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Abstract—Floods are a disaster that is very detrimental and has an extensive impact, so it needs to be managed. GIS conducted this 

research and a dynamic system to model flood hazards and vulnerabilities in Kijang, Bintan City, and analyze flood hazards and 

vulnerabilities, so the purpose of this research is to map Flood Vulnerability and Resilience in Coastal Areas. The method used in this 

research is the Qualitative Descriptive method. Qualitative Descriptive Analysis of Survey Data and Interviews with the Community 

The interview data is used to validate the flood hazard analysis. Superimpose analysis using GIS, resulting in the condition of each 

indicator. To obtain the infiltration map, rainfall data processing, contour maps, and soil type maps are needed. Using weighting and 

scoring, vulnerability analysis was then analyzed, resulting in a flood-prone map. The results of this study show that high inundation 

caused by uncontrolled land use and flood hazards strongly influences flood proneness when the regulations are implemented or 

adhered to. Scenarios 1 and 2 from human resources analyzed the policy's application of Regional Regulations, which significantly 

regulate land use control. Local regulations are vital in regulating land use control; therefore, less flood vulnerability will occur when 

implemented or adhered to. Contributed to the state of mind of local regulations by providing a clearer definition and understanding, 

the assessment will help develop detailed risk reduction, mitigation, and management plans in determining more appropriate flood 

resilience indicators for policymakers. 

Keywords—Floods; vulnerability; resilience; coastal zone; Geographic Information System (GIS); system dynamic. 
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I. INTRODUCTION

Floods that occur not only in Indonesia, but also 

experienced by countries around the world, which is a disaster 

that is very detrimental and has a very broad impact, so it must 

be appropriately managed [1]. Major floods occurred in the 

Mediterranean region and the Ligurian Sea coast, namely 

Liguria, Tuscany and Sardinia, the effects of weather 

characteristics, ground effects, and urban expansion in the 

region resulting in changes in hydro-geomorphological 

dynamics [2]. These floods are expected to have a higher 
flood risk when sea level rise occurs [3], [4], his is triggered 

by rapid economic and social development, which is not 

accompanied by appropriate and sustainable water 

management measures [5]. 

Factors that cause flooding include slope, infiltration rate, 

soil type, and land use. According to [6], in creating a spatial 

database, the data describing the factors that cause flooding 

include topography, geology, soil [7]. According to [8], 

modeling uses 11 factors that affect flood levels, namely 

rainfall, rainfall duration, peak rainfall, the proportion of 
roads, forests, grasslands, water bodies and buildings, 

permeability, catchment area, and slope. These factors are the 

hydrological review factors of an area. 

Another review of flood mitigation lies in water 

management, especially in the direction of policies in 

management is very necessary [9], and it is also very 

important to manage floods [10]. Flood management has been 

widely researched and evaluated by government agencies, 

academics, and the private sector. With good management, 
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flood mitigation can be carried out in a participatory manner 

by the community [11]. 

Accurate flood vulnerability mapping can provide 

meaningful insights to support flood mitigation and 

management [12]–[14]. Vulnerability itself is a state of being 

weak to hazards from exposure to stresses associated with 

environmental and social change, from the absence of 

capacity to adapt  [15]. The current phenomenon of 

vulnerability and unsustainable resource use is due to 

deforestation, biodiversity loss and pollution [16]–[19]. 
Vulnerability analysis is essential for assessing the risk of 

natural hazards, and provides insights into future needs in 

vulnerability assessment [20]. Flood vulnerability assessment 

is a highly appropriate method for improving resilience [21]–

[24], and for assessing mitigation measures [25] with the 

benefit of better understanding vulnerability to the impacts of 

each influencing factor [26]. 

Resilience is the ability to deal with disasters by having a 

system that is higher than the disaster risk. Post-flood 

resilience assessment aims to determine the impact of 

flooding in the area, the duration needed to recover, the 
development of a holistic framework for measuring security 

and resilience can be used by government authorities and 

development partners in planning and implementing 

mitigation and preparedness activities to manage and reduce 

hazard risks [27], it encourages the emergence of humans as 

a trigger, so that SDMs are placed as controllers and 

preparedness, assess changes over time, and build resilient 

communities [28]. 

