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INTRODUCTION

Flood disaster is one of the most serious disasters that occur all over the world, because flooding can be
considered as one of the most destructive natural hazards. In addition to physical damage and financial
losses, flooding can result in loss of human life, in Indonesia, which is a tropical country with two seasons,
namely the rainy season and the dry season, almost every year floods occur in several big cities in Indonesia.
According to the National Disaster Management Agency (BNPB) in 2021, floods occurred 1 794 times, the
most number one compared to extreme climates (1 577 times) and landslides (1 321 times) (BNPB, 2022). It
is necessary to have a better understanding of the characteristics of floods and the contributing factors that
affect the potential for flooding, this is necessary in effective management of water resources to minimize the
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risk of a flood disaster. One of the areas that are regularly flooded every year is the Ciliwung Watershed
(DAS). The Ciliwung River is the largest area that affects flood events in Jakarta, Depok, and Bogor. The
length of the Ciliwung River flow starts from its upstream in the Gunung Gede-Pangrango area (Bogor
Regency) to its downstream area in the Pluit area (North Jakarta), along 129 km This makes the Ciliwung
river an important factor and has a major influence on the occurrence of flooding in the area. In general,
climate change, human activities and the topography of an area are identified as one of the factors causing
flooding.

There are many factors that cause flooding, in this study using 11 factors were analyzed using the
MICMAC method, including rainfall, anthropogenic climate change, increasing the frequency and
magnitude of extreme rainfall events as a cause of flood disasters. (Yilmaz et al., 2014; Bian et al., 2020),
rainfall is included in the hazard component which is a dynamic factor that can change (Nugroho, 2008).
Besides that, the topographic factors of an area affect the occurrence of flood hazards in an area, the digital
elevation model (DEM) is one source that is widely used to obtain information about topographical factors
related to flood hazard mapping (Ajim et al., 2020; Christian et al., 2020). Meanwhile the characteristics of a
catchment area, such as soil moisture and slope, also play a role in modulating the severity of flooding, and
severe flooding may occur in cases where soil conditions and slopes are less than 8% (Ajim et al., 2020;
Titley et al., 2021). Another factor is land cover change, increasing human population demands more use of
earth's resources, especially land resources, in this process it will decrease the retention capacity of soil
moisture resulting in more surface runoff and therefore, more sudden flooding (Panahi et al., 2010;
Avrifasihati and Kaswanto, 2016). Meanwhile, other factors such as garbage that is thrown carelessly into the
river will hinder the flow of water from upstream of the river with the condition of nearby settlements from
the river increasing the potential for flooding caused by overflowing of the river because it cannot
accommodate the higher discharge (Sholihah et al., 2020).

Infrastructure is one of the solutions in dealing with floods, but infrastructure has an environmental
impact and increases the risk of flooding elsewhere. Moreover, the infrastructure approach alone does not
address the main causes of flooding, which are believed to be a combination of reduced water catchment
areas and high rainfall intensity (Shi, 2020). Early warning system factors in detecting a disaster and
monitoring a hazard (Perera et al., 2019) can reduce the incidence of disasters when applied properly.
However, Indonesian institutions do not yet have adequate rules and instruments for designing cities that are
safe from the threat of flooding, both from spatial planning, drainage systems, or wastewater management to
return to the ground. Furthermore, institutional issues that need more attention are coordination between
agencies with an interest in flood prevention and management (Sunarharum, 2021).

MICMAC analysis is used for analytical integration of parts of the system to identify clause feedback
loops (either direct or indirect) between variables, which can be useful in improving the dynamics of analysis
for future scenarios (Veltmeyer and Sahin, 2014; Ambrosio-albala and Delgado, 2008; Paulus and Fauzi,
2017). Research conducted in Tabriz City using MICMAC to analyze the factors involved in the
development of urban green space with a systematic and structural approach and extract the most important
factors for optimal urban green space development using the relationship between these factors (Teimouri
and Hodjati, 2017). Adapting prospective structure analysis also needs to be carried out to strengthen
sustainable management and capacity building in the context of community-based natural resource
management (Delgado-serrano et al., 2016; Ahmed dan Saleh, 2009). Research conducted on the North
Coast of Central Java Province, Indonesia, to analyze the interest of stakeholders in relation to reducing
flood risk was carried out using the MICMAC method (Isa et al., 2019). In other countries, such as
Colombia, it is possible to define strategic variables that will guide its strengthening in 2020 in presenting
the conceptual techniques and results of applying MICMAC to determine the level of influence and
dependence of variables (Benjumea-arias et al., 2020).
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METHOD

