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 Conceptually, flood modeling can be done based on process and data availability (data 
driven model). The implementation of flood mitigation requires accurate data, which can 
be obtained from high resolution satellite imagery, vertical air photos and high-resolution 
Digital Elevation Model (DEM). Modeling using high accuracy DEM data can detect 
landforms in more detail. The objective of this research was to develop flood risk 
assessment using Topographic Wetness Index (TWI) method. Areas with high humidity 
indicated that the area was a flood hazard area. Flood spatial risk analysis used hazard 
mapping methods, vulnerability mapping and capacity assessment. The results obtained 
indicated that 8,838 ha area was in high flood hazard, while 9,780 ha was in moderate 
flood hazard and 7,652 ha was in low flood hazard. When incorporating the risk factors, 
12,898 ha areas was in high risk, 9,357 ha was in moderate risk, and 4,015 ha was in low 
risk. 
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1. Introduction 

Land form has an important role when studying the flood, 
because the shape of the land is one form of cross-section for the 
process of water flowing into the sea [1]. The areas that are most 
affected by flood are areas with flat reliefs and ramps. The 
indicators of flood-prone landscapes are in the form of flood 
plains, sea terraces, swamps and back swamps. Geomorphological 
flood areas are characterized by concave morphology or flat land 
forms associated with rivers, with winding and or meander flow 
patterns, as one area with potential flooding and this area needs to 
be mapped [2]. 

The research located in Karawang Regency was chosen 
because it met the criteria as a flood-prone area, which is located 
on a coastal area with slope characteristics < 2%. With an average 
rainfall of 200 mm per year, this study area is categorized as a flood 
hazard area [3]. The development of geospatial technology gives 
good hope because flood-prone areas can be determined more 
quickly, precisely and accurately. The use of DEM data is expected 
to provide efficiency in identifying and mapping flood-prone areas 
[4]. 

Several flood studies had been conducted using DEM SRTM 
(Shuttle Radar Topography Mission) data and topography maps at 
1:25,000 scale, including [5] and [6]. Some research on floods 
which is conducted by [7] and [8] use data DEM 15M radar, which 
is better than the DEM SRTM 30m resolution. The data used in 

this flood study, when used as a basis for making contours, would 
yield the accuracy of ± 10m or in the accuracy category of 
topography map scale 1: 25,000. Floods that occur in the study area 
are between 70 cm to 150 cm. If the flood research use DEM data 
with a precision of 10m, then the results of the research will not 
meet the standard accuracy. 

Flood research in this study used TerraSAR-X DEM data with 
high spatial resolution and could be an alternative as an accurate 
source of DEM data [9]. The high spatial resolution of the 
TerraSAR-X sensor provide access to surface heterogeneity on a 
better scale [10]. The method used in this study is the Topographic 
Wetness Index (TWI), which could provide an illustration of an 
area that have a high flood hazard potential by using the 
accumulation of flow and slope functions to display the potential 
flood basin area [11]. 

Flood risk was analyzed for spatial and temporal aspects of a 
flood event. Spatial aspects involved the location and coverage of 
floods, while the temporal aspect included the time of the flood 
event. Flood modeling could be carried out conceptually based on 
processes and models according to data availability (data driven 
models). Flood hazard modeling in paddy fields was assessed from 
the physical and hydrological conditions of the land supported by 
statistical data and the results of field surveys [12]. This approach 
was considered suitable for assessing flooding in paddy fields 
because it fitted to the facts in the field. Flood risk assessment was 
carried out by identifying three components, namely hazard, 
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vulnerability and flood exposure. The objectives to be achieved 
from this study were: 1. identifying and delineating flood hazard 
areas using accurate DEM in Karawang regency, and 2. analyzing 
the risk of flooding in paddy fields. 

2. Materials and Method 
2.1. Investigated field 

The research location was in Karawang Regency, West Java 
Province (Figure 1), which is geographically located in the north 
of West Java Province, between longitude 107o 02 '- 107o 40' BT; 
and latitude 5o 56 '- 6o 34' LS. The study area consisted of 30 
districts, 309 villages with land use dominated by technical 
irrigated paddy field (97,352 ha or 65.44%), and simple irrigated 
paddy fields (2,204 ha). Other land uses included fields (5,830 ha), 
yards (44,931 ha) and uncultivated (1,817 ha) (BPS 2016). The 
land use condition of Karawang Regency reflected the 
characteristics of the rice farming area and as a rice granary in 
West Java Province. 