Mapping using Geographic Information Systems (GIS) is 

needed to make it clearer, faster and thematic. Vulnerability 

mapping is an effective way to identify areas, the resulting 
flood hazard area maps identify areas and settlements at high 

risk of flooding [12], [14], [29], [30],   using GIS with 

Extensive Classification to define four major classes in the 

study area, including (i) water bodies, (ii) agricultural land, 

(iii) barren and urban land, and (iv) dense forest, in order to 

monitor land use change and its future prospects [31]. GIS 

software are used to simulate land use changes, land-use 

projections, accessibility trends to infrastructure, natural 

resources [32].  

Methods are needed to forecast the occurrence of disasters, 

especially floods, precisely to detect and predict information 

related to disasters and can minimize damage and more 
casualties [33]. According to [34], System Dynamics (SD) is 

a simulation modelling approach that represents the structure 

of complex systems through material and information 

feedback loops formed around stocks, flows, and additional 

variables. Systems thinking and soft operations research can 

help organize and guide the group processes that must occur 

when system dynamics interacts with people in actual 

systems. System dynamic models are useful in capturing 

complex human nonlinear effects on environmental systems  

[35]. 

Studies are conducted with dynamic, resilience-centered 
simulation models that provide a holistic representation of 

system components, various multi-hazard scenarios [36], 

SDMs work as managers who can implement appropriate 

strategies and policies in a timely manner to improve 

sustainability, being able to know what specific policies to use 

to add, adjust, or subtract [37]. Site-based assessments are 

effective for evaluating community performance over time 

and for decision makers, integrating resilience thinking into 

planning [38], but so far it is unclear the regulatory role used 

by stakeholders [39]. While results show that the proposed 

resource model is effective for risk assessment, management, 

and uncertain decision [40].  

Using hydrodynamic optimization models as a useful 

decision-making tool in visualizing trade-offs among flood 

management strategies [41]. So that it is sustainable [42], 

based on the resilience of several components with nonlinear 
interdependencies [36]. A holistic approach that integrates 

three indicators of social, economic, and institutional 

resilience, social and spatial interactions [43], and ecological 

environmental resilience [44]. 

This research was conducted by collaborating between 

Geographic Information System (GIS) and Dynamic System 

in modeling flood hazard and vulnerability in Kijang, Bintan 

City. Flooding is expected every time it rains heavily, causing 

high inundation. There are indications of high flood 

vulnerability with predictions of uncontrolled land use, so it 

is necessary to analyze flood hazards and vulnerability in real 
time to make a clearer map of existing conditions with policy 

direction analysis. 

II. MATERIALS AND METHODS  

A. Description of The Study Area 

The research was conducted in Kijang Kota Urban 

Village, East Bintan District 0° 56' 15'' to 104° 33' 29'' North 

latitude and 0° 48' 25'' to 104° 35' 30'' North latitude and 

Bintan Regency. Kijang City Kota was chosen because it has 

a diverse geomorphology, and has highland, lowland and 
coastal characteristics. Administratively according to Fig. 1. 

 
Fig.1  Location of the study Area, Bintan Timur Subdistrict, Indonesia 
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Kijang Kota Village is the smallest of the villages in East 

Bintan Sub-district with an area of 23.91 km2. This location 

was chosen because based on the survey, the location has a 

high flood vulnerability that needs to be studied for annual 

flood trigger variables. 

B. Data and Methods  

1) Primary data: It was collected from interviews on 

flood events with experts, namely BAPPEDA, the 

Environment Agency, the Riau Islands Central Statistics 

Agency (BPS), and local communities, then validated with 

data from the inventory of flood inundation, according to Fig. 

2. 

 
 

Fig. 2  Flood Inundation Height Location, Documentation 2021 

 

Figure 2 shows that the inundation height was 160 cm, and 

the inundation occurred along the upstream channel towards 

the downstream as high as 90 cm. 

