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Abstract

Hydrological dynamics occur as a result of massive land cover changes in the Cikamiri sub-watershed, Garut,
Indonesia. Changes in the hydrological patterns increase the frequency of hydrometeorological hazards in the
Garut region. This study aims to analyse water balance dynamics and multi-disasters in data-scarce regions
by integrating the FJ Mock model, Revised Universal Soil Loss Equation (RUSLE) and Flash Flood Potential
Index (FFPI). Rainfall and spatial data from 2016 to 2025 were used to simulate the relation between water
availability and land vulnerability with soil and rock types. The results show a decrease in Soil Moisture
Capacity (SMC), resulting in weak watershed retention functions. The average discharge of the Cikamiri Sub-
watershed 69.8 mm/month with high surface runoff and a combination of high erosion rates severe creates
zones of significant landslide and flash flood vulnerability in the Cikamiri River flow. The results of the FFPI
integration show a high concentration of vulnerability zones in areas with steep slopes and non-vegetation
cover of 17.12% or 1,070.23 ha. This vulnerability affects the downstream area of the Cikamiri River, which
flows into the Cimanuk River Basin. The geo-hazard modelling is consistent with the history of disasters in the
study area, which were triggered by sediment accumulation and extreme peak discharge. Slope direction and
contour analysis serve as the final validation of the analysis. The findings indicate the need for river basin
management focused on the upstream and downstream areas of the Cikamiri sub-watershed, with
improvements to drainage infrastructure and control of land clearing in the catchment area. The study provides
a basic spatial framework for local governments in developing spatial risk-based development policy planning.

Keywords: Cikamiri Sub-Watershed, Flood Vulnerability, FJ Mock Model, Flash Flood Potential Index,
Integrated Geo-hydrometeoroligical

1. Introduction

Urbanization is a significant factor influencing land
cover change, particularly in tropical watersheds [1].
The Oshiwara River in Mumbai serves as a case
study, illustrating that urban development has
expanded by 75%, accompanied by a 43% reduction
in open space. This has led to a substantial increase
in inundation and flood zone areas, exceeding 20%
[2]. Urbanisation and deforestation, by removing
vegetation and modifying slopes, increase landslide
susceptibility by up to 20% more than the effect of
increased rainfall intensity [3]. Slope inclination,
extreme rainfall and land cover that cannot withstand
infiltration increase the potential for
hydrometeorological disasters, particularly
landslides [4]. Research conducted in Italy and
Colombia has demonstrated a correlation between
landslides in upstream regions and the subsequent
occurrence of flooding downstream, leading to the
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formation of flash floods. This phenomenon,
characterised by the occurrence of landslides that are
unable to be contained due to heavy rainfall, results
in flash floods within small to medium-sized
watersheds [5][6] and [7]. The Gianh River Basin in
Vietnam serves as a prime example of the interplay
between floods and landslides during the rainy
season, which often culminates in protracted
disasters. These disasters are precipitated by
landslides  that generate sediment, thereby
contributing to the augmentation of overflowing
rivers [8]. Indonesia has a tropical climate similar to
Vietnam. Furthermore, the significant growth
population in Indonesia led to extensive land-use
changes that impact the hydrological patterns.
Indonesia has experienced rapid population
growth and significant changes in land cover, which
have been found to be generally proportional
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especially The island of Java [9]. Garut Regency,
West Java, is located in several river basins and has
experienced significant urbanisation and land cover
change. Research conducted about land-use change
over an eight-year period, the results found that the
Cimanuk-Copong watershed in Garut Regency
experienced an 8% increase in residential land cover,
a 1.96% increase in buildings, and a 17% increase in
plantations (Table 1). The overall change in land use
in Garut Regency from 2007 to 2016 [10]. Land
cover changes in the Garut region have drastically
altered the hydrological regime, particularly in the
Cimanuk watershed. This data is supported by land
cover scenario data for 2000-2020, which shows an
increase in runoff entering the Upper Cimanuk of
23.7% t0 32.2% on a 2-25 year scale [11]. As a result
of land use changes, the Cikamiri River Basin,
located upstream of the Cimanuk River Basin,
experienced an increase in water level with above-
normal flow rates, causing the volume of water at the
mouth of the Cikamiri River to increase and resulting
in flooding [12]. Hydrometeorological disasters
occur repeatedly and cause significant losses.

