
Vol.:(0123456789)1 3

Arabian Journal of Geosciences (2023) 16:568 
https://doi.org/10.1007/s12517-023-11664-y

ORIGINAL PAPER

Employing a local framework and GIS to evaluate the flood risk index 
maps of Makassar City, Indonesia

Poppy Indrayani1   · Ibrahim Djamaluddin2,3   · Yue Cai4 

Received: 3 June 2022 / Accepted: 29 August 2023 / Published online: 21 September 2023 
© Saudi Society for Geosciences and Springer Nature Switzerland AG 2023

Abstract
Flooding is a prevalent natural disaster in major cities throughout Indonesia. Over the past decade, Makassar City 
has experienced a severe increase in flood risk due to rapid and poorly controlled urbanization, as well as significant 
environmental degradation. The lack of reliable country-level flood hazard mapping at the sub-district level, cou-
pled with limited local information and inadequate urban flood mitigation planning, further exacerbates the risk for 
residents. This paper aims to evaluate the vulnerability of social, physical, economic, and environmental aspects in 
the impacted areas of Makassar City to floods. The study employs a local methodological framework and geographic 
information system (GIS) to discern differences in flood risk levels across various areas. Leveraging available sta-
tistical and spatial data from the major flood that occurred in 2013, the research utilizes GIS spatial and temporal 
analysis to generate individual indicators and scores them using relevant parameters for vulnerability assessment in 
the local context. By combining the spatial parameters of the vulnerability index and flood hazard index, the study 
analyzes each component of the risk index and creates an overall risk index map. The distribution forms of specific 
risk levels and the percentage of risk areas for each sub-district are then examined. This analysis provides valuable 
insights to the local government, enabling better urban risk mitigation planning and accurate prioritization of neces-
sary actions for each zone in Makassar City.
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Introduction

Flooding is the most common natural disaster in Indone-
sia (Parasati 2013; Riyanti et al. 2017). According to the 
National Disaster Management Agency (BNPB) in 2016, 
there were more than 1800 major natural disasters in the 
period 2005 to 2015, accounting for more than 78% of 
the total number of flood disasters. Floods have signifi-
cantly impacted numerous communities, particularly in 
the urban areas of developing countries (Monirul et al. 
2003; Rufat et al. 2015; White 2008). Makassar is one of 
Indonesia’s major cities and a part of the Association of 
Southeast Asian Nations (ASEAN) Smart Cities Network 
(ASCN), aimed at improving the quality of life through 
infrastructure and promoting a healthy and sustainable 
environment. The local government of Makassar City is 
taking steps to prevent annual flood problems through an 
integrated approach to urban drainage spatial planning at 
the sub-district level.
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However, the rapid and unprecedented growth of cities 
has also brought environmental challenges, including urban 
flood disaster management (Ehrlich and Holdren 1971; 
Kim and Gim 2020; Meydelin and Dyah 2020). Flood 
incidences in Makassar City are perennial occurrences and 
have been increasing in severity during the past decade 
due to its geographic location, rapid and poorly controlled 
urbanization, combined with severe environmental deg-
radation (UN-Habitat 2014). According to data compiled 
by the Regional Disaster Management Agency (BPBD) 
in 2014, one of the major floods that occurred in January 
2013 affected over 100,000 people overall and covered an 
area of around 3000 hectares. Urban flooding in develop-
ing countries is a common occurrence that seems to be 
worsening for several widely recognized reasons. Although 
several factors might lead to flooding, the first thing that 
typically triggers it is a high-intensity rainfall event, either 
directly over the city or in its catchment (Rana and Routray 
2018). Increased urbanization, reduced water retention 
capacity, outdated urban drainage design, blocked drains, 
and land subsidence exacerbate the impact of increased 
river discharges and resultant flooding (Hoyer et al. 2011). 

Additionally, flooding in coastal areas is frequently a two-
directional occurrence with floods from the sea during high 
tide events and storm surges paired with upstream flooding 
from river flow (Sandhyavitri et al. 2019).

Numerous methodologies have been proposed for 
flood hazards and risk studies. Tehrany et al. (2014a) 
applied the combination of weights of evidence and a 
support vector machine model for flood vulnerability 
mapping. Moreover, Tehrany et al. (2014b) integrated 
bivariate and multivariate statistical models for flood 
susceptibility analysis. In another study, Tehrany et al. 
(2015a) employed the support vector machine and fre-
quency ratio method for flood susceptibility analysis and 
verification. Tehrany et al. (2015b) used a GIS-based 
support vector machine model with different kernel types 
to assess flood susceptibility. Hu et al. (2017) utilized 
disaster risk theory and a risk assessment index sys-
tem, along with the GIS-based AHP method, for flood 
risk assessment in Fangshan District, Beijing, China. 
Ngo et al. (2018) studied the hybrid swarm-optimized 
multilayer neural network to predict flash floods using 
sentinel-1 SAR (synthetic aperture radar) imagery and 

Fig. 1   Location map of Makas-
sar City and boundaries of 
flood-impacted districts



Arab J Geosci (2023) 16:568	

1 3

Page 3 of 25  568

geospatial data. Ghosh and Kar (2018) employed the 
Analytic Hierarchy Process (AHP) model to map flood 
hazards in the Malda district of West Bengal, India. 
Darabi et al. (2019) compared machine learning tech-
niques, such as the Genetic Algorithm Rule-Set Produc-
tion (GARP) and Quick Unbiased Efficient Statistical 
Tree (QUEST) models, to map the risk of urban flooding. 
Dano et al. (2019) used GIS-based analytical network 
for f lood susceptibility mapping in Perlis, Malaysia. 
Khosravi et al. (2019) compared multi-criteria decision-
making analysis and machine learning methods for flood 
susceptibility modeling. Chen et al. (2020) studied flood 
susceptibility modeling using a data-driven approach 
with the naive Bayes tree, alternating decision tree, and 
random forest methods. In the eastern Hindu Kush, Paki-
stan, Ullah and Zhang (2020) used frequency ratios to 
determine flood susceptibility areas. Roy et al. (2021) 
assessed the flood risk of the sub-Himalayan Jalpaiguri 