2) Secondary Data: Annual rainfall data from BPS, 

processed to include infiltration calculations then to mapping. 

Physical vulnerability was conducted using GIS analysis. 5 

(Five) types of land use were identified namely, building land 

has an area of 531.2 Ha, vacant land 111.7 Ha, water 96.7 Ha, 

and shrubs 306.7 Ha. 

C. Research Instruments and Data Analysis Methods 

The instruments used in the research are hardware 

consisting of PC Computers and Printers. Software consists 

of ArcGIS 10 software, Microsoft Word, Anylogic software, 

excel and Digital Camera. Data analysis was carried out as 

follows: 

1) Qualitative Descriptive Analysis. The data from 

surveys and interviews with the community were used to 

validate the flood hazard analysis. Validation of data obtained 
from GIS data processing. Variables are topography, land use 

or land use, slope, rainfall, soil type, and flood hazard.  

2) Superimpose Analysis: This analysis used GIS, 

resulting in the condition of each indicator. In order to obtain 

the infiltration map, it is necessary to process rainfall data, 

contour maps, soil type maps. Overlay analysis approach 

using Geographic Information System (GIS) according to the 

procedure in Fig. 3. 

 

 

Fig. 3  GIS Flow Chat for Flood Prone Map Preparation  

 

Fig. 3 shows the results of flood vulnerability, flood hazard 

zone identification, and field data to identify potential hazard 

zones. Vulnerability analysis using weighting and scoring, 

then analyzed, resulting in a flood prone map [45]. The results 
of scoring, weighting, and parameter scoring are for flood 

hazard and infiltration rate (high, medium, and low), slope 0 

to 10, 10 to 20, 20 to 30, 30 to 40, and greater than 40 with 

the highest value 6 lowest 1. Very high rainfall with a value 

of 5, high with a value of 4, medium with a value of 3, low 

with a value of 2, and very low with a value of 1. Landuse 

water with a value of 5, vacant land with a value of 4, 

buildings with a value of 3. Shrubs with a value of 2, and 

forest with a value of 1. Soil type characteristics are fine with 

a value of 5, rather fine with a value of 4, medium with a value 

of 3, rather coarse with a value of 2, and coarse with a value 
of 1. 

3) System Dynamics Model (SDM): Systems Dynamic 

provides an understanding and as a tool to help make 

decisions, so that the level of regulation in reducing flood 

vulnerability is known and how long it takes to reach flood 

resilience conditions. The system dynamics approach is used 

to make it easier to see the factors that influence flood 

management and prevention, with the intervention of local 
government regulations as policy direction, built with the 

Causal Loop Diagram (CLD) in Fig. 4. 

 
Fig.4  CLD of local regulations on disaster vulnerability 

 

Fig. 4 explains the basic form of the dynamic system, the 

magnitude of the application of local regulations that have an 

impact on land use as a catchment area, on disaster 
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vulnerability. Based on Figure 4, it can be divided into three 

sub models, namely the land use sub model, the disaster 

vulnerability sub model, and the policy implementation sub 

model, related to controlling land use and disaster 

vulnerability. The next stage constructed CLD two, according 

to Fig. 5. 
 

 
Fig. 5  Open Causal Flood Vulnerability Dynamical System Model 

 

Fig. 5 shows the CLD of the physical submodel, explaining 

that the infiltration submodel is the effect of rainfall, soil type, 

and slope. The disaster-prone submodel is the effect of the 

infiltration, flood hazard, land use, and Per-Da submodels. 

The overall loop is strongly intervened by the application of 

Per-Da in minimizing the impact of land use and disaster 

prone. This is highly relevant to the solutions generated from 

the expert discussions. . It supports the next analysis by using 
policy as a dynamic system variable. 