In 2011, flash floods swept away three houses in
the village of Simpang. The impact of land cover
change is becoming increasingly severe. Reaching its
peak in 2023, flash floods in Garut Regency carried
rocks and mud, cutting off the regency road at the
location of the incident, rendering it completely
impassable. The flash flood impact during 2011 to
2023 is presented in Table 2. This disaster is clear
evidence of the failure of the watershed ecosystem to
respond to rainfall. The Cikamiri sub-watershed has
been identified as a major contributor to peak
discharge, which triggers flash floods in Garut
Regency, because it is located upstream and has
undergone significant land cover change with a high
percentage of slope inclination [13][14] and [15] it is
noted that the change from vegetated to non-
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vegetated land cover has an impact on soil infiltration
capacity and the volume of rainfall runoff. Based on
research, [16] Rainfall distribution in the Cikamiri
watershed is uneven; rainfall in the upstream area can
cause increased river discharge in the downstream
area. Monthly rainfall in the upstream Cimanuk
watershed fluctuates between 18.2 and 366.5
mm/month [17]. As of 2017, changes in the Cimanuk
watershed area have caused an increase in runoff and
a decrease in baseflow contribution, indicating a
higher flow regime and a rapid response to rainfall
[18]. Monitoring of hydrometeorology in the
Cikamiri sub-watershed area is still limited to manual
water level data, while water balance dynamics and
spatial risk mapping using physical parameters of the
area's soil and slope are still very minimal. Early
warning of hydrometeorological disasters is very
difficult in the Cikamiri sub-watershed area, which
has been identified as a contributor to potential
hydrometeorological disasters in Garut Regency.

Most research on the Upper Cimanuk River
Basin, particularly the Cikamiri Sub-Watershed, has
focused on a single aspect that does not represent the
entirety of integrated hydrometeorological disasters.
A multi-hazard approach at the river basin scale,
combining the principles of hydrology and river
basin geomorphology, can improve the early warning
system for hydrometeorological disasters [19].
Hydrometeorology depends on peak discharge
values and water availability in a river basin, which
correlates with a land area's ability to store water
[20]. FJ Mock is a simple rainfall-runoff model based
on water balance for tropical regions with limited
data on river basins [21]. The FJ Mock method can
be used as a water (hydrological) database for
determining integrated landslide and flood potential
using scoring methods and the Flash Flood Potential
Index (FFPI).

Table 1: Cimanuk watershed land-use change [22]

Land-Use Category Area in 2007 (ha) Area in 2016 (ha) Change (ha) Remarks
Dryland Agriculture 2,430.61 770.98 -1,659.63  Significant Decrease
Irrigated Land 1,926,78 2,064.18 +137.40 Increase
Residential Areas 1,728,56 1,816.38 +87.82 Increase
Table 2: Summary of measured impacts
Year Disaster Type Human Material/Physical Impact Estimated Source
Impact Economic Loss
2011 Flash Flood - 3 houses swept away - [12]
2014  Flash Flood - 720 houses submerged; 7 swept away; 35 - [23]
damaged
2016 Flash Flood & 34 dead; 19 Massive damage across 6 sub-districts IDR 288 billion  [24]
Mudslide missing
2023  Debris Flow - 6m x 20m retaining wall collapse; - [25]
Regency Road cut off
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The weighting of landslide cause factors is used to
combine historical data (solid material side of
sedimentation potential), vulnerability indicators and
performance indices so that it is not just a weighting
value [26]. FFPI is used to determine the basic
vulnerability of an area to flash floods caused by
rainfall occurring at that time [27]. FPPI is used
because it is capable of integrating static physical
parameters (slope gradient, soil type) with dynamic
parameters (rainfall and/or discharge). The
integration of these three methods involves changes
in land cover and hydrological dynamics that are
rarely found in river basin areas in West Java
Province, Indonesia. Therefore, this
hydrometeorological dynamics analysis offers a
spatial integration approach that is expected to
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provide early warning information on multiple
hazards at the watershed scale and support spatial
planning in Garut Regency.

