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Accepted 13 August 2023 Floods are the most common natural disasters in Indonesia and have enormous potential. This study

aims to determine the flood hazard zone and regional arrangement in the Tarusan Watershed, South
Pesisir Regency. To determine the flood hazard zone using the GIS approach. The indicators used to
determine flood hazard are slope, rainfall, soil type, landform, geology, and land use. Determine the
direction of regional arrangement with an Interpretative Structural Modeling (ISM) approach. The
Al results showed that the high flood hazard zone in the Tarusan watershed is about 22% of the total
area, the medium index is around 58%, and the low flood hazard index is 20%. The high-hazard zone
of flood disasters in the study area is caused by high rainfall and topographic conditions of the
Tarusan Watershed. The main priority in the management of flood-hazard areas in the Tarusan
Watershed is to find economic alternatives to reduce forest destruction. Increasing the economic
value of the community can lead to reduced community activities in carrying out land conversion,

especially in forest areas.
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Introduction

Flooding is a natural phenomenon that occurs when high rainfall intensity exceeds the capacity of a
watershed system [1]. Floods are influenced by three main factors: human, meteorological, and watershed
characteristics [2—3]. Furthermore, Kodoatie et al. classified the factors causing flooding into natural factors
and human factors. Natural factors that encourage flooding include high rainfall intensity, relatively flat
topography, narrowing of river bodies, and siltation due to sedimentation. In addition, human activities can
also cause flooding, such as deforestation, settlements along rivers, and dumping garbage into rivers.
According to data from the Indonesian National Disaster Management Agency, from 1,815 to 2022, around
34.7% of the total national disasters were floods. Based on causative factors, 45% are caused by human
behavior [4].

Flood disasters are disasters that often occur in the tropics, especially in the Tarusan Watershed. The flood
disaster in the Tarusan Watershed disrupted transportation routes connecting the cities of Padang and
Painan as the capital of the southern coastal regency and Bengkulu Province. The flood event also has an
impact on the disruption of the flow of goods and people crossing this area, disruption of transportation flows
in this area due to flooding can reach about nine hours. impacts the people who live in the Tarusan
Watershed, such as disruptions in community economic and agricultural operations. Flood events in the
Tarusan Watershed typically cause agricultural land to be flooded, resulting in crop failure for the community.

Rosyidie stated that increasing human needs encourage changes in land use and behavior towards the
environment which are factors in floods [5]. The Tarusan Watershed is currently an area with high flood
intensity. The increasing intensity of flooding in the Tarusan Watershed is influenced by several factors. Based
on Landsat's imagery, there was a reduction in forest area by 1.7% per year from the period 2000-2018. The
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reduction of these forest friends has an impact on river sedimentation. In addition, anthropogenic factors
include settlements on riverbanks, mining of mineral C, and forest encroachment. This study aims to
determine the mitigation and flood hazard areas in the Tarusan Watershed, Pesisir Selatan Regency. This
study is important for flood mitigation efforts in the study area.

Method

Study Area

This study was conducted in the Tarusan Watershed, Pesisir Selatan Regency, West Sumatra Province. This
study was conducted over five months, from January to May 2022. Figure 1 shows the research locations.
The Tarusan Watershed has an area of 300.27 km? and is one of the ten largest river basins in West Sumatra
Province. The Tarusan Watershed was emptied into the Indian Ocean. Based on the Shuttle Radar
Topography Mission (SRTM) 1 Arc Second imagery in the form of a Digital Elevation Model (DEM),
approximately 30% of the study area has flat topography. The average rainfall intensity for this friend was
high, at more than 3,000 mm/year.
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Figure 1. Study location Tarusan Watershed.

Data Analysis

Six indicators were used to determine the flood hazard zone: rainfall, slope, land shape, land use, soil type,
and geological formation. The rainfall data used was sourced from Badan Meteorologi, Klimatologi and
Geofisika (BMKG) Sicincin for the period 1975-2022 which was isolated from isohyet lines. The slope is
generated from the DEM from the SRTM 1 arc-second image. Furthermore, landform data were generated
from the interpretation of geological formations, vegetation, and DEM. Information about land cover can also
be obtained by interpreting the imagery extracted from Landsat Oli 8 imagery. Soil types in the study area
were sourced from the Bogor Soil Research Center in 1990. Geological formations used data from the
Bandung Geological Agency. The data requirements of this study are presented in Table 1.

Table 1. Research material.

No Data Specification Sources

1. Rain falls Period 1975-2022 BMKG Sicincin

2. Slope SRTM Art 1 Imagery USGS

3. Landform Analysis data

4, Land use Landsat OLI 8, year 2020 USGS

5.  Type of Soil Map scale 1: 250.000 year 1990 Bogor Soil Research Center
6. Formation of geology Map scale 1: 250.000 year 2007 Bandung Geological Agency

This journal is © Umar et al. 2024 JPSL, 14(1) | 102



To determine the flood hazard zone in the Tarusan Watershed, a scoring method was used using the analysis
technique of map overlay on a geographic information system (GIS). Each indicator is detailed or divided into
sub-indicators. The score value was generated by multiplying the weight of the indicator with the value of
the sub-indicator (Table 2) [6]. To determine the class of flood hazards, Equation 1 was used. Table 2 shows
the indicators used to determine the flood hazard zone. The highest total score resulting from the
multiplication of weight and dignity was 325, whereas the lowest total score was 65. In this study, the result
of the flood hazard zone was classified into three hazard classes: high, medium, and low. Using Equation 1,
an interval class value of 86 was generated. Table 3 presents the flood hazard class intervals for the Tarusan
Watershed.

