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Our natural world is experiencing a state of rapid change unprecedented in the presence of humans. The changes affect virtually all physical, chemical and biological systems on Earth.
The interaction of these systems leads to tipping points, feedbacks and amplification of effects. In virtually all cases, the causes of environmental change can be traced to human activity
through either direct interventions as a consequence of pollution, or through global warming from greenhouse case emissions. Well-formulated and internationally-relevant policies to
mitigate the change, or adapt to the consequences, that will ensure our ability to thrive in the coming decades are badly needed. Without proper understanding of the processes involved,
and deep understanding of the likely impacts of bad decisions or inaction, the security of food, water and energy is a risk. Left unchecked shortages of these basic commodities will lead
to migration, global geopolitical tension and conflict. This represents the major challenge of our time. We are the first generation to appreciate the problem and we will be judged in future
by our ability to determine and take the action necessary. Appropriate knowledge of the condition of our natural world, appreciation of the changes occurring, and predictions of how the
future will develop are requisite to the definition and implementation of solutions. Frontiers in Environmental Science publishes research at the cutting edge of knowledge of our natural
world and its various intersections with society. It bridges between the identification and measurement of change, comprehension of the processes responsible, and the measures
needed to reduce their impact. Its aim is to assist the formulation of policies, by offering sound scientific evidence on environmental science, that will lead to a more inhabitable and
sustainable world for the generations to come.
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A Micro-Scale Study of Flood Risk
Assessment in Urban Fluvial Areas
Using the Flood Potential Index

Robby Yussac Tallar* and Golan Mauregar Geldoffer

Department of Civil Engineering, Universitas Kristen Maranatha (Maranatha Christian University), Bandung, Indonesia

Worldwide, increasing various methods are being offered to solve the issue of flood disasters
in urban fluvial areas, yet there is a relative lack of micro-scale studies concerning the flood
potential index (FPI) to forecast future flood events in DKI Jakarta. With recent advances, the
information of flood risk assessment can be monitored and communicated by using FPI
embedded with a geographical information system (GIS)-based model. Therefore, the main
purpose and concerned issue in this paper is how to relate the micro-scale study of flood risk
assessment in the urban fluvial area in DKI Jakarta as the study case using FPI. Specific
parameters were selected to develop and analyze FPI, involving three considerations:
meteorological, physical-environment, and socio-economic aspects. The classification has
also been developed by the analysis of data from rainfall, normalized difference vegetation
index (NDVI) obtained from Landsat eight interpretation, and population density to produce a
flood potential hazard map for each sub-district in DKI Jakarta during 2021-2024. The results
of the completed analysis of classification for each sub-district in DKI Jakarta showed 10 sub-
districts with high potential, 219 sub-districts with medium potential, and 32 sub-districts with
low potential in 2024. Our findings also confirmed that using a GIS approach in identifying and
measuring the FPIin DKI Jakarta for micro-scale areas is very helpful in order to develop better
adaptive local flood management practices. For future works, the assessment not only
produces a visualization of the flood potential index but also estimates possible damage due
to the flood hazard itself.

Keywords: flood potential index, GIS, micro scale study, risk assessment, urban fluvial area

INTRODUCTION

Similar to many metropolitan cities around the world, DKI Jakarta is dealing with flood
disasters. According to the previous report from Meteorological, Climatological, and
Geophysical Agency of Indonesia (BMKG), DKI Jakarta has been recorded to have
extreme floods, which have occurred in 2002, 2007, 2013, 2015, 2016, and the last in 2020.
As the occurrence of flood events has become common, the number of flood risk assessments is
increasing (Nastiti et al., 2015). Concerning these issues, various methods are being offered by
using geographical information system (GIS)-based model applications in order to solve flood
risk assessments in large-scale studies (Singh, 2019; Song et al., 2017; Valencia et al., 2020;
Zhang H et al., 2019) and the relationships to the position of the groundwater table (Al Adaileh
et al., 2019; Freitas 2016; Nistor et al., 2019; Olaniyi Oke, 2018; Suryawan et al., 2019; Syarif et
al.,, 2013; Wu et al.,, 2011). Another method is by using the water index in order to describe or
analyze water-related problems (Tallar and Dhian, 2021; Nayak et al., 2020; Wang et al., 2020;
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Williams et al., 2019; Tallar and Suen, 2015; Tallar and Suen,
2016). Therefore, many studies have also combined the water
index with a GIS-based model (Kawo and Karuppannan,
2018; Taloor et al., 2020), and further studies developed a
flood index by using a GIS based-model (Yang et al., 2017;
Zhang Y et al., 2019). Although improved tools and models
have been used to analyze data concerning flood events, there
is a relative lack of micro-scale studies concerning flood risk
assessment combined with the flood potential index (FPI) to
forecast future flood events in DKI Jakarta. Therefore, the
main purpose and concerned issue in this paper is how to
relate the micro-scale study of flood risk assessment in DKI
Jakarta as the study case by using FPI. This paper presented
the development of FPI as well as a flood potential hazard
map for each sub-district in DKI Jakarta during 2021-2024.

MATERIALS AND METHODS
Description of the Study Area

This research was carried out in DKI Jakarta, the capital city of
Indonesia, located at 5,019'12"” SL - 60 23’ 54" SL dan 106,,022’
42" EL- 106058’ 18" EL with an average height of +7 m above
the mean sea level (MSL). The western boundary of DKI
Jakarta is Banten Province, and in the south and east, it is
bordered by West Java Province. Administratively, DKI
Jakarta is divided into five regions consisting of 42 districts
and 261 sub-districts in total. The area of DKI Jakarta is
7,660 km®, with a land area of 662km” and a sea area of
6,998 km?. The northern boundary of DKI Jakarta includes
32 km of coast, which is the source of 13 rivers, 2 canals, and 2
floodways. DKI Jakarta has a tropical climate with an average
annual precipitation of 1.755 mm or about 146 mm per month.
This condition causes some areas in DKI Jakarta to be prone to
inundation due to high rainfall and high tide. Moreover, the
population density is very high. It was recorded that the
population in 2021 was more than 10 million residents with
a population density of 16,262/km?> or 42,120/sq mi.