2. Material and Methods

This analysis is divided into three main phases,
namely water availability estimation, land
degradation analysis, and flash flood hazard
modelling. The study area is located in the Cikamiri
Sub-DAS, Garut Regency, West Java, Indonesia
(Figure 1), covering an area of 6,258.68 ha.
Geographically, the Cikamiri Sub-Watershed is
located at 7° 7"30"S to 7° 15'0"S and 107° 41'30"E
to 107° 54" 0"E. The conditions of the watershed is
presented in Figure 2.
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Figure 1: Administration of the Cikamiri Sub-watershed

Figure 2: Current conditions of the Cikamiri Sub-watershed

International Journal of Geoinformatics, Vol. 22, No. 5, May, 2026
ISSN: 1686-6576 (Printed) | ISSN 2673-0014 (Online) | © Geoinformatics International



2.1 Water Table Balance and Discharge Analysis
The FJ. Mock method was used to estimate
discharge. The method is divided into eight main
steps as follows [28] and [29]:

1) Eastimation of potential evapotranspiration
(Ey)

2) Estimation of actual evapotranspiration (£5)

3) Determining the amount of rain at ground
level (Ds)

4) Determining the amount of soil moisture
(SMC)

5) Determining infiltration (7), between 0-1

6) Determining excess water in soil (water
surplus)

7) Determining groundwater content (V)

8) Determining changes in groundwater
content (DV,)

9) Estimation of total runoff which accum-
ulate base flow, direct runoff, and storm
runoff.

2.2 Data Source

Data required to estimate water availability using the
FJ. Mock method in Table 3, and the parameters used
in FJ Mock are listed in Table 4.

116

Soil Moisture Capacity, the maximum capacity of
soil to store water before it becomes surface runoff
or groundwater. If precipitation > SMC, then SRO =
0; if precipitation < SMC, then SRO = precipitation
multiplied by the percentage factor. Rainfall is part
of the hydrological cycle and is one of the most
important components in determining the surface
runoff coefficient. [30]. Rainfall values can be
calculated using data from climatological stations
close to the research location. To ensure that there are
no errors in the hydrological data, data consistency
tests can be carried out on the existing data results.
Data consistency tests can be carried out using
various methods, one of which is the RAPS
(Rescaled Adjusted Partial Sums) method [31].

2.3 Total Runoff Calculation
Total Runoff is the accumulation of base flow, direct
runoff and storm runoff. Total runoff (TRO) is
determined using Equation 1:

TRO = BF + DRO + SRO
Where:
BF = base flow (m*/s/km)
DRO = Direct runoff (Total Runoff) (mm/month)
WS = Water surplus
SRO = Storm runoff (mm/month)
TRO = Runoff for period n (m3/s/km?)

Table 3: Data source

No  Material Description Source
1 Climatology Data Evapotranpiration data Year 2016 — Metereology, Climatology and
(temperature, sunlight, wind 2025 Geophysiscs Agency of
speed) Indonesia

2 Rainfall Data

3 Digital Elevation Model Data

4 Land Cover Map

5 Soil Sample
permeability
6 Statistic Data

Year 2016-2025

Slope and Relief Data for Interpretation

2016 and 2025 Land Cover Map

Soil texture, organic matter and soil

Population growth data 2016 - 2025

from Metereology, Climatology
and Geophysics Agency of
Indonesia

Peta Rupa Bumi Indonesia
(Indonesian Topographical Map)
renewed by Google Earth 2025
Peta Rupa Bumi Indonesia
(Indonesian Topographical Map)
renewed by Google Earth 2025
Primary data

Indonesian Central Bureau of
Statistics

Table 4: FJ Mock parameter [32][33] and [34]

No FJ Mock Parameter Symbol Unit
1 Percentage Factor PF %
2 Infiltration Coefficient if -

3 Soil Moisture Capacity SMC mm
4 Exposed Surface m %
5 Initial Groundwater Storage 1GS mm
6 Recession Constant k -
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2.4 Discharge Calculation
Calculation of discharge based on the F.J Mock
method is defined in Equation 2:

0,=TRO % CA
Equation 2

Where:
O, = Amount of water available from the
source (m?/s)
TRO = Total Runoff (mm/month)
CA = Catchment area (km?)