The next stage based on information from literature and 

related research analyzes the theories, do to expand the 

boundaries and model the variables endogenously. This stage 

aims to describe the height of flood vulnerability using a 

system dynamics approach. Validity construction is 

performed on each variable and sub model. The validity 

process is carried out by entering the reference of each 

variable. There is an initial model of flood prone sub-models, 

policies in the form of Per-Da and land use. Next, it is 

constructed with the infiltration sub-model, thus obtaining an 
open causal model, illustrating that both sub-models get an 

effect condition from each sub-model. 

III. RESULTS AND DISCUSSION 

A. Results of Kijang Kota Village Profile Analysis 

Primary data analysis of geological conditions of rock 

types is mostly Goungon Formation and Granite. The 

dominance of the goungon formation is approximately 65% 

which is evenly distributed, there is also Andesite and 

Aluvium, which has a very low water absorption character, so 
this affects the length of inundation. Located at an altitude of 

36 m DPL. The dominant slope of 0 to 3% indicates a 

relatively flat topography, making it vulnerable to inundation 

conditions. Climatological conditions show an average 

temperature of 28 C°, an average wind speed of 30 to 40 

Km/day, analyzed to find the monthly average from 2016 to 

2020 that the highest Daily Maximum Rainfall occurs in June 

and July, and this is in accordance with flooding events that 

occur between June and July. 

B. GIS Superimpose Analysis 

The results of the superimpose analysis based on the 

weighting and ranking classification found that the flood 

hazard was 20%, the infiltration rate was 20%, the slope was 

10%, the rainfall was 20%, the land use was 20%, the soil 

texture was 10%. This shows that the parameters of flood 

hazard, infiltration rate, rainfall, and land use have the same 

influence of 20%. 

The analysis of rainfall is based on the classification of 

very high with a score of 5, high with a score of 4, medium 

with a score of 3, low with a score of 2, and very low with a 

score of 1. Analysis in the form of Geographic Information 

System (GIS) results analysis according to Fig. 6. 

 

 
Fig. 6  Rainfall Map of Kijang Kota Urban Village 

 

Based on Figure 6, that the analysis obtained 20%, which 

means that the effect of rainfall on prone to flooding is 20% 

of all parameters used. In accordance with the mapping results 

that rainfall is 2000 mm / year, with an even distribution. 

Compiled slope map attached in Figure 7.  

 

Fig. 7  Slope Map of Kijang Kota Village 

 

Using the classification of slope 0 to 10 is worth 6, slope 
10 to 20 is worth 5, slope 20 to 30 is worth 4, slope 30 to 40 

is worth 2, slope more than 40 is worth 1. The results show 

10%, meaning that the slope affects flood prone by 10%. Fig. 

7 shows the lowest slope is around the coast. Further analysis 

of slope to area resulted in a slope of 0 to 10 having an area 

of 8.2 Ha, a slope of 10 to 20 having an area of 160.8 Ha, a 

slope of 20 to 30 having an area of 803.6 Ha, a slope of 30 to 
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40 having an area of 201.8 Ha, and a slope greater than 40 

having an area of 19.7 Ha. The analysis shows that land with 

a slope between 20 and 30 is the largest land area, followed 

by a slope of 30 to 40 and a slope greater than 40. 

This means that the Kelurahan Kijang Kota area 

geographically tends to be difficult to retain water, because 

there is very little land surface that can be used to retain water, 

so that water from upstream goes directly to the lower area as 

a catchment area. Classification based on fine soil texture with 

a score of 5, rather fine 4, medium 3, rather coarse 2, and 
coarse score 1. The resulting weighting of 10% means that 

soil texture has a 10% influence on flood proneness. 

 

 
Fig. 8  Soil Type Map of Kelurahan Kijang Kota 

 

Fig. 8 shows that soil types tend to be the same, namely 

podzolic which has compact sand, sand, and clay sand 

material and is composed of an unconfined aquifer system, 

which does not absorb water easily. It is also said that the soil 
fertility of open pit bauxite mines is lower than that of natural 

forests in Indonesia. Organic carbon concentrations are also 

lower in open bauxite mine land than in natural forests [46], 

meaning the soil has very poor conditions for infiltration. 