METHODOLOGY

The FPI was developed by using three parameters: rainfall data,
normalized difference vegetation index (NDVI), and population
density. The parameters used in this study are considered as the
representatives of three main aspects: physical, environmental,
and socio-economic aspects. Figure 1 shows that the initial step
is to define considered parameters and collect secondary data.
The data were collected from rainfall data, NDVI obtained from
Landsat eight interpretation, and population density from
Central Bureau Statistics of Indonesia (BPS). All the collected
data were processed by using ArcGIS software version 10.5 as an
application for the digital mapping process with the following
steps: scoring, weighting, and overlaying methods. This scoring
method gives a score to each parameter in order to determine
the level in each classification. These four parameters will be
scaled and weighted according to the order of their abilities and

Flood Potential Index

Data Collection

| | Lansat Imaginery 8 | | Population Density (PD)

NDVI

v
| Regression Analysis |

!
| Scoring |
v
| Weighting |
v

| Flood Potential Index |

v
Rainfall (RF)

FIGURE 1 | Research flowchart.

conditions of the study area so that the results are obtained in
the form of an FPI In this study, the weighting method of the
variables of FPI used is the ranking method. The ranking
method is one of the modest methods in assigning weight
values of variables by ranking order for each variable (Tallar
and Suen, 2016). The class was divided into three classes: high,
medium, and low potential. The ranking method was also
performed by sorting each parameter used according to the
level of importance. The result is an FPI map for DKI Jakarta
during 2021-2024.

RESULTS AND DISCUSSION

One of the most crucial water problems in DKI Jakarta comes
from flooding. Recently, there has been extensive map coverage of
flood hazard zones in DKI Jakarta; however, it is progressively
perceived that flood risk related to natural hazards cannot be
reduced solely by focussing on the hazard. Therefore, it is
necessary to develop an appropriate method of indexing and
mapping flood potential in detail. Despite its significance,
previous flood risk assessment methodologies often
underestimate levels of vulnerability in areas prone to hazards,
yet it is the degree of vulnerability within sub-districts that
determines the consequences of any given hazard. The result
is an FPI map for DKI Jakarta during 2021-2024 (Figure 2). The
results of the completed analysis of classification for each sub-
district in DKI Jakarta showed 10 sub-districts with high
potential, 227 sub-districts with medium potential, and
24 sub-districts with low potential in 2021; 12 sub-districts
with high potential, 227 sub-districts with medium potential,
and 22 sub-districts with low potential in 2022; 10 sub-districts
with high potential, 222 sub-districts with medium potential, and
29 sub-districts with low potential in 2023; and 10 sub-districts
with high potential, 219 sub-districts with medium potential, and
32 sub-districts with low potential in 2024 (Table 1). Based on the
results, there are similarities of FPI in the prone areas of flooding
in DKI Jakarta during 2021-2024. Flood mitigation and
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FIGURE 2 | Flood potential index map for DKI Jakarta during 2021-2024.

preparedness programs in the micro-scale should be

implemented, such as rainwater harvesting

technologies for

TABLE 1 | FPI classification in DKI Jakarta during 2021-2024.

Year Number of sub-districts
High Potential Medium Potential Low Potential
2021 10 227 24
2022 12 228 21
2023 10 222 29
2024 10 219 32

each sub-district. DKI Jakarta as an urban fluvial area has
executed macro-scale flood mitigation and preparedness
programs without considering the relationship between flood
characteristics for each sub-district. Moreover, climate change-
driven global warming is a factor behind repeated instances of
severe flooding across the study area; however, this study proved
that flood mitigation and preparedness programs can be
implemented in local or micro-scale flood risk assessment. The
need of appropriate early warning systems to predict flood
characteristics, sufficient databases for assessing flood risk
analysis, political will and coordination in local levels of
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government concerning flood problems, and appropriate
mitigation programs are several issues that are aims for
reducing vulnerability to flood problems in the micro-
scale model.

CONCLUSION

The study presented proposes a general methodology to
assess and map FPI at a detailed, micro-scale level. This
captures aspects that are considered crucial and
representative of reality (physical, environmental, and
socio-economic aspects). These results provide as clear a
picture as possible of the reality of the FPI map within
DKI Jakarta, leading to a better understanding and
guidance for future flood risk management activities in
DKI Jakarta. Our findings also confirmed that using a GIS
approach in identifying and measuring the FPI in DKI Jakarta
for micro-scale areas are very helpful in order to develop
better adaptive local flood management practices. It is
obvious that the GIS-based method has a great role to play
in flood risk assessment because flood is one of many natural
hazards with multi-dimensional variables. The FPI had
several advantages: 1) a low-cost and micro-scale flood
monitoring program that could be used in developing
countries and 2) a useful tool for water resource agencies,
especially for local agencies, to manage waterbodies and to
raise public awareness of flood problems for its data as its data
could be easily understood and interpreted. At present, there
lacks a framework for monitoring and measuring the flood
risk assessment in the micro-scale that enables these
institutions to operate and develop and link up the three-
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pillar idea of sustainable development: environmental (the
idea of staying within a biophysical carrying capacity), social
(providing a society constructed on the values that people
wish to live by), and economic (providing an adequate
material standard of living). For future works, the
assessment not only produces a visualization of FPI but
also estimates possible damage due to the flood hazard
itself; furthermore, the application of FPI can also be
implemented in other countries.
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