2.5 Land Degradation and Erosion Modelling

The RUSLE method uses four calculated factors,
namely rainfall erosivity or surface runoff, soil
erodibility, slope gradient, crop management and
conservation [36], which are classified into erosion
hazard classes (very low — very high) for
conservation planning [36]. Calculation method
expressed in Equation 3:

A=R xK x LS x CP
Equation 3

Where 4 is the average annual soil loss (t.ha !.year™!
); R is the rainfall erosivity factor [M] mmh ' ha™.
year !, rainfall erosivity factor obtained from
calculations of high rainfall intensity over 10 years
[35] from the rainfall station in the Cikamiri sub-
watershed; K is the soil erodibility factor [metric tons
ha™!. Mj”' mm™ ] obtained from soil texture testing
samples; LS = slope length steepness factor, (ranges
0-1) obtained from DEMNAS (Digital Elevation
Model Nasional); LS constructed from digital
elevation model (DEM); and CP is the practice
support of land management (without measurements
ranging from 0—1) [36].

2.6 Surface Runoff and Landslide Asessment
Landslide susceptibility (LS) is influenced by the
factors namely rainfall (F,), rock type (£.), slope
length (Fy), land cover (Fi) and soil type (Fy).
Lanslide susceptibility map can be created from
overlaying all the five parameters susing map overlay
technique. In this study, Equation 4 is used to create
the landslide susceptibility map [37].

LS=03F,+02F; +03F; +02F,.+ 0.1F
Equation 4

The empirical parameter used to express the runoff
potential of an area is called the Curve Number (CN)
[38] The weighted CN value is obtained by
multiplying the land cover area by the HSG, and the
composite CN value is calculated by dividing the
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weighted CN by the total watershed area [39].
Meanwhile, impervious refers to impermeability, or
the area that is impermeable or unable to absorb
water or AMC [40].

2.7 Integrated Flash Flood Potential Indesx (FFPI)

The FFPI index assessment in this study used the
FFPI method developed by [41] research in the
Tamiang River Basin in Aceh, which is the latest
research in Indonesia to use the FFPI method in
analysing the potential for flash flooding. Given the
similar tropical conditions, it is assumed that the
research area has similar conditions. The first step
was to reclassify the parameters of flash flood
vulnerability based on the FPPI index assessment.
The FFPI index values for each parameter were then
processed using ArcGIS 10.4 software with the
Weighted Overlay Analysis method using the FFPI
value determined from Equation 5. The weighting of
each parameter is shown in Table 5.

16 FKL +34.1FAPI +349FCN +8.4FRGT

FFPI =
100
Equation 5

Where:

FFPI = Flash Flood Potential Index

FKL  =FFPI Slope

FAPI =FFPI API

FCN = FFPI Curve Number

FRGT =FFPI Landslide Prone

Table 5: FFPI classes and weights

Factor Weights  Classes L)L
Score
0-8% 1
8-15% 2
Slope 16 15-25% 3
25-40% 4
>40% 5
0-100 mm 1
API 34.1 100-150 mm 3
>150 mm 5
Curve 0-30 1
Number 349 30-60 3
60-100 5
Low 1
pnd 84 Medium 3
High 5
. Frozen 1
Eﬁggﬁ) o 6.5 Metamorphic 3
Sedimentary 5

Land movement is taken from the cumulative score
of landslides. The FFPI Index values produced in this
study range from 1 to 5, representing each
classification of flash flood vulnerability (very low to
very high) [42].
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The results of this assessment are presented in the
form of a flash flood vulnerability map with specific
scales and colours to clarify the elements displayed.