region using a multi-criteria decision approach to pre-
pare the flood susceptibility, vulnerability, and flood 
risk maps for the study area. With the advancement of 
computer science, artificial intelligence (AI) is being 
incorporated into many fields and applied for flood risk 
mitigation (Kasuni et al. 2021; Wang 2021; Zalnezhad 
et al. 2022). Additionally, Bose and Mazumdar (2023) 
applied the Integrated Valuation of Ecosystem Services 
and Tradeoffs-Urban Flood Risk Mitigation (InVEST-
UFRM) model to understand the flood-like situation and 
find possible mitigation measures in the city of Kolkata. 
Iqbal et al. (2023) generated a high-resolution digital 
terrain model (DTM) based on unmanned aerial vehicle 
(UAV) photogrammetry and used a two-dimensional (2D) 
hydrodynamic model (HEC-RAS) to simulate flood pro-
cesses in a floodplain environment of the Jamuna River 
in northern Bangladesh. Sahraei et al. (2023) developed 
a novel hybrid GIS-based multi-criteria decision-making 
approach for flood susceptibility analysis. However, it is 
worth noting that most of these studies primarily focus 
on statistical approaches for flood risk prediction, while 
paying less attention to overcoming the challenges posed 
by data limitations, illustrating real-world cases, and 
accurately defining flood risk zonation based on actual 
flood events.

In most cases, risk has been defined in relevance to 
the needs of various sciences that require disaster man-
agement methods (Adger and Kelly 1999; UNDP 2004). 
Many vulnerability frameworks aim to analyze vulner-
ability factors using mathematical statistics of histori-
cal disasters, coupling models, and method-based spa-
tial analysis (Rehman et al. 2019; Chang et al. 2021). 
In general, flood risk assessment relies on mathemati-
cal models to establish the likelihood of a given event 
occurring with a certain degree of intensity in a specific 
location (Cutter and Finch 2008; Ahmad and Simonovic 
2013). The use of geographic information system (GIS) 
can offer an advantage by synthesizing data and provid-
ing essential mapping of spatial relationships between 
hazards and vulnerabilities and the components at risk 
(Longley et al. 2001). The flood risk assessment map 
provides a general perspective of the region, indicating 
the likelihood of a flood tragedy occurring in particular 
locations (Dintwa et al. 2019). The central government 
of Indonesia provides a flood risk assessment map at the 
city level using three categories of risk (BNPB 2016). 
However, the study scale is small, and the areas plot-
ted under each category are far too vague and broad to 
be useful in determining the flood risk in specific loca-
tions within a city (Siagian et al. 2014). Furthermore, the 

Table 1   Flooded districts and the percentage areas for each sub-district

District Sub-district

Name Area (ha) Name Area (ha) Area (%)

Manggala 2210.75 Bangkala 375.75 17
Tamangapa 763.5 34
Manggala 350.25 16
Antang 531.25 24
Batua 190 9

Tamalanrea 3889 Tamalanrea Indah 503.25 13
Tamalanrea Jaya 375.5 10
Tamalanrea 389.25 10
Kapasa 669.25 17
Parangloe 1080.25 28
Bira 871.5 22

Rappocini 613 Gunung Sari 375.25 61
Karunrung 131.5 21
Kassi Kassi 106.25 18

Panakkukang 927.5 Pampang 334.25 36
Panaikang 304.25 33
Paropo 127 14
Tello Baru 162 17

Tallo 500.5 Buloa 95.25 19
Tallo 62.75 13
Lakkang 342.5 68

Biringkanaya 2021.25 Paccerakkang 750 37
Sudiang Raya 647.5 32
Sudiang 623.75 31
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Fig. 2   Flood hazard index map 
generated from flood measure-
ments in 2013

Fig. 3   Research methodology 
flowchart
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lack of district and sub-district level information, along 
with the need for effective land use planning, flood early 
warning systems, and budget constraints, presents sig-
nificant obstacles to flood hazard mitigation in develop-
ing countries.

In this study, we evaluate the vulnerability of social, 
physical, economic, and environmental aspects in the 
impacted areas in Makassar City to floods in 2013. Our 
aim is to discern the extent of flood risk level differences 
across the sub-districts. To address the challenges men-
tioned earlier, we propose a methodology to map flood 
hazard zones at the district and sub-district levels. The 
analysis includes assessing the distribution of specific 
risk levels and their percentage risk regions within each 
sub-district. The specific indicators are generated using 
GIS spatial and temporal analysis based on the avail-
able statistical data and geographical data from the same 

time period, in accordance with the local methodologi-
cal framework and methodology relevant to vulnerability 
assessment in Indonesia. Additionally, to establish proper 
baseline measurements for spatial planning strategies at 

Fig. 4   Conceptual framework 
for estimating vulnerability in 
the local context as a critical 
component of flood risk

Fig. 5   Risk index qualitative rating legend and illustration of risk levels
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the sub-district level, the GIS analysis based on the grid-
mesh system determines the components and composite 
risk index levels, along with the location and percentage 
of risk regions. This approach will enable the local gov-
ernment to plan for disaster mitigation more precisely, 
focusing resources on areas with actual risk, leading to 
lower mitigation and early warning system costs.