Table 2. Indicator for assessment flood hazard.

Indicator / weight Sub indicator Value Score
> 4,500 5 75
4,000 - 4,500 4 60
Rain fall (mm/years) /15 3,500 — 4,000 3 45
3,000 - 3,500 2 30
< 3,000 1 15
Flat (0 — 8%) 5 75
Tilted (9 — 16%) 4 60
Slope (%) / 15 little steep (17 — 26%) 3 45
Steep (27 — 40%) 2 30
Very steep (> 40%) 1 15
Marin 5 50
Fluvial 4 40
Landform / 10 Denudational 1 10
Structural 1 10
Vulcanic 1 10
Bare land 5 50
Settlement 4 40
Farming area 4 40
Land use / 10 Mixed garden 3 30
Shrub 3 30
Plantation 2 20
Forest 1 10
Ultisols 5 50
Entisols 4 40
Soil / 10 Histosols 3 30
Oxisols 2 20
Inceptisols 1 10
Alluvium (Qal) 5 25
Latih formation (Tml) 3 15
Geology /5 Jura Sediment (Jr) 3 15
Granite (Tgr) 1 5
Quaternary Mountain Rock (Qv) 1 5

Source: Umar et al. [6]

c—b
k
where: | = class interval; c = total highest score; b = total lowest score; k = the number of classes desired.

I = (1)

Table 3. Class interval flood hazard.

Hazard classification  Class interval  Index

Low 65-115 Low
Medium 116 -237 Middle
High 238 -325 High

Source: Umar et al. [6]

The arrangement of the Tarusan watershed area for flood hazards was carried out using the interpretative
structural modeling (ISM) method. To explain and determine cause and effect relationships in very complex
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problems, the ISM method is very effective to use [7]. Furthermore, Umar et al. stated that flood hazard
mitigation requires complex considerations and many stakeholders [8]. Complex problems can be solved by
using the ISM method. Marimin divides the stages of the ISM method into several stages, namely: (1)
determining elements and sub-elements; (2) expert assessment of the contextual relationship between sub-
elements with the VAXO symbol; (3) determine the SSIM matrix; (4) determine the Reachability Matrix (RM);
(5) transivity; (6) determining the vertical hierarchical structure; and (7) determining the Driver Power (DP)
and dependence (D) relationship metrics. The structural self-interaction matrix (SSIM) is created by means of
pairwise comparison with the VAXO symbol [9]. Where this symbol has meaning is:

V if Eij = 1 and Eji = 0; V =i th sub element is more important than j sub element and not vice versa.
A if Eij = 0 and Eji = 1; A = sub element to j is more important than sub element to i and not vice versa.

X if Eij = 1 and Eji = 1; X = the two sub-elements have the same role level value and are related to each other,
and

O if Eij = 0 and Eji = 0; O = the two sub elements are not related
Furthermore, Eriyatno [7] and Marimin [9] classified elemental relationships into four categories (Figure 2):

The first quadrant is called autonomous and consists of sub-elements that have a driver power value (DP) <
0.5 X and a dependence value (D) £ 0.5 X, where X is the number of sub-elements on each element. Sub-
elements in the first quadrant can be interpreted as unrelated or have little relationship with the system.

The second quadrant is called dependent, consisting of sub-elements that have a driver power value (DP) <
0.5 X and a dependence value (D) 2 0.5 X. Sub-elements in the second quadrant are sub-elements that depend
on elements in the third quadrant.

Quadrant IlI: Linkage consists of sub-elements that have a driver power (DP) value = 0.5 X and a value of
dependence (D) 2 0.5 X, where X is the number of sub-elements in each element. The sub-elements included
in quadrant Illl need to be studied carefully because every action on one sub-element affects the other sub-
elements in quadrants Il and IV.

Quadrant IV: Driver (Independent) consists of sub-elements that have a value of driver power (DP) > 0.5 X
and a value of dependence (D) £ 0.5 X, where X is the number of sub-elements in each element.
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Figure 2. Matrix of driver power and dependence of ISM.

Result and Discussion

The Tarusan Watershed has a relatively diverse topography. In general (63%) has a steep-to-steep slope, and
only about 15 percent of the area of the Tarusan Watershed has relatively flat slopes. Slope conditions
dominated by steep categories encouraged high erosion. The soil types in the study area are mostly Oxisol
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soils (around 45 percent), and according to Usman, these soil types have physical properties that are easy to
erode [10]. Namdar and Pelko add that the oxisol soil of this type of soil has low absorption of rainwater,
which encourages an increase in runoff [11]. In addition, Sutrisno et al. stated that an increase in global
temperature encourages an increase in rainfall in a certain region and time. Increased rainfall is a driving
force for flood disasters [12]. Umar et al. and Hoch et al. stated that the area that is very dangerous when
the intensity of rainfall is high is the area of the fluvial formation process (alluvial fans, natural embankments,
river meanders). This area is the formation of fluvial process fields [8,13].

