiyama, T. 2015. Ecotourism Development
in Indonesia: A Case Study in Kawah Putih, West Java. Journal of Rural Problems 51(3):
197-202. DOI: 10.7310/arfe.51.197

Ogras, S., and Onen, F. 2020. Flood Analysis with HEC-RAS: A Case Study of the Tigris River.
Advances in Civil Engineering. 2020: 1-13. DOI: 10.1155/2020/6131982

Perez, G., Mantilla, R., Krajewski, W. F., and Wright, D. B. 2019. Using Physically Based
Synthetic Peak Flows to Assess Local and Regional Flood Frequency Analysis Methods.
Water Resources Research 55: 8384-8403. DOI: 10.1029/2019wr024827

Pinos, J., Timbe, L., and Timbe, E. 2019. Evaluation of 1D Hydraulic Models for The Simulation
of Mountain Fluvial Floods: A Case Study of The Santa Barbara River in Ecuador. Water
Practice and Technology 14(1): 341-354. DOI:10.2166/wpt.2019.018

Purnomo, E. P., and Anand, P. B. 2014. The Conflict of Forest Tenure and The Emergence of
Community-Based Forest Management in Indonesia. Journal of Government and Politics.
5(1): 20-31. DOI: 10.18196/jgp.2014.0003

Rangari, V. A., Umamahesh, N. V., and Bhat, C. M. 2019. Assessment of Inundation Risk in

816


http://www.ristek.go.id/
https://doi.org/10.1029/2022EF003230
https://doi.org/10.1155/2020/6131982
http://dx.doi.org/10.1029/2019WR024827
http://dx.doi.org/10.2166/wpt.2019.018

Mirzag et al. (2024) urnal Sylva Lestari 12(3): 801-817
q Y

Urban Floods using HEC RAS 2D. Modeling Earth Systems and Environment 5(4): 1839—
1851. DOI: 10.1007/s40808-019-00641-8

Rijal, S., Malamassam, D., Nursaputra, M., and Chairil, A. 2023. Spatial Metrics of Deforestation
in Central Sulawesi, Indonesia. IOP Conference Series: Earth and Environmental Science.
DOI: 1755-1315/1253/1/012103

Seifi, F., and Ghobadi, G. R. J. 2017. The Role of Ecotourism Potentials in Ecological and
Environmental Sustainable Development of Miankaleh Protected Region. Open Journal of
Geology 7(4): 478-487. DOI: 10.4236/0jg.2017.74033

Sholichin, M. and Qadri, W. 2019. Predicting Flood Hazards Area using Swat and Hec-Ras
Simulation in Bila River, South Sulawesi. IOP Conference Series: Earth and Environmental
Science. DOI: 10.1088/1755-1315/437/1/012055

Sufiyan, I. dan Magaji, J. I. 2018. Modeling Flood Hazard Using Swat and 3D Analysis in
Terengganu Watershed. Journal Clean WAS 2(2): 19-24. DOl:
10.26480/jcleanwas.02.2018.19.24

Szwagrzyk, M., Kaim, D., Price, B., Wypych, A., Grabska, A., and Kozak, J. 2018. Impact of
Predicted Land Use Changes on Flood Risk in the Polish Carpathians. Natural Hazards 9:
227-240. DOI: 10.1007/s11069-018-3384-y

Taking, M. 1. 2023. Factors that Affect Changes in Land Use and its Implications in Spatial Control
in the Sungguminasa Urban Area. IOP Conference Series: Earth and Environmental
Science. DOI: 10.1088/1755-1315/1209/1/012008

Tribun Luwu. 2017. Banjir Rendam 3 Kecamatan di Luwu. < https://makassar.tribunnews.com >.
(15 April 2020).

US Army Corps of Engineers. 2015. HEC-RAS User's Manual. US Army Corps of Engineers,
Washington.

Walhi. 2024. Siaran Pers WALHI SulSel: Alih Fungsi Lahan di Kawasan Inti & Penyangga
Pegunungan Latimojong Menjadi Penyebab Utama Banjir di Sejumlah Kabupaten di
Sulawesi Selatan. < https://walhisulsel.or.id/ > (29 July 2024).

Yang. J., Wang, Y. C., Guo, L., and Xue, D. 2015. Patterns and Structures of Land Use Change in
the Three Rivers Headwaters Region of China. PLoS ONE 10(3): e0119121. DOIL:
10.1371/journal.pone.0119121

Zambrano, A. M. A., Broadbent E. N., and Durham, W. H. 2010. Social and Environmental Effects
of Ecotourism in The Osa Peninsula of Costa Rica: The Lapa Rios Case. Journal of
Ecotourism 9(1): 62—83. DOI: 10.1080/14724040902953076

817


https://doi.org/10.1007/s40808-019-00641-8
https://walhisulsel.or.id/