Material and methods

Study area

Characteristics of flood threat

Makassar City is located on the southwestern coast 
of the island of South Sulawesi. Based on the statisti-
cal demographic data provided by the municipality in 

2012, the population reached approximately 1.4 mil-
lion people, with an average population growth rate of 
about 1.5% over the last 10 years. The city’s topography 
includes flat areas with a slope of 0–2° and undulating 
land with a slope of 3–15°, comprising lowlands at an 
altitude ranging from 0 to 40 m above sea level. Due to 
topography conditions, many areas regularly experience 
flooding during the rainy season, especially when heavy 
rainfall coincides with rising tide. The Tallo rivers pri-
marily run through the city, covering around 81% of the 
watershed area. The watershed area of the river is about 
407 km2, originating at a ground elevation of approxi-
mately 725 m, and the length of the main river is approx-
imately 72 km. Tallo river f lows through the coastal 
area of Makassar City, passing through the districts of 
Manggala, Panakukang, Rappocini, Tallo, Tamalanrea, 
and Biringkanaya (Fig. 1). The riverbank in its natural 
state without flood control measures. The widespread 

Fig. 6   Classification definition 
of potential impacts according 
to the BNPB

Fig. 7   Individual indicator 
values for each component of 
vulnerability
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residential developments in the Tallo watershed have 
contributed to significant rainfall-induced surface water 
f low and the problem of groundwater intrusion. As a 
result, floods caused by increased surface water flow are 
spreading to more sub-districts. Historical records show 
that from 1979 to 2013 the city witnessed the maximum 
rainfall with an average value of 156.4 mm per day. Gen-
erally, floods occur from December to February, which 
is the period of the highest rainfall every year. The over-
flow of the Tallo river, the inability of the water catch-
ment area to absorb the volume of surface water, and the 
lack of areas with a drainage system are major factors 
contributing to flooding.

Flood hazard index map

Makassar City, predominantly comprising the districts 
of Biringkanaya, Tamalanrea, Tallo, Manggala, Rappo-
cini, and Panakukkang, experienced floods in January 
2013. Table 1 shows the names of the flood-impacted 
districts and the estimated percentage areas of the sub-
districts. The first flood hazard map for Makassar City 
was created in 2013 through a coordinated survey con-
ducted by the municipality and the BPBD. The map uti-
lized data from site measurements taken in 2013 and 
records of previous flooding incidents in the city. It was 
constructed based on two primary factors: the likelihood 

Table 2   Index conversion 
parameters for social 
vulnerability indicators

Parameter Code Weight (%) Value Score

Low Medium High

Population density (inhabits/km2) E1 60  < 500 500–1000  > 1000 Xj

Percentage of poverty (%) E2 10  < 20 20–40  > 40
Percentage of ages (%) S1 10
Percentage of gender (%) S2 10
Percentage of disability (%) R1 10

Table 3   Index conversion 
parameters for physical 
vulnerability indicators

Parameter Code Weight (%) Value Score

Low Medium High

Houses (in million rupiah) S3a 40  < 400 400–800  > 800 Xj
Public facilities (in million rupiah) S3b 30  < 500 500–1000  > 1000
Critical facilities (in million rupiah) S3c 30  < 500 500–1000  > 1000

Table 4   Index conversion 
parameters for economic 
vulnerability indicators

Parameter Code Weight (%) Value Score

Low Medium High

Productive land (e.q., paddy field, garden field) 
(in million rupiah)

E3 60  < 50 50–200  > 200 Xj

Land resource base (PDRB) (in million rupiah E4 40  < 100 100–300  > 300

Table 5   Index conversion 
parameters for environmental 
vulnerability indicators

Parameter Code Weight (%) Value Score

Low Medium High

Protected forest (ha) E5a 40  < 20 20–50  > 50 Xj
Natural forest (ha) E5b 40  < 25 25–75  > 75
Mangrove (ha) E5c 10  < 10 10–30  > 30
Shrubs (ha) E5d 10  < 10 10–30  > 30
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of a threat (border f looded areas) and the severity of 
impacts (f lood depths) documented from previous 
yearly flood catastrophes (UNISDR 2017). This flood 
hazard map aimed to provide highly accurate city-scale 
flood hazard maps in Eastern Indonesia. In this study, 
the established flood hazard map is translated into five 
danger classes (very low, low, moderate, high, and very 
high) based on the local context (Fig. 2). This transla-
tion allows for the creation of a flood hazard index map 
that is comparable in dimensions and suitable for use in 
spatial risk analysis.

Risk analysis

Flood risk calculation

Flood hazard risk, in the most general terms, is often 
defined as the likelihood (or probability) of a f lood 
hazard event happening multiplied by the expected con-
sequence if a flood hazard event occurs. In the flood 
risk index, risk is defined as the potential for negative 
impacts resulting from a flood hazard (Chen et al. 2013). 
The risk equation comprises two components: a flood 
hazard component and a vulnerability component. Vul-
nerability serves as the consequence-enhancing factor, 
measured by the anticipated loss of property value, popu-
lation, and/or agricultural value. Demographic factors are 
examined to assess the social community’s susceptibil-
ity to flood hazards, as well as its ability to prepare for, 
adapt to, and recover from their effects (Cutter 1996; 
Cutter et al. 2003). Preparation of the risk calculation 
index requires the local context framework and spatial 
analysis (Flanagan et al. 2011; Muller et al. 2011; Bigi 
et al. 2021). In this case study, the calculation model 
of flood risk considers the local methodological frame-
work and approach provided by the BNPB (Fig. 3). This 

approach acknowledges that vulnerability has specific 
spatial, socio-economic-demographic, environmental, 
and physical contexts, which pose challenges to mod-
eling vulnerability as part of risk evaluation and risk 
management in the context of disaster risk management 
in Indonesia (Fig. 4). It fulfills the need for standards in 
estimating vulnerability as a critical component of risk 
evaluation in Makassar City.