Location and Research Time

This research was conducted on the Ciliwung River, which passes through Bogor Regency, Bogor City,
Depok City, South Jakarta, East Jakarta, to the Jakarta Bay, which has an area of 386 km?. For a complete
map of the study location, see Figure 1 below.
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Figure 1 Ciliwung Watershed administration map
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Method of Collecting Data

Literature search was carried out using online databases and search engines. The review includes
published journals and conference papers identified from scimago and google scholar as well as reports
published by organizations such as the World Meteorological Organization, government agencies, and
traceable reports identified via online search (Google). Limitation of time period with a span of five to ten
years. In conducting a literature review, we look for factors that contribute to the flood disaster. Primary data
is obtained from the opinions of experts, using questionnaires and in-depth interviews, research flowchart
can be seen in figure 2 below.
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variable that change the
system

Consider all the . | Construct the structural
variables " analysis matrix

Y

Key question or Issue

e  What are the key variable?

e What are the system external variable?
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(Fauzi, 2019)
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Figure 2 Research flowchart

Data Analysis Method

The method of analysis in this study is a quantitative method using software (MICMAC Software), by
describing the results of the analysis based on the influence factor of each variable. MICMAC software is
used to map variables to determine the relationship between variables, which is used to identify important
factors that cause flooding. The MICMAC approach relies on analytical thinking to solve problems through
systems. Therefore, MICMAC begins by asking questions, then identifying internal and external variables,
and at the next stage, MICMAC analyzes the relationship between variables and the weight of the
relationship according to the fluidity and level of dependence between variables (Fauzi, 2019). MICMAC
helps identify the main variables that are important to the system and depend on it, MICMAC results can
map the relationship between variables and the correlation of these variables in explaining the system, and
reveal causal relationships of the system (Bashir dan Ojiako, 2020).

In MICMAC, the variables are grouped into four quadrants based on the category of dependence and
influence. Analysis with MICMAC was carried out to obtain variables that influence the occurrence of
flooding in the form of influence variables, relay variables, depending variables and Autonomous Variables,
where the influence variable is a variable that has a large influence on other quadrants, but is less likely to be
affected by other variables. Relay Variable (Intermediate Variable), which is a variable that has a big
influence on the problem but at the same time it also has a high dependence on other variables. Dependent
variables are variables that depend a lot on other variables, but have little effect. While the Autonomous
Variable is a variable that depends a lot on other variables, but these variables do not have much influence or
influence other variables. The factors used in the MICMAC analysis in this research are grouped into several

dimensions, namely the dimensions of hazard, vulnerability and capacity, which can be seen in Table 1.
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Table 1 Contributing factor variable

Dimensions Variable Factors Causing Flood Disaster Short Label
Hazard Rainfall Rainfall
Elevation Elevation
Slope Slope
Land cover Land cover
Soil type, ability to infiltrate Soil
Distance from river River dist
Vulnerability Garbage in the river Garbage
Population density Population density
Capacity Infrastructure development such as drainage system Infras

Institutional rules Institutional
Early warning system EWS

The scale in MIC-MAC uses a scale of 0 to 3 and P, where: 0 = no influence; 1 = weak influence; 2 =
moderate influence; 3 = strong influence; P = potential influence