 
Figure 1. The location of Karawang Regency, West Java. 

2.2. Materials and data used 

This research was carried out in three stages as follows: (a) 
preparation and data collection of the topography map and 

TerraSAR-X DSEM (TerraSAR-X DSM was exported to the 16 
bit geotiff and then imported into the ILWIS system), (b) data 
processing for identification of flood hazard areas with TWI 
(Topographic Wetness Index) method (through the fill sink 
process, flow direction, flow accumulation and compound index 
calculation which resulted in a wetness index), and (c) risk analysis 
and results validation, where risk analysis was preceded by an 
analysis of land physical vulnerability and vulnerability. Risk 
analysis was done by overlaying flood hazard maps with physical 
vulnerability maps and socio-economic vulnerability maps using 
ArcGIS software and generating risk maps. Validation was carried 
out by checking the modeling results at 20 points and confirming 
with the local government or the community at the observation 
points of flooded areas. The flowchart is shown in Figure 2. 

2.3. Flood Hazard 

Identification and delineation of flood hazard areas were done 
by recognizing damp areas using the Topographic Wetness Index 
(TWI) method. The result was a derivative map from processing 
DEM data under fixed conditions - steady state - using the flow 
and slope accumulation functions. The wetness index was a key 
variable that controls the hydrological process [13]. The TWI 
model described water trends that accumulated at certain points 
and local slopes which indicated the influence of gravitational 
forces on the movement of water [2]. A location that had a gentle 
slope would have a high wetness index and had a high potential for 
waterlogging. Conversely a location that had a steep slope would 
have a low wetness index, so the potential for flooding was also 
low. 

The wetness index was a key variable in the hydrological 
process. The wetness index value of more than 25 indicated that 
the area had a gentle slope so it had the potential for waterlogging. 
The value of the wetness index 12 in this study was assumed to be 
the inundation area boundary. If the wetness index was lower than 
12, it indicated an area with steep slope and had a low potential for 
flooding. 

 

Table 1. Types of data, data sources, analysis method and output. 

No. Research 
objevtive 

Data Data source Analytical method Output 

1. Identification 
and delineation 
of flood hazard 
areas 

Topographical map  
1:25000, DSM 
TerraSAR-X,high 
resolution satellite 
imagery,irigation 
network  map 

BIG, BPN, 
PJT2, DPKPP, 
field survey 

Topogra phic 
Wetness Index, 
(TWI), 
digitization,visual 
interpretation,  

Flood 
hazard map 

2. Flood risk 
analysis 

Flood risk map, 
high resolution 
image, flood 
history,rainfall 

Analysis 
results, BPS, 
DPKPP, PJT 
2, field survey 

GIS analysis, land 
physical 
vulnerability, 
socioeconomic 
vulnerability, 
overlay 
vulnerability map 

Flood risk 
map 
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Figure 2. Research flowchart. 

Withdrawal of flood inundation boundary areas was carried out 
through visual interpretation. The flood event attributes in the form 
of frequency data, inundation height and flood duration in paddy 
fields [14] were integrated into the flood hazard map [15]. Floods 
that occurred every year with a puddle duration of more than 7 days 
with an average height of flood water more than 70 cm, had the 
potential to become a flood hazard area with high criteria [16], as 
compiled in Table 2. 

Table 2. Criteria for classification of floods in paddy fields. 

Frequency/
year 

Average flood 
height (cm) 

Duration of 
inundation/day 

Criteria 

1 - 2 60 - 150 < 7 days Low 
2 - 3 60 - 150 7 - 14  days Moderate 
> 4 > 70 ≥ 15 days High 

2.4. Risk 

Vulnerability is a condition of reduced resilience due to the 
effects of floods that threaten lives, livelihoods, natural resources, 
infrastructure, economic productivity, and welfare. The 
relationship between danger and vulnerability, that vulnerability 
produces a risk or interaction between the level of vulnerability of 
the region and the threat of danger [17]. The impact of flood has 
risks that can cause damage and potentially cause losses, loss of 
security, and disruption of community activities [18]. The overlay 
method between flood hazard maps and vulnerability maps 
produced a risk map which was then classified into 3 classes, 
namely high risk, moderate risk, and low risk [19]. Risk criteria are 
arranged in a risk level matrix as in table 3. 