Scores and ratings

In the risk calculation, each component is represented 
by a unitless index score at the same level (Schmidtlein 
et al. 2008). These scores, one for hazard and another for 
vulnerability, are combined to calculate the overall flood 
risk index score, measuring the flood risk to all vulner-
ability components. Additionally, the risk index score is 
provided as both an overall score from the summation of 
all vulnerability components and as scores where each 
vulnerability component is considered separately. The 
calculations are conducted separately at the sub-district 
level, making the scores relative only within their level. 
All individual indicator scores are constrained to a range 
from the lowest to the highest possible value (Spielman 
et al. 2020). To achieve this range, the values of each 
component undergo rescaling using min–max normali-
zation, preserving their spatial distribution while sim-
plifying analysis. For every score, a qualitative rating 
is assigned, describing the nature of the vulnerability 
component score compared to all other components 
at the same level. This qualitative assessment ranges 
from “Very Low” to “Very High” and provides valuable 
insights into the vulnerability component’s relative posi-
tion among the others. Because all ratings are relative, 
there are no specific numeric values that determine the 
rating. For instance, a physical vulnerability score could 
be 0.5 with a rating of “relatively low,” while its social 
vulnerability score may be 0.7 with a rating of “very 
low.” The ratings are intended to classify values for spe-
cific vulnerability components in relation to all other 
components at the same level. The finalized cluster of 
the lowest scores is assigned the rating “very low,” the 
next lowest cluster receives a rating of “relatively low,” 
and so on. In the application’s maps and data visualiza-
tions, color schemes have been applied to represent the 
qualitative ratings. The risk index ratings use a diverging 
blue (very low) to red (very high) color scheme. Rat-
ings for social vulnerability, physical vulnerability, eco-
nomic vulnerability, and environmental vulnerability use 
sequential color schemes. In general, darker shading in 

Population data 
Administration 

boundary (sub-district) Urban distribution area

Analysis of urban 
distribution area at each 

sub-district

Analysis of population 
distribution data at each 

sub-district

Scoring parameters 
based BNPB

Social vulnerability 
score

Fig. 8   Flowchart of GIS analysis for calculating the social vulnerabil-
ity score
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Fig. 9   Scoring of individual indicator maps for the social vulnerability component
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the map layers represents a higher contribution to overall 
risk. When source data are not available, or a score can-
not be calculated, additional ratings are used and shown 
in white. The color schemes are shown in Fig. 5 with 
illustrative examples and rating categories. Scores of 0 
(zero) or null values in the flood risk factors receive no 
ratings to reflect the logic behind the risk score. An area 
where the risk is zero either has no building value, popu-
lation, or agriculture value exposed to the flood hazard. 
These areas are displayed in the application as having no 
expected risk. Furthermore, Fig. 6 shows the classifica-
tion definition of potential impacts for the local context.

Vulnerability analysis

Individual indicators

The risk index assessment is based on four components: 
social vulnerability, physical vulnerability, economic 
vulnerability, and environmental vulnerability. Each 
vulnerability component contributes to either the likeli-
hood or consequence aspect of risk (Hufschmidt 2011; 
Tate et  al. 2021). The individual indicators for each 

vulnerability component are summarized in Fig. 7. This 
local framework guides systematic assessments of vul-
nerability by considering key factors and various spatial 
dimensions: (1) Exposure (E) is calculated by consider-
ing the density of the population per sub-district area 
(E1), the percentage of the population under poverty 
(E2), the land resource base (E3), the extent of pro-
ductive land (E4), and the percentage of the vegetation 
cover (e.g., protected forest, natural forest) (E5); (2) 
susceptibility (S) is calculated by considering the per-
centage of the number of children under five years old 
or elderly above 65 years (S1), the percentage of women 
per sub-district area (S2), and the number of buildings 
related to their structural value and importance (S3); 
and (3) resilience (R) is calculated by considering the 
number of disabled individuals (e.g., homeless, literacy 
rate, and handicap) for lack of resilience (R1).

Social vulnerability

The social vulnerability score represents the relative 
level of social vulnerability for a given sub-district 
compared to all other sub-districts at the same level. 

Fig. 10   Social vulnerability 
score
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A higher social vulnerability score indicates a higher 
risk. The indicators used for social vulnerability include 
population density, percentage of poverty, percentage of 
age, percentage of gender, and percentage of disability. 

The index of social vulnerability is derived from the 
average weight of population density (60%), and the 
weight of social sensitivity (40%), which consists of 
percentages of poverty (10%), age (10%), gender (10%), 
and disability (10%). Index conversion parameters are 
described in Table 2. For practical implementation, the 
score is normalized by dividing the vulnerability value xj 
by the number of vulnerability items, i.e., the maximum 
vulnerability value is 1. The normalized vulnerability is 
then calculated based on the equation:

where,
Xj is the normalized value (ranging from 0 to 1) of the 

indicator j of a vulnerability factor (E, S, R); xj is the value 
of the indicator j; Max(xj) and Min(xj) represent the maxi-
mum and minimum values, respectively, of the indicators 
j for the vulnerability factor.

(1)Xj =
xj −Min(xj)

Max
(

xj
)

−Min(xj)

Table 6   Risk assessment index 
for the social component at the 
sub-district level

Sub-district Area (ha) Flood risk Percentage area at risk levels (%)

Area (ha) % VL L M H VH

Bangkala 375.75 231 61 79 21
Tamangapa 763.5 605.75 79 90 8 2
Manggala 350.25 169.75 48 79 21
Antang 531.25 158 30 65 26 9
Batua 190 92.5 49 76 16 8
Tamalanrea Indah 503.25 142 28 90 10
Tamalanrea Jaya 375.5 273.25 73 79 13 8
Tamalanrea 389.25 100.75 26 62 13 17 8
Kapasa 669.25 51.25 8 47 53
Parangloe 1080.25 7.5 1 27 73
Bira 871.5 180 21 91 9
Gunung Sari 375.25 81.25 22 40 47 3
Karunrung 131.5 68 52 42 40 18
Kassi Kassi 106.25 56.75 53 51 11 38
Pampang 334.25 167 50 100
Panaikang 304.25 160.25 53 80 16 4
Paropo 127 27 21 14 86
Tello Baru 162 48.25 30 67 14 9 10
Buloa 95.25 4.5 5 38 62
Tallo 62.75 6.25 10 32 68
Lakkang 342.5 200.75 59 100
Paccerakkang 750 196 26 75 21 4
Sudiang Raya 647.5 118.25 18 75 25
Sudiang 623.75 33.25 5 45 43 12

Physical unit 
parameter data

Administration 
boundary (sub-district) Urban distribution area

Analysis of urban 
distribution area at each 

sub-district

Analysis of physical 
parameter distribution 

at each sub-district

Scoring parameters 
based BNPB

Physical vulnerability 
score

Justification of the cost 
value of each physical 

unit

Fig. 11   Flowchart of GIS analysis for calculating the physical vulner-
ability score
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Thus, the normalized indicators were aggregated using 
the following equation, according to their respective 
factors:

where VIsocial is the composite indicator (E1, E2, S2, S3, R1); 
Wj is the weight of the indicator j; and Xj is the normalized 
value of the indicator j.