 

 
Fig. 9  Infiltration Level Map 

Based on the analysis of infiltration rate, the low condition 

is 194.1 ha, the medium condition is 545.9 ha, and the high 

condition is 452.9 ha. Slope more than 40% has an area of 

19.7, 30 to 40 has an area of 201.8 Ha, 20 to 30 has an area of 

803.6 Ha, 10 to 20 has an area of 160.8 Ha, 0 to 10 has an area 

of 8.3 Ha.  The results of the land use analysis of buildings 

have an area of 531.2 Ha, forest 152.1 Ha, vacant land 111.7 

Ha, water 96.7 Ha, shrubs 306.7 Ha. The infiltration level map 

is shown in Fig. 9. 

The analysis was carried out on the results of weighting 
with a high classification with a score of 3, medium with a 

score of 2, and low with a score of 1. The results of the 

analysis show a weighting value of 20%, meaning that the 

level of infiltration has an influence of 20% on flood 

proneness in Kijang Kota Village.  

The next analysis is the weighting based on land use (land 

use), the classification of waters with a score of 5, vacant land 

4, buildings 3, shrubs 2, and forests 1. The results of the land 

use parameter weighting of 20%, indicate that land use has a 

20% influence on flood proneness. Analysis of land use 

ranking on the area, which is shown on Figure 10, with the 
building classification has an area of 531.2 Ha, the forest 

classification has an area of 152.1 Ha, the vacant land 

classification has an area of 111.6 Ha, the water classification 

has an area of 96.7 Ha, and the shrub classification has an area 

of 306.7 Ha.  

 

Fig. 10  Land Use Map 

 

Based on Fig. 10. shows that land with building designation 
dominates land use, in accordance with the results of previous 

weighting and scoring. The location of land use for buildings 

and shrubs is located almost along the coast. The results of the 

analysis show that the building area has a donated land use 

area, followed by shrubs, and forests. This shows that the 

influence of land use has a great tendency to cause flooding. 

C. Flood Hazard Analysis 

The analysis of the weighting of flood hazards with a high 
classification gives a score of 3, medium 2, and low 1. The 

result is a weight of 20%, which indicates that flood hazards 

have an influence on the occurrence of flood vulnerability by 

20% of all parameters used, attached Figure 11. 
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Fig. 11  Flood Hazard Map 

 

Figure 11 shows that the analysis of flood hazards based on 

area, namely the classification of low flood hazard areas has 

an area of 907.65 Ha, medium 197.11 Ha, and high hazard 

93.94 Ha. The results of the analysis show that the dominant 

low flood hazard is on slopes between 10 to 20 degrees in the 

form of inundation, while the medium hazard is on the coastal 

part of the Daik River estuary in the form of flooding due to 
back water, and the high hazard is located in the coastal area 

of the Enam River area, Tokojo Harbor, and the Tokojo Gas 

Engine Power Plant (PLTMG) environment. 

D. Flood Vulnerability Analysis  

The results of the flood vulnerability analysis based on the 

area are arranged with low conditions having an area of 

209.13 Ha, very low having an area of 13.05 Ha, very high 

having an area of 8.74 Ha, medium having an area of 679.06 
Ha, and high having an area of 282.52 Ha. The analysis shows 

that moderate vulnerability has the largest area, followed by 

high conditions, and low conditions. The flood vulnerability 

map is shown in Fig. 12. 

 

 
Fig. 12  Flood Vulnerability Map 

Fig. 12 shows that areas with very high conditions are in 

the Enam River area, Tokojo Harbor, and the Tokojo Gas 

Engine Power Plant (PLTMG) environment, in the form of 

runoff flooding due to back water. High conditions spread in 

areas less than 10 degrees in the form of inundation flood 

plains due to high rainfall, moderate conditions dominate 

flood-prone conditions spread in slope areas between 10 and 

20 degrees indicated due to inundation flooding, low on 

slopes of 20 to 30 and very low conditions on slopes of 30 to 

40.  
Based on land use, in the form of buildings or built-up 

occupies the highest area of 44% of the total area, but with 

shrubs 26%, which has the second area, a direction can still 

be pursued based on the policies of the Riau Islands Province 

Regional Regulation, Number 1 of 2017, concerning the 

Regional Spatial Plan of Riau Islands Province, 2017-2037. 