Table 3. Analysis of risk level matrix. 

 Pv1 Pv2 Pv3 
Sv (1) 3 4 5 
Sv (2) 4 5 6 
Sv (3) 5 6 7 

Pv = Physical vulnerability of land; Sv = Socioeconomic 
vulnerability. 

Source: analysis result 

3. Results and Discussion 

3.1. Flood Hazard 

The TWI process was through several stages:  

(a) Correction of depression / sink due to noise with the fill sink 
process (Figure 3). The results showed that the northern region 
had a low elevation value with the number of colors 0 to 50. 
The number of colors did not reflect the value moisture but 
represented the height of the area.  

(b) Flow direction process, where flow direction (Figure 4) spread 
throughout the study area which indicated that the study area 
was a potential area of flooding.  

(c) Flow accumulation, where the higher the value of flow 
accumulation was, the more likely the cell became a stream, 
regardless of the real conditions on the cell field in the form 
of rivers, ditches or irrigation channels (Figure 5). Values of 
flow accumulation were associated with the basin and or 
direction of gathering water flow. Large values were 
associated with high flow density. This function modeled the 
amount of accumulated water flow that occurred in a 
particular area, the value of water accumulation which was 
usually also identical to the actual hydrological flow in the 
field and this area had an indication of a flood-prone area. 

(d) The calculation compound index that produced wetness index. 
Locations that had a gentle slope had a high wetness index that 
gave a high indication of potential flood areas. Locations that 
had steep slopes, had low wetness indices that gave a low 
indication of potential flooding (Figure 6). The limit of the 
flood potential area was delineated in the wetness index of 12, 
and the flood hazard area map was the result of the integration 
of the TWI map by adding historical attributes to flood events 
(Figure 7). 

Figure 8, as a result of overlaying flood hazard maps with 
landform maps, showed that the majority of flood hazard areas 
were in the plain estuarine land. Overlaying flood hazard maps 
with slope maps showed that flood areas were mostly located in 
areas with slopes < 2% (Figure 9). The analysis showed that the 
flood hazard area covered 26,270 ha (Figure 10.), where 8,838 ha 
(part of Jayakerta district, Rawamerta district, Telukjambe Barat 
district and Telukjambe Timur) was in high flood hazard, 9,780 ha 
was in moderate flood hazard and 7,652 ha was in low flood 
hazard. 

3.2. Vulnerability 

Vulnerability to floods was classified in land physical 
vulnerability   and   socio-economic  vulnerability.  The   physical  

Topographic map 
1:25.000

DEM
TerraSAR-X

Topographic Wetness 
Index (TWI) / 

landforms

Administrative map, 
Landforms map, and 

Integration of flood attributes

Map of flood hazard 
area

Topographic
1.Elevation
2.Distance from the river
3.Land cover
4.Landforms

Socio-economic
1.Farmers family
2.Paddy field area
3.Area of flood inundation
4. Crop failure

Risk map

Physical vulnerability 
of land

Socioeconomic 
vulnerability

Indentification and deliniation
of flood hazard areas

Risk
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Figure 3. Fill sink. Figure 4. Flow direction. 
 

  
Figure 5. Flow accumulation. 

  
Figure 6. TWI Map. Figure 7. Flood Hazard Map. 

  

Figure 8. Landforms Map Figure 9. Slope Map 
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Figure 10. Flood Area. Figure 11. Land Physical Vulnerability. 

  

Figure12. Socio-economic Vulnerability. Figure 13. Risk Map. 

Table 4.Flood risk level. 

No. Districs Flood 
hazard 

Land 
physical 

Socio 
economic Risk Classified 

1 Batujaya 2.1 3.0 3.0 8.1 High 
2 Ciampel 2.2 2.1 2.1 6.4 Moderate 
3 Cibuaya 1.2 2.7 2.7 6.6 Moderate 
4 Cikampek 0.9 1.8 1.8 4.5 Low 
5 Cilamaya Kulon 1.3 2.4 2.4 6.1 Moderate 
6 Cilamaya Wetan 1.3 2.7 2.7 6.7 Moderate 
7 Cilebar 1.8 2.7 2.4 6.9 High 
8 Jayakerta 2.7 2.4 3.0 5.4 Low 
9 Karawang Barat 1.8 3.0 2.1 6.9 High 