Physical vulnerability

The indicators used for physical vulnerability are building 
house density, availability of public facilities, and availabil-
ity of critical facilities. House density is obtained by divid-
ing the built area by the area of the sub-district (in hectares) 
and multiplying it by the unit price of each building code 
parameter. The index of physical vulnerability is derived 
from the average weight of house density (40%), availability 
of public facilities (30%), and availability of critical facili-
ties (30%). Index conversion parameters are described in 
Table 3. The normalized indicators were aggregated using 
the following equation, according to their respective factors:

(2)VIsocial =
∑k

j=1
WjXj

Fig. 12   Scoring of individual indicator maps for the physical vulner-
ability component

Fig. 13   Physical vulnerability 
score
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where VIphysical is the composite indicator (S3a, S3b, S3c).

Economic vulnerability

The indicators used for economic vulnerability are the area 
of productive land (e.g., paddy fields, garden fields) meas-
ured in rupiah value and the land resource base of PDRB 
(gross regional domestic product) for the agriculture sec-
tor. The area of productive land can be obtained from the 
analysis of land use maps, and the PDRB of statistical data 
at the district and sub-district levels are analyzed. The index 
of economic vulnerability is derived from the weight of 
the area of productive land (60%), and the weight of the 
land resource base (40%). Index conversion parameters 
are described in Table 4. The normalized indicators were 
aggregated using the following equation, according to their 
respective factors:

(3)VIphysical =
∑k

j=1
WjXj

Table 7   Risk assessment index 
for the physical component at 
the sub-district level

Sub-district Area (ha) Flood risk Percentage area at risk levels (%)

Area (ha) % VL L M H VH

Bangkala 375.75 231 61 79 2 15 4
Tamangapa 763.5 605.75 79 90 4 4
Manggala 350.25 169.75 48 79 5 16
Antang 531.25 158 30 65 15 12 1 7
Batua 190 92.5 49 76 9 12 3
Tamalanrea Indah 503.25 142 28 90 2 8
Tamalanrea Jaya 375.5 273.25 73 79 2 13 5 1
Tamalanrea 389.25 100.75 26 62 11 10 17
Kapasa 669.25 51.25 8 47 30 23
Parangloe 1080.25 7.5 1 27 73
Bira 871.5 180 21 91 1 8
Gunung Sari 375.25 81.25 22 40 47 13
Karunrung 131.5 68 52 42 40 18
Kassi Kassi 106.25 56.75 53 51 13 36
Pampang 334.25 167 50 100
Panaikang 304.25 160.25 53 80 11 6 1 2
Paropo 127 27 21 14 71 15
Tello Baru 162 48.25 30 67 8 12 3 10
Buloa 95.25 4.5 5 38 62
Tallo 62.75 6.25 10 32 68
Lakkang 342.5 200.75 59 100
Paccerakkang 750 196 26 75 13 10 2
Sudiang Raya 647.5 118.25 18 75 19 1 5
Sudiang 623.75 33.25 5 45 21 23 11

Land cover 
data

Administration 
boundary (sub-district)

Land resource base 
(PDRB) data

Estimate local budget at 
each sub-district

Productive land 
reclassify 

Scoring parameters 
based BNPB

Economic vulnerability 
score

Justification of 
the price value of each 

productive land

Overlay
(scoring x weight)

Scoring parameters 
based BNPB

Fig. 14   Flowchart of GIS analysis for calculating the economic vul-
nerability score
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where VIeconomic is the composite indicator (E3, E4).

Environmental vulnerability

The indicators used for environmental vulnerability are 
protected forests, natural forests, mangroves, and shrubs. 
The index of environmental vulnerability is derived from 
the weight of the area of protected forest (40%), the weight 
of the natural forest (40%), the weight of the mangrove 
(10%), and the weight of shrubs (10%). Index conver-
sion parameters are described in Table 5. The normalized 
indicators were aggregated using the following equation, 
according to their respective factors:

where VIenvironmental is the composite indicator (E5a, E5b, 
E5c, E5d).

Overall vulnerability

In this study, it effectively communicates that spa-
tial–temporal information related to the four components 

(4)VIeconomic =
∑k

j=1
WjXj

(5)VIenvironmental =
∑k

j=1
WjXj

of flood vulnerability is presented and processed using 
GIS. The overall vulnerability of Makassar City is calcu-
lated by considering the social, physical, economic, and 
environmental components, with different weighting fac-
tors to quantify their contributions to flood vulnerability. 
The weighting factors used in the vulnerability analysis 
are determined through the Analytic Hierarchy Process 
(AHP) process specific to the local context. The overall 
vulnerability index is shown in the equation as follows.