Based on land use in 2019, the Tarusan watershed, with approximately 62% of the water catchment area, is
forest, while the rest is used for cultivated land. The annual forest conversion rate was 0.7% between 2000—
2019 periods. According to Akhter and Hewa [14], Chen and Tfwala [15], forest conversion to other uses will
have a direct impact on the flood zone. According to Umar et al., it is necessary to have cross-sectoral
synchronization and consistency in the law enforcement of land use budgeting [16]. The results of the flood
hazard zone analysis in the Tarusan Watershed show that there is 22% high hazard, approximately 58%
medium hazard, and 20% low hazard. The details are shown in Figure 3 and Table 4.

Based on the interpretation of Land Sat Oli 8 imagery, land use in 2020 in the study area is still dominated by
forested areas. In addition, the results of the analysis of the relationship between the flood hazard zone and
land use in the Tarusan Watershed show that residential areas and agricultural food crops are located in high-
risk zones. Wagenaar et al. and Ferrans argued that settlements and agriculture that grow and develop in
flood hazard areas need an arrangement to minimize the risk of disasters in the future [17,18]. Furthermore,
Nkwunonwo et al. and Umar et al. found that an increase in population has a significant effect on land
requirements, such that land that is not suitable and disaster hazards will be an option for use in the future
[19,16].
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Figure 3. The flood hazard zone in the Tarusan Watershed.
Table 4. The flood hazard area in the Tarusan Watershed.
No Hazard Area (Ha) Percentage
classification
1. Low 6,629.96 22.08
2. Medium 17,295.5 58.6
5
3. High 6,101.49 20.32
Total (Ha) 30,027 100
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Figure 4. Map of land use in the Tarusan Watershed.
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Figure 5. Tarusan Watershed structuring policy.

To determine the contextual relationship between elements, is determined based on expert opinions. Experts
involved in determining the contextual relationship of elements come from related stakeholders, namely: (1)
Center for Population and Environmental Research Universitas Negeri Padang, (2) Regional disaster
management agency Agam Regency, (3) Non-Governmental Organizations (NGOs), (4) Public Works Office of
Agam Regency, and (5) Community leaders. Twenty experts were involved in determining the policy
directions, and 20 people were involved. Some considerations in determining experts in research are as
follows: (1) having experience in the field under study, (2) having a reputation or competence with the field

being studied, and (3) having high credibility in the field under study.
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The results of the Focus Group Discussion (FGD) with stakeholders revealed seven sub-elements of the
direction for the arrangement of the Tarusan watershed area: E1l. Search for alternative economic
communities in forests, E2. Increased monitoring of forest destruction, E3. Enforcement of legal sanctions on
forest encroachment, E4. Relocation of flood hazard zone communities, E5. Reforestation in forest areas, E6.
Socialization of natural disaster mitigation, E7. Making a detailed RTRW plan map.

Based on the results of the ISM analysis, three sub-elements have high driver power and low dependence
(Figure 5): E1 (search for alternative economies for communities around forests), E6 (socialization of natural
disaster mitigation), and E7 (making detailed RTRW plan maps). As a policy direction for the Tarusan
Watershed arrangement, there are four levels (Figure 6), and the priority of this direction is to search for
alternative economies for the community around the forest. Chechina et al. [20] stated that there is a
significant relationship between the level of community income and forest destruction. The higher the level
of community income, the less forest damage there will be. Delabre et al. [21], Wicander and Coad [22] added
that efforts to reduce forest damage require an alternative economic search by the community for economic
improvement.

LeveL 1 ;‘

LEVEL 2 | E2 H E4 H ES |

LEVEL3

LEGEND
El. Search for alternative economic communities in forests.
E2. Increased monitoring of forest destruction.
E3. Enforcement of legal sanctions on forest encroachment
E4. Relocation of flood hazard zone communities
ES. Reforestation in forest areas
E6. Socialization of natural disaster mitigation
E7. Making a detailed RTRW plan map

Figure 6. The hierarchical structure of the Tarusan Watershed structuring policy.

Conclusion

Based on the research results, it can be concluded that there are flood-prone zones with an estimated 22%
high flood zones. As a policy direction for mitigating flood disasters in the Tarusan Watershed, it is necessary
to look for economic alternatives for communities around the forest so as not to damage the forest. Apart
from that, public awareness through disaster mitigation outreach needs to be increased. Enhancing the
community's economy is necessary to lessen the reliance on land and mitigate the flood calamity in the
Tarusan Watershed. Reducing human involvement in land cover can improve the Tarusan Watershed's high
water-holding capacity, which can lessen the watershed's tendency to flood.
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