10 Karawang Timur 1.8 2.1 2.1 4.2 Low 
11 Klari 1.3 2.1 2.1 5.5 Low 
12 Pakisjaya 2.7 2.1 3.0 7.8 High 
13 Pangkalan 1.3 3.0 2.4 6.7 Moderate 
14 Pedes 2.1 2.4 2.7 7.2 High 
15 Rawamerta 2.7 2.7 2.7 8.1 High 
16 Rengasdengklok 1.8 2.7 2.4 6.9 High 
17 Telukjambe Barat 2.5 2.4 2.4 7.3 High 
18 Telukjambe Timur 2.5 2.4 2.4 7.3 High 
19 Tempuran 2.2 2.4 2.4 7.0 High 
20 Tirtajaya 1.3 2.7 2.7 6.7 Moderate 
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vulnerability of the land was related to land use, height to sea level 
and distance to surrounding rivers. Physical susceptibility of high-
class paddy fields included Batujaya, Cibuaya, Cilebar, West 
Karawang, Pangkalan, Rawamerta, West Telukjambe and 
Tirtajaya districts had high physical vulnerability to land (Figure 
11). 

The socio-economic vulnerability of the community in the 
event of a flood was caused by a socio-economic system in which 
population lived [20]. Socio-economic vulnerability analysis took 
into account the number of affected farmer families, productivity, 
production losses, and economic losses incurred. The highest 
socio-economic vulnerability was in the flood areas of Cibuaya, 
Cilamaya Wetan, Cilebar, Rawamerta, Tempuran sub-districts 
(Figure 12). Areas that had high vulnerability could lead to a 
greater element at risk to be exposed to hazards and could increase 
the risk of flooding. 

3.3. Risk 

Floods that often occurred in research areas generally 
inundated paddy fields, because paddy fields were relatively lower 
than roads and settlements. For this reason, the flood research used 
GIS technology (Geographic Information System). Spatial 
integration with socio-economic data was carried out to create 
maps of land physical vulnerability and socio-economic 
vulnerability of farmers. Furthermore, analyzing the area of paddy 
fields that had a high risk of flood events. This relationship can 
simply be understood that the risk of flooding (Table 3) would 
increase if the level of hazard and the level of vulnerability were 
high. 

Based on the results of the analysis 12,898 ha of rice fields in 
the Batujaya, Cilebar district, Karawang Barat district, Pakisjaya 
district, Pedes district, Rawamerta district, Rengasdengklok 
district, Telukjambe Barat district, Telukjambe Timur district and 
Tempuran district was in high risk of flood, 9,357 ha was in 
medium risk and4,015 ha was in low risk (Figure 13). 

4. Conclusion 

Mapping of flood-hazard areas using high resolution DEM data 
with the TWI method was successfully implemented and gave 
good results. This research was intended to encourage the use of 
TerraSAR-X DEM for various flood research applications. At 
present, flood research is still using topographic map data of 1: 
25,000 scale. Conclusion of flood hazard mapping as follows: 

1. The results of the identification of flood hazards indicate that 
not all lowland estuaries were flooded. 

2. Areas with a slope of less than 2% are areas that have the 
potential to flood, in this study flood hazard areas were also 
identified in areas with slopes of more than 16%, with this 
method the basin area can be identified in more detail. 

3. Potential flood hazards include 26,270 ha, areas with high 
flood hazard 8,838 ha, medium flood hazard 9,780 ha and low 
flood hazard 7,652 ha. 

Flood events threaten the lives and livelihoods of the people, 
one of the livelihood sectors that is threatened by flooding is the 
agricultural sector. Farmer livelihood vulnerability will present the 
risk of flooding. Based on the results of flood risk research, it can 
be concluded that: 

1. High risk areas are Batujaya district, Cilebar district, 
Karawang Barat district, Pakisjaya district, Pedes district, 
Rawamerta district, Rengasdengklok district, Telukjambe 
Barat district, Telukjambe Timur district and Tempuran 
district covering an area of 12,898 ha. Medium risk 9357 ha 
and risk low of 4,015 ha. 

2. The understandable relationship is that the risk of flooding 
will increase if the level of hazard and vulnerability is high. 

3. Analysis of flood risk at the previous district level cannot be 
avoided, the equation for the accuracy of the basic data 
geometry used is very possible. 
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