Results

Social risk evaluation

Statistics from 2012 were primarily utilized for popula-
tion, population density, poverty ratio, age ratio, gender 
ratio, and disability ratio data (BPS 2012). These sta-
tistical data were input into the urban distribution areas 
at each sub-district. Figure 8 illustrates the flowchart 
of the GIS analysis used to calculate each indicator and 
obtain the social vulnerability score. Figure 9 shows the 
scoring results of individual indicators based on the data 

(6)
FVI =

(

VIsocial × 40%
)

+
(

VIphysical × 25%
)

+
(

VIeconomic × 25%
)

+ (VIenvironmental × 10%)

Fig. 15   Scoring of individual indicator maps for the economic vulnerability component
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input analysis on the map. The urban population density 
indicates high population densities ranging from 10,505 
to 65,939 inhabitants/km2, with most of the city receiv-
ing high scoring values. The density map of Makassar 
City demonstrates that most sub-districts are densely 
populated. Among the scoring analysis results, ages, 
poverty, and people with disabilities (representing the 
group with the least capacity to recover from flood dam-
ages) show low vulnerability scores. Conversely, a high 
value of gender percentages is represented throughout the 
city. The combination of these five individual indicators 
gives the social vulnerability score (Fig. 10), with most 
sub-districts displaying social vulnerability to flooding 
varying from high to very high scores. Table 6 represents 
the risk calculation results obtained by multiplying the 
flood hazard scores and the social vulnerability scores 
for each sub-district. The specific risk index levels (very 
low (VL), low (L), moderate (M), high (H), and very 
high (VH)), along with the percentage area at those risk 
levels, are calculated in GIS. It can be identified that 

some sub-districts, such as Antang, Sudiang Raya, Sudi-
ang, and Tello Baru, stand out as being the most at risk 
in social aspects. Notably, the urban poor living along 
the coast and rivers are among the most vulnerable, as 
they reside in areas highly affected by current high flood 
depth. Flooding threatens their livelihoods and physical 
safety, further compounding the existing social vulner-
abilities of low-income individuals.

Physical risk evaluation

The building features were drawn using spatial data-
bases of the topology map and satellite images in 2012. 
This allowed for the analysis of the number of building 
points, areas, and types. The cost value of each build-
ing unit was justified based on the building types and 
area (rupiah per square meter). Local values were esti-
mated using the building cost classification provided 
by the Ministry of Public Work (PU) of Indonesia (PU 
2006). Figure 11 depicts the flowchart used to calculate 

Fig. 16   Economic vulnerability 
score
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the physical vulnerability score. Three building factors 
were considered to determine the physical vulnerability 
values: houses, public facilities, and critical facilities. 
Figure 12 illustrates the scoring of individual indica-
tors to estimate building cost values. Figure 13 shows 
the physical vulnerability score, indicating more than 
half of the city has susceptibility ranging from high to 
very high value. The central part of the city shows a 
high representation of physical vulnerability, while the 
northeast part exhibits lower scores. Table 7 provides 
the evaluation results of the physical risk in each sub-
district. Sub-districts such as Sudiang, Tello Baru, and 
Antang are identified as having a high-risk level of 
flood-impacted areas in the physical aspect.

Economic risk evaluation

To analyze the individual indicators for the economic 
component, a land cover map for 2012 was developed 
using a digital topographical map of 1:50.000 scales 
and satellite images. The land use division for agri-
culture was determined based on the detected land use 
boundaries from spatial data analysis. This division 
includes agriculture productive areas, such as paddy 

Table 8   Risk assessment index 
for the economic component at 
the sub-district level

Sub-district Area (ha) Flood risk Percentage area at risk levels (%)

Area (ha) % VL L M H VH

Bangkala 375.75 231 61 49 30 21
Tamangapa 763.5 605.75 79 23 20 57
Manggala 350.25 169.75 48 29 59 12
Antang 531.25 158 30 59 19 11 11
Batua 190 92.5 49 32 19 49
Tamalanrea Indah 503.25 142 28 100
Tamalanrea Jaya 375.5 273.25 73 88 12
Tamalanrea 389.25 100.75 26 59 29 12
Kapasa 669.25 51.25 8 54 28 18
Parangloe 1080.25 7.5 1 100
Bira 871.5 180 21 69 31
Gunung Sari 375.25 81.25 22 81 19
Karunrung 131.5 68 52 72 28
Kassi Kassi 106.25 56.75 53 61 39
Pampang 334.25 167 50 81 19
Panaikang 304.25 160.25 53 100
Paropo 127 27 21 100
Tello Baru 162 48.25 30 78 3 19
Buloa 95.25 4.5 5 100
Tallo 62.75 6.25 10 100
Lakkang 342.5 200.75 59 100
Paccerakkang 750 196 26 33 66 1
Sudiang Raya 647.5 118.25 18 29 71
Sudiang 623.75 33.25 5 54 2 44

Land cover 
data

Administration 
boundary (sub-district)

Environmental category 
reclassify 

Scoring parameters 
based BNPB

Environmental 
vulnerability score

Estimation of 
environmental 
parameter area 

Fig. 17   Flowchart of GIS analysis for calculating the environmental 
vulnerability score
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fields, garden fields, and mangrove fields. The produc-
tive land values and the land resource base (PDRB) 
values for each sub-district were obtained from the sta-
tistical database of Makassar City in 2012 and 2013. 

Figure 14 illustrates the flowchart used to estimate the 
score of individual indicators related to economic vul-
nerability score, which is determined using two indi-
cators (Fig.  15). Figure  16 shows that the economic 

Fig. 18   Scoring of individual indicator maps for the environmental vulnerability component
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aspect of Makassar City is fairly vulnerable to floods. 
Table 8 depicts that the highest percentage area at the 
high-risk level is located in the sub-district of Antang. 
Additionally, some sub-districts, such as Sudiang Raya, 
Tamangapa, Batua, Tamangapa, and Sudiang, exhibit a 
moderate vulnerability level, with most of the locations 
identified as productive lands, including paddy fields, 
garden fields, and fishponds. Notably, the paddy fields 
account for 36.34% of the total flood area and were sig-
nificantly impacted. The expansion of urban areas from 
1997 to 2012 has also contributed to the flood impacts 
on fishponds, affecting approximately 11.64% of the 
total flood area in 2013.