So, this regulation will be used as a parameter for the next 

analysis. Policy direction for increasing flood resilience is 

based on the results of GIS, obtained identification of 

hazardous and flood-prone locations, the next stage we 

conduct an analysis to achieve flood resilience by compiling 
a dynamic system concept in Fig. 14. 

E. Dynamic System Analysis as a Policy Direction for 

Increasing Flood Resilience 

The solution uses Regional Regulation as a variable in the 

dynamic system, functioning as a land use control 

intervention, in order to create flood resilience conditions. 

The result of System Dynamics Model (SDM) is attached as 

Fig. 13. 
 

 
Fig. 13  Scenario 1 

 

Figure 13 shows that the scenario in year 1 (First) of the 

Regional Regulation (Per-Da) was implemented, the rainfall 

scenario increased, resulting in an increase in land use area, 

resulting in increased infiltration, and successfully reducing 

disaster prone areas. But during year 2 (two), with the Per Da 

scenario starting to be disobeyed, and rainfall increasing, 

there was a decrease in the area of water-capturing land, 
infiltration began to stabilize, and disaster prone began to 

increase. Furthermore, it was constructed again, with a 

different scenario according to Fig. 14.  
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Fig. 14  Scenario 2 

 

Based on Fig. 14, it shows that the scenario analyzed within 

10 (ten) years, although soil infiltration is scenario to 

decrease, but disaster vulnerability may decrease because Per 
Da (Governor's regulation) is strictly implemented, so that 

land use increases. The modeling results of scenarios 1 and 2 

analyzed according to Figures 12 and 13 show the dynamic 

system in the loop, analyzed rainfall conditions are considered 

to be increasing in the first 3 years. The Regional Regulation 

began to be implemented and experienced a reduction in 

violations in the first year to the next 3 years, although 

infiltration was getting smaller, it had an impact on increasing 

land use as a catchment area and reducing flood vulnerability.  

IV. CONCLUSION 

The data from the expert interview and survey, resulted in 

the initial characteristic that the location occurs flooding with 

high inundation caused by uncontrolled land use. The results 

of the flood hazard analysis show that the dominant low flood 

hazard is on slopes between 10 to 20 degrees in the form of 

inundation, medium hazard is on the coastal part of the Daik 

River estuary in the form of flooding due to back water, and 

high hazard is located in the coastal area of the Enam River 

area, Tokojo Harbor, and the Tokojo Gas Engine Power Plant 
(PLTMG) environment.  

The results of the flood vulnerability analysis show areas 

with very high conditions are located in the Sungai Enam, 

Tokojo Harbor, and Tokojo Gas Engine Power Plant 

(PLTMG) areas, in the form of runoff flooding due to back 

water. High conditions spread in areas less than 10 degrees in 

the form of inundation flood plains due to high rainfall, 

moderate conditions dominate flood-prone conditions 

scattered in the slope area between 10 to 20 degrees indicated 

due to inundation flooding, low on slopes of 20 to 30 and very 

low conditions on slopes of 30 to 40. 
Based on the above two points, a policy direction was 

prepared with the intervention of the application of the current 

Per-Da, analyzed by SDM, resulting in scenarios 1 and 2 that 

the application of policies in the form of Regional Regulations 

plays a very important role in regulating land use control, so 

that the more Per-Da is applied or adhered to, the less flood 

vulnerability will occur. This study has contributed to the gap 

in the role of Per Da in providing a clearer definition and 

understanding, such an assessment will help develop detailed 

risk reduction, mitigation and management plans, assisting in 

determining more appropriate flood resilience policy 

development indicators. This research recommends that the 

full involvement of policy makers in the development of 

model policies and cooperative strategies to mitigate and 

strengthen adaptation to disaster risks.  
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