RESULT AND DISCUSSION

The matrix entry in Table 3 comes from Table 2, which shows the impact of each of the 121 paired
connections identified by the experts based on the calculation of direct influence and dependence (Walters,
2018). Questionnaires were made to be discussed with experts regarding the relationship between direct and
indirect effects of each variable. The scale from MICMAC is used to fill in the relationship matrix between
variables through a cross impact matrix (Joshi and Pal, 2015). To find out what variables have an important
influence as a factor causing the occurrence of a flood disaster. Based on the results of questionnaires from 7
resource persons from government agencies (BBWS, BNPB, DKI Jakarta Provincial Water Resources
Service), universities and experts in the field of disaster control and management, including flood disasters.
Based on the opinions of experts, a Likert scale was made to determine or measure qualitative data, to find
out a person's opinion, perception or attitude towards the phenomena that occur, so the likert scale is
obtained, that is: 0: no influence; 1: very weak influence; 2: weak influence; 3: moderate influence; 4: strong
influence.

Table 2 The Likert scale from the opinion of expert sources

Variable
Rainfall 1oV Slope Land gy River Garbage Population -, . Institu- EWS
ation cover dist density tional
Rainfall 4 4 4 4 4 3 4 2 4
Elevation 0 3 1 2
Slope 0 3 2 4
Land cover 0 4 3 4
Soil 2 4 1 2
River Dist 3 2 4
Garbage 0 3 4 4
Population- 3 3 4
density
Infras 2 2 1
Institutional 4
EWS 0 3 3 3 1 0
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Based on the likert scale, it is converted back to the MICMAC scale and the median value is determined
based on the quality of the answers from the opinions of expert sources, to get the middle or median value,
the P value (potential influence) in MICMAC is converted to 1 which means the influence or relationship is
very weak so that further analysis can be carried out to obtain the most influential factors causing flooding,
the results from the likert scale can be seen in Table 2.

MDI Matrix Fill

In accordance with the explanation above, there are 11 variables that will be searched for direct or
indirect relationships to determine the influencing factors causing flooding, to find out the relationship, the
MICMAC scale (Figure 3) is determined from the likert scale (Table 2), from the converted likert scale to the
MICMAC scale of 0 to 3 and P (Description: 0= 0: no influence; 1= P: very weak influence; 2= 1: weak
influence; 3= 2: moderate influence; 4= 3: strong influence). Based on these results, the Direct Influence
(MDI) matrix for MICMAC software can be determined in figure 3.

llos : g

1510 JaNY © 9
selju : g

adois : ¢
1Syl - 0T
SN I TT

ejurey : T
uoeAsq : z

abeqies :

NIN[Rowlw]rw[NININ[ yogendod : 8

: Rainfall

: Blevation

: Slope

: Land cover
: Soll

: River Dist
. Garbage

: Population
. infras

10 : Institute
11 : EWS

O[N] B |W|N| -

OVNDIN-VLId3-J0SdIT ©

O |O|O|O|W|F|O|O|0|O
N TR |NIN[WWWIN|O|W
NP WIN|W|WW|IO|Ww|w
TR TOIN| PP |O|wWlW|w]|w
Ol |O|O|O|O|Fr|O|Oo|o|Ww
RO |W|O|WININININ|W
NW[IOININ[N|WWIN[IN]|W
VIO TN W[ TN Tl
O|WIN|W|W|W|FR|WIW[F]|W

Figure 3 Matrix of Direct Influence (MDI)

Variable Mapping

From Figure 4 it can be seen that the variables in the MICMAC analysis will be divided into four
guadrants/clusters, namely Influence or key Driver Variable, Relay Variable (Intermediate Variable),
Dependent variable, and Autonomous variable. Influence Variable or Key Driver in Quadran I, the variables
in this quadrant have a large influence on other quadrants but are less likely to be affected by other variables.
in the quadrant, Rainfall and distance from the river are variables that have a significant effect without
dependence on other variables. Relay Variable (Intermediate Variable) in Quadran I, which is a variable that
has a large effect on the problem but at the same time, it also has a high dependence on other variables.
These variables include Land cover, slope, population density, river waste, and soil type.