Environmental risk evaluation

The environmental vulnerability assessment encompasses 
an analysis of natural forests, mangroves, and shrubs, 
which play a crucial role in mitigating ecological impacts 
in Makassar City. Figure 17 illustrates the flowchart of the 
environmental vulnerability score analysis. Relevant indi-
vidual indicators are developed using the land cover data 
(Fig. 18), with vegetation covers predominantly found in 

the vicinity of Tallo downstream, situated in the central 
part of Makassar City. Figure 19 presents the result of the 
environmental vulnerability score. Among the assessed 
components, mangroves are identified as the most at risk 
due to their high environmental exposure, limited storage 
capacity, and greater susceptibility to flooding. Both shrub 
and mangrove areas exhibit higher environmental vulner-
ability, covering approximately 84 to 138 hectares, respec-
tively. Table 9 shows the distribution of the highest risks in 
the sub-districts of Panaikang, Tamalanrea Jaya, Pampang, 
and Tamangapa.

Overall risk evaluation and verification

The overall risk index is determined by analyzing both 
the flood hazard score and the composite vulnerability 
score. The analysis reveals that Makassar City faces a 
moderate vulnerability level to floods, with over 50% of 
the areas categorized as having a low-risk flood index. 
Figure 20 shows the components of the flood risk index 
map and Fig. 21 shows the overall flood risk index map 
of Makassar City and the recorded casualty locations. 
Further details on the percentage of areas at different 

Fig. 19   Environmental vulner-
ability score
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risk levels for each sub-district can be found in Table 10. 
Among the impacted areas, the sub-district of Antang is 
identified as having the highest risk level, mainly due to 
its degree of exposure to both social and physical aspects. 
Some sub-districts, such as Sudiang and Sudiang Raya, 
exhibit moderate risk levels, primarily attributed to their 
social and economic vulnerability to floods. Similarly, 
the sub-districts of Panaikang, Tamalanrea Jaya, Tama-
lanrea, and Tamangapa also have moderate risk levels, 
primarily influenced by environmental aspects. Overall 
risk evaluation results indicate that physical and envi-
ronmental risk components significantly impact large 
areas at high-risk levels. Conversely, the lowest risks are 
sparsely distributed throughout the northeast and south-
east sub-districts. Notably, the sub-districts of Lakkang 
and Bira in the vicinity of the Tallo downstream river 
display the lowest risk levels.

Due to the limited availability of detailed flood disas-
ter damage information in Makassar City, the validation 
of the flood risk index obtained in this study was based 
on the affected location map of the January 2013 flood 

disaster. This map illustrates the number of casualties 
or severely injured individuals during the disaster. It is 
expected that the affected locations accurately reflect 
the high-risk areas for flood disasters, particularly in the 
sub-districts of Antang, Kassi-kassi, Panaikang, Karun-
rung, and Tamalanrea Jaya. Figure 21 presents the over-
all flood disaster risk map overlaid with the vector layer 
of casualties from January 2013, and the casualties in 
each sub-district of different risk levels are summarized 
in Table 11. According to the data recorded by BPBD, 
the numbers of impacted individuals in the sub-districts 
of Kassi-Kassi, Panaikang Karunrung, and Tamalanrea 
Jaya were 10,961, 9651, 9532, and 8735 inhabitants, 
respectively. In total, 14 affected locations in Makas-
sar City experienced moderate and high-risk levels, 
accounting for 71.4% of the total locations with casual-
ties. The preliminary result indicates that the overall risk 
calculation of f lood disasters at the sub-district level 
aligns well with the actual distribution of risk, demon-
strating its high practical value.

Table 9   Risk assessment 
index for the environmental 
component at the sub-district 
level

Sub-district Area (ha) Flood risk Percentage area at risk levels (%)

Area (ha) % VL L M H VH

Bangkala 375.75 231 61 100
Tamangapa 763.5 605.75 79 86 14
Manggala 350.25 169.75 48 92 8
Antang 531.25 158 30 91 9
Batua 190 92.5 49 100
Tamalanrea Indah 503.25 142 28 48 1 51
Tamalanrea Jaya 375.5 273.25 73 71 3 26
Tamalanrea 389.25 100.75 26 87 5 8
Kapasa 669.25 51.25 8 100
Parangloe 1080.25 7.5 1 100
Bira 871.5 180 21 100
Gunung Sari 375.25 81.25 22 100
Karunrung 131.5 68 52 100
Kassi Kassi 106.25 56.75 53 97 1 2
Pampang 334.25 167 50 73 12 15
Panaikang 304.25 160.25 53 61 1 4 34
Paropo 127 27 21 100
Tello Baru 162 48.25 30 83 17
Buloa 95.25 4.5 5 94 6
Tallo 62.75 6.25 10 92 8
Lakkang 342.5 200.75 59 99 1
Paccerakkang 750 196 26 99 1
Sudiang Raya 647.5 118.25 18 99 1
Sudiang 623.75 33.25 5 100
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Fig. 20   Components of the flood risk index map
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Fig. 21   Overall flood risk index map and recorded affected locations
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Discussion

The main problems faced by developing countries are the 
limitation of disaster mitigation budgets, early warning 
systems, and information availability. This methodol-
ogy aims to provide an accurate flood risk zonation that 
aligns with the actual disaster events. The study’s results 
demonstrate a strong correlation with the onsite disaster 
survey conducted after the January 2013 flood in Makas-
sar City. During the field survey, it was identified that the 
affected regions encompass the districts of Biringkanaya, 
Tamalanrea, Tallo, Manggala, Rappocini, and Panakuk-
kang, totaling more than 3000 hectares of flooded area. 
According to BPBD, the total number of affected indi-
viduals in these floods reached 101,972 inhabitants, with 
a significant concentration in the sub-districts of Kassi-
Kassi, Panaikang, Karunrung, and Tamalanrea Jaya. 
Our analysis revealed that these same areas present the 
highest risk levels and thus should be given priority in 
hazard mitigation planning. By prioritizing areas based 
on the severity of the hazard, the methodology assists 

the local government in devising appropriate plans and 
implementing accurate measurements for efficient miti-
gation efforts. This approach can also help in reducing 
the costs associated with rescue actions.