2.6 Spatial Justification and Flow Analysis
Justification was carried out to add the factor of
regional influence with high and moderate flash
flood vulnerability levels to the areas below that are
located on the slope. Justification was carried out by
comparing historical data on previous flash floods
[43]. This stage was carried out using slope direction
maps, contours and river boundaries to adjust land
use in the Cikamiri sub-watershed. The analysis
results used DEMNAS data to determine the
direction of flow in the event of flooding.

3. Results and Discussion

Land cover changes over the past 10 years, from
2016 to 2025, are illustrated in Figure 3. The
Cikamiri sub-watershed shows variability in land
cover or land use, which includes irrigated rice fields,
fields, mixed crops, water and agricultural structures,
residential and office buildings, and vacant land. The
largest change was in rice fields, which increased by
2.87% of the total area of the Cikamiri sub-watershed
or 31.54 ha, followed by food production needs in
Garut Regency. Settlements were the second largest
change, at 14.28 ha or 1.30% of the total area of the
Cikamiri sub-watershed. Settlements are growing
larger with population growth and the need for other
buildings for education, health, accessibility, and
other supporting buildings to improve community
welfare. The increase in rice field and settlement area
is an important indicator in spatial planning and land
cover prediction, showing the dynamics between
food needs and the need for permanent residence [44]
which must be managed to maintain soil and water
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conservation principles and mitigate the risk of
hydrometeorological disasters.

3.1 Rainfall and Water Balance

Rainfall in the Cikamiri sub-watershed was obtained
from three stations, namely Kapakan Station,
Ciroyom Station and Legok Pulus Station, using the
Thiessen method to obtain the average rainfall for the
area. The largest area of influence was dominated by
the Ciroyom Rainfall Station. The distribution of
rainfall in the Cikamiri Sub-DAS is illustrated on the
map in Figure 4. The analysis of average rainfall data
from 2016 to 2025 shows that the highest monthly
rainfall occurs in February at 374 mm/month and the
lowest average in August at 69.8 mm/month. There
is a significant difference between the month with the
highest rainfall and the month with the lowest
rainfall, namely 304.2 mm/month. Rainfall is one
component of the water cycle, when it falls directly
evaporates before reaching the earth's surface (soil)
[45]. High rainfall accumulation creates high
antecedent moisture conditions, keeping the soil wet
for a long time and reducing the interval between
rainfall and runoff. The exceptionally high rainfall in
February triggered historic flash floods in Garut
Regency. The weights of 0.3 for the rainfall in Table
6 was assigned based on the role of triggering factor
in FFPI [46]. Rainfall distribution shows that rainfall
intensity creates a large hydrological load on river
systems from the point of origin. Rainfall increases
from upstream to downstream, with distribution
influenced by topography and monsoons that
produce extreme rainfall intensity [47]. In headcut or
gully systems, increased inflow from upstream
increases the potential and kinetic energy of the flow,
causing erosion that correlates strongly with an
increase in sediment trapped downstream [48].
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Figure 3: Graph of land cover change in the Cikamiri Sub-watershed area from 2016 to 2025
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Table 6: Rainfall in the Cikamiri sub-watershed

g:::::/f;llar) Classification Score  Weights :cl :::: ?;IZ?; Percent(z:;;c;
(1]
< 2,500 Moderately wet 3 0.9 1,983.57 31.69
2,501-3,000 Very wet 4 0.3 1.2 3,354.32 53.59
> 3,000 Extremely wet 5 1.5 920.79 14.71
Total 6,258.68 100.00
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Figure 5: Fluctuations discharge in Cikamiri Sub-watershed

The 1.46 mm decrease in SMC reflects a reduction in
soil voids due to the conversion of land cover to built-
up land, which causes the soil to reach saturation
point more quickly. Extreme rainfall in February
coincided with declining SMC, and the soil was
unable to infiltrate water optimally. As a result, the
rain was directly converted into massive surface
runoff. According to Figure 5, it was found that the
highest average discharge occurred in February at
0.588 m3/s. The lowest discharge occurred in August
at 0.25 m’s. August was the driest month, as
indicated by the high evapotranspiration and low