In this quadrant, the variables are interdependent with other variables. This shows that for flood
management, it is necessary to involve the overall variables. The dependent variable in Quadran 111, which is
a variable that depends a lot on other variables but has a small effect, there are three variables in this
guadrant, namely, elevation, early warning system or early warning system, and infrastructure. And then the
last variable is Autonomous variable, namely institute, this variable does not have much effect or influence
other variables, but for institutions that are located in the middle leading to variable 3, this can be interpreted
that the institution is the initial lever that affects other variables, so that Decision makers cannot ignore the
institutional position here because it will have a major effect on many other variables.
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Direct influence/dependence map
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Figure 4 Direct influence factor causing floods

Direct Influence Relationship between Variables

In Figure 5, it can be seen which variable has the most influence and is influenced by other variables, if
the arrow comes out the most, it means that the variable is very influential on other variables or affects other
variables. If the arrow enters the most, it means that the variable is highly dependent on other variables or

influenced by other variables.
Direct influence yraph
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Weakest influences
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Figure 5 Direct influence between variables 100%
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Indirect Influence Relationship between Variables

The indirect influence relationship between variables 100% and 25% can be seen in Figure 6 and 7,
respectively. It can be seen that a very strong indirect effect occurs in the variables of rainfall to land cover,
infrastructure, slope, and EWS, with the highest scores of 15 311, 15 269 for infrastructure, 11 237 for slope,
and 9 579 for EWS. This shows the effect of rainfall on other variables, which indirectly has a major effect
on land cover, infrastructure, slope and EWS. While the distance from the river indirectly has a big effect on
the EWS with a score of 14 924,

Indirect influence graph
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Ranking of Variables Based on Influence and Dependence

The results of variable rankings based on influence and dependence can be seen in Figures 8 and 9.
From the results of the analysis, it can be seen ranking of factors is based on direct influence. With
MICMAC software, ranking is carried out based on its effect on other variables, so that it can be seen that
the change in variables from MDI to MII (Figure 8), several variables experienced a change in order from
MDI to MII after iteration, both increasing and decreasing in order. From Figure 8 it can be seen that the
MDI top five variable are rainfall, river distance, land cover, population density and slope slope, from the
five variables only the slope changes from number fifth to sixth, so that the number fifth of the MII matrix
slope changes to soil type, which increases from the number seventh of the MDI matrix, this means that in
the long term soil type will have a greater influence than other variables related to flooding, with waste from
sixth in MDI moves to seventh in MII, this means that waste does not have much effect in the long term,
because in its application the government manages waste in rivers by installing trash racks or cleaning river
garbage with heavy equipment on a regular basis, besides that, many communities are also aware of the
impact of garbage in rivers on the environment, especially the effect on flooding, so they carry out river
clean activities which are a combination of people care about rivers, the community and the government
(Putranto, 2021).

i o | @ | ==
|MDI matrix v MII matrix v
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Figure 8 Changes in the ranking variable from MDI to MII based on influence

Based on the level of dependence, the variables can be changed in the ranking (Figure 9). From Figure 9
it is known that the five variables with the highest order based on dependence are land cover, EWS, Slope,
Infrastructure, and Elevation. Of the top five, there are three variables that experienced a not very significant
decrease, which dropped one rank from MDI to MII, namely land cover, slope, and elevation variables.
While the variables that experienced an increase based on the level of dependence were EWS, Infrastructure,
and population density, each of which increased by one rank, meaning that the three variables in the long
term had a higher dependence which was influenced by more other variables. Based on the results of the
study that land use and land cover changes have an important effect on intensifying the flooding process
(Dewan dan Yamaguchi 2008) (Thanvisitthpon, 2019) and have an effect on the runoff coefficient, which
affects the flood flow discharge (Ariyani et al., 2020).

Changes in the position of variables on the influence-dependence map from MDI to MII can also be
known through the displacement map (Figure 10). This map shows which variables have increased,
decreased or remained constant in the long term. In Figure 10 it can be seen that most of the changes in
variable displacement only occur in the quadrant, except for river waste that moves from quadrant 1l relay
variable to quadrant Il dependent variable, with institutions