The calculation of the flood risk index serves the 
purpose of spatial planning and evaluating risk for dis-
aster reduction in Makassar City. While the secondary 
datasets used as inputs at the sub-district level provide 
valuable information, they may not always be as accurate 
as locally surveyed data. To achieve a more precise risk 
value at the sub-district level, primary data for each vul-
nerability component should be considered for substitu-
tion where applicable. In this case study, the secondary 
datasets only cover the years 2012 and 2013. It is essen-
tial to note that the risk values represent an extrapolation 
based on this specific period. If data collection extends 
beyond this timeframe, variations in values may occur 
due to changes in local economic value and/or popula-
tion density. The flood hazard map relies on an expected 
maximum flood area model derived from measurements 
taken in 2013. However, the available data for some risk 

Table 10   Overall risk 
assessment index at the sub-
district level

Sub-district Area (ha) Flood risk Percentage area at risk levels (%)

Area (ha) % VL L M H VH

Bangkala 375.75 231 61 58 28 14
Tamangapa 763.5 605.75 79 20 78 2
Manggala 350.25 169.75 48 67 27 6
Antang 531.25 158 30 34 58 1 7
Batua 190 92.5 49 27 49 24
Tamalanrea Indah 503.25 142 28 40 52 8
Tamalanrea Jaya 375.5 273.25 73 37 47 16
Tamalanrea 389.25 100.75 26 42 37 21
Kapasa 669.25 51.25 8 28 28 44
Parangloe 1080.25 7.5 1 27 73
Bira 871.5 180 21 92 8
Gunung Sari 375.25 81.25 22 40 49 11
Karunrung 131.5 68 52 41 45 14
Kassi Kassi 106.25 56.75 53 51 24 25
Pampang 334.25 167 50 67 33
Panaikang 304.25 160.25 53 45 51 4
Paropo 127 27 21 14 86
Tello Baru 162 48.25 30 47 34 19
Buloa 95.25 4.5 5 39 61
Tallo 62.75 6.25 10 32 68
Lakkang 342.5 200.75 59 100
Paccerakkang 750 196 26 75 21 4
Sudiang Raya 647.5 118.25 18 5 71 24
Sudiang 623.75 33.25 5 6 43 51
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factors is rudimentary. To conduct a more comprehensive 
vulnerability analysis, the local methodological frame-
work requires temporally and spatially granular statistical 
primary data. The processing of spatial statistical data is 
based on a grid-mesh system (50 m × 50 m), and local-
ized inaccuracies in the source statistical data have the 
potential to propagate. As a result, the risk index map and 
its components should be considered as baseline measure-
ments for determining flood risk at the sub-district level.

Furthermore, global climate change is expected to 
have an increasingly significant impact on coastal com-
munities worldwide, including Makassar City. Some of 
these communities are already considered vulnerable to 
ongoing climatic variability (IPCC 2007). The projected 
effects of climate change include accelerated sea level 
rise, elevated tidal inundation, increased flood frequency, 
accelerated erosion, rising water tables, increased saltwa-
ter intrusion, more frequent storm surges, and increased 
cyclone occurrences (Fenster and Dolan 1996). Makassar 
City, including its coastline, is particularly susceptible 
to flooding, and this vulnerability may be exacerbated 
by changes in the occurrence of severe rainfall events 
in the future. Local conditions, such as low-lying lands 
and slow surface water drainage, further increase the 
risk of flooding. Currently, only approximately 50% of 
the surface water runoff area in Makassar City can be 
managed by the urban drainage systems. This highlights 
the need to enhance flood control measures, especially 
for urban constructions in high-risk areas, to mitigate 

potential flood disaster losses. The flood risk index map 
provides a clear indication of safe and non-safe areas 
(50 m × 50 m) for urban development. As a result, it 
offers valuable information for land use planning and 
helps target areas that require prioritized risk reduction 
measures (Abuzied et al. 2016).

Conclusions

In the GIS platform, the local methodological framework 
evaluates the social, physical, economic, and environmen-
tal aspects of the impacted areas. It identifies the flood risk 
levels across sub-districts in Makassar City. The method-
ology employs spatial and temporal analysis to generate a 
flood risk index map for the impacted area. It also analyzes 
the distribution of risk levels and severity percentages 
in the urban flood scenario of 2013. Spatial individual 
indicators, based on statistical and spatial data from the 
same period and relevant to vulnerability assessment in 
Makassar City, are generated. The flood risk index map is 
produced using recorded flood depth and area occurrence 
in 2013, along with historical flood hazard records. The 
study combines local indicators into a composite index, 
allowing geographical vulnerability and risk evaluation at 
a 50-m grid size, using a GIS grid-mesh system as the spa-
tial treatment unit analysis. With the help of the flood risk 
index map, we determined that large flood-affected regions 
are classified at a low-risk index level, with risk com-
ponents varying in intensity depending on the location. 
Despite limited information and resources for flood risk 
reduction, this study has enabled a better understanding 
of the affected regions. The suggested technique has pro-
duced a detailed and accurate flood risk map for Makassar 
City, which can be utilized for spatial urban planning and 
flood risk reduction. The map aids the local government 
in prioritizing risky zones that require greater attention.
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Table 11   Verification of flood disaster risk assessment

Affected locations Overall risk

District Sub-district

Biringkanaya Paccerakkang Moderate
Sudiang Raya Moderate

Manggala Antang High
Batua very low

Panakkukang Panaikang Moderate
Panaikang Moderate
Pampang Very low

Rappocini Kassi-kassi Moderate
Karunrung Moderate

Tamalanrea Tamalanrea Jaya Moderate
Tamalanrea Jaya Moderate
Tamalanrea Jaya Moderate
Tamalanrea Indah Very low
Tamalanrea Low
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