International Journal of Geoinformatics, Vol. 22, No.

water surplus and runoff. The historical condititaons
of the Cikamiri sub-watershed have caused rainwater
to no longer be released slowly as baseflow, but
rather simultaneously as destructive peak discharge
at the mouth of the Cikamiri River. This peak and
low discharge align with monsoonal rainfall patter in
West Java. Northwest Monsoon brings maximum
precipitation between December-February and dry
season between June-August [49]. Land degradation
reduces the watershed’s natural regulation capacity
[50].
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3.2 Physical Characteristics of River Basin

The physical characteristics of a river basin are its
slope, soil and rock. Figures 6 to 8 show the
distribution of the physical characteristics of the
Cikamiri sub-watershed. Slopes with a gradient of
15-30% (moderately steep) cover the largest area in
the Cikamiri sub-watershed, with an area of 2,388.99
ha or 38.17% of the total area, with the most
moderately steep slopes in the upstream area. The
downstream area is mostly flat, which is a factor in
the potential for sediment and flooding to accumulate
in the downstream area. Moderate slope gradients are
most prevalent in the headwaters, increasing the
surface runoff factor on agricultural land cover and
buildings. The rock types in the Cikamiri Sub-DAS
are dominated by Rakutak volcanic rock (Qpr3) of
the Breccia, Andesite-Basalt type, covering an area
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of 3,371.50 ha, which is 53.87% of the total area of
the Cikamiri Sub-DAS. Volcanic rocks are highly
susceptible to landslides due to their tendency to be
brittle and prone to damage. When subjected to shock
or pressure changes, volcanic rocks can crack and
break easily, increasing the risk of landslides [51].
The dominant soil type in the Cikamiri Sub-DAS
area is Kambisol, covering a total area 0f4,629.18 ha
or 73.6% of the total area of the Cikamiri Sub-DAS,
indicating that almost three-quarters of the Cikamiri
Sub-DAS area is Kambisol soil. Kambisol soil is
prone to landslides due to its unstable structure and
low organic content [52]. The combination of slopes,
easily eroded rock and saturated soil types creates a
mechanism for concentrated water flow in river
valleys.
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Figure 6: Slope of Cikamiri Sub-watershed
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Figure 7: Rock type of Cikamiri Sub-watershed
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Figure 8: Soil type of Cikamiri Sub-watershed
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Figure 9: Erosion rate vulnerability of Cikamiri sub-watershed

3.3 Analysis of Erosion and Erosion Vulnerabilityas
Sediment Providers

Based on surface runoff parameters, slope gradient,
soil type and land cover, the distribution of erosion
potential is shown in Figure 9. The RUSLE
modelling results show land cover degradation in
non-forest upstream areas, mainly settlements or
open land, and that the middle area has a severe
erosion potential of 34.83% of the Cikamiri sub-
watershed area, or 2,179.6 ha (Table 7). The erosion
rate of the Cikamiri sub-watershed reached 38.55
tonnes/ha/year, six times higher than the T-Value of
cambisol soil, which is 3.08 — 15.42 tonnes/ha/year
[53]. The main factor in the percentage of erosion
potential is triggered by crop management and dry
agricultural land (C- Factor). The erosion potential
triggers a significant rate of soil loss, exceeding the
permissible erosion limit. The high erosion rate

provides a potential sediment load, and when peak
discharge occurs, the sediment will be transported.
The sediment increases the viscosity of the water and
transforms the flood into a debris flow (mudslide). A
smaller SMC value reduces the soil's ability to absorb
water and increases the overland flow.

Table 7: Erosion rate vulnerability area
of Cikamiri sub-watershed

Erosion Rate

Class Description (ton/ha/year) Area (ha)
I Slight <15 1,130.37
I Light 15-60 1,004.31
11 Moderate 60-180 503.47
v Severe 180-840  2,179.96
\ Very Severe >480 1,440.56
Total 6,258.68
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Table 8: Integrated geo-hazard area of Cikamiri sub-watershed

Class  Description

1 Minimal Risk

1I Low Risk

111 Moderate Risk

v High Risk

\ Extreme Risk

Score Area (ha)
1-2 624.93
3-4 1,242.06
5-6 1,892.61
7-8 1,428.84

9-10 1,070.23

Total 6,258.68

107°43'30"E 107°45'0"E 107°46'30"E

107°48'0"F 107°49'30"E

Bandung District

7°9'0"S

I Exveme Risk (Score 9-10)

7°1030"S

7°120"S

Garut District

7°1330"S

e ™ e 1

7°1030"S

Legok Pulus Rainfall St.

\ " Burung Sarang Obs. Post

7°1330"S

107°43'30"E 107°45'0"E 107°46'30"E

107°48'0"E 107°49'30"E 107°51'0"E

Figure 10: Integrated geo-hazard of Cikamiri sub-watershed

3.4 Integrated Geo-hazard Potential

The integration of slope stability parameters and
hydrological dynamics produces a comprehensive
multi-hazard risk map in Figure 10. The integration
of geo-hydrometeoroligical parameter reveals that
unstable slopes, erosion-causing sedimentation, high
soil saturation levels and extreme rainfall in some
parts of the region resulting the primary drivers of
peak discharge. Zones with extreme risk are the
result of an overlay between areas with high potential
for landslides and vulnerability to flash floods. Based
on the integration of extreme risks, the majority are
concentrated in the middle-downstream of the
Cikamiri Sub-DAS, mainly in the area along the
Cikamiri River with non-vegetated land cover and
slopes. Table 8 shows that the area of extreme risk
reaches 17.12% or 1,070.23 ha. Flow path analysis
confirms the topographical accumulation of risk
towards the outlet of the Cikamiri Sub-DAS,
ilustrating the potential for mudflow flash floods in
residential areas downstream of the Cikamiri Sub-
DAS. The accuracy of the model was validated by
historical disasters in 2016 and 2023 [25] and [54].
Historical locations affected were in areas of extreme
risk. This shows strong consistency in the points of
most severe damage. The integrated geo-hazard map
proves  that the  integration @ of  geo-
hydrometeorological parameters is capable of

mapping critical points with precision for the
purposes of disaster mitigation and spatial planning
in Garut Regency and the Cimanuk River Basin.

4. Conclusions

Based on the comprehensive assesment of
hydrological dynamics and geo-hazard risks in
Cikamiri Sub-watershed, the study leads to the
following primary conclusions and actionable
management recomendations:

1. Cikamiri Sub Watershed’s landuse change led
to  significant  potential  of geo-
hydrometeoroligical or geo-hazard potential.
Evidenced by the reduction of Soil Moisture
Capacity from 153.54 mm to 152.08 mm. The
interaction of extreme rainfall, steep slopes and
fragile lithology aggravate geo-hazard risks,
with severe erosion by 1,679.94 ha (26.84%)
and provides a potential sediment load,
transforms the flood into a debris flow
(mudslide).

2. The integrated multi-hazard assessment
identifies that the reaches 17.12% or 1,070.23
has extreme risks zone, with the highest
vulnerability concentrated primarily along the
main river corridors. The accuracy of this
spatial model is further validated by the 2016
and 2023 historical disaster.
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The ability to provide a spatial framework is a
key aspect of this study, which can be replicated
for disaster mitigation in areas with limited
observational data (data-scarce regions). Geo-
hazard potential maps serve as a crucial tool for
local authorities to refine spatial planning and
implement soil and water conservation
strategies, thereby preventing potential
flooding from turning into damaging or
destructive mudslides.

The practical limitations of this study
acknowledges that the analysis relies on model-
based simulations in a regional context where
data is scarce. Discharge estimates will be more
accurate following further validation through
continuous field measurements. Future research
is advised to utilise climate change scenarios to
dynamically project long-term risks and to
integrate assessments of communities’ socio-
economic vulnerability to develop more
holistic, community-based data-driven disaster
prevention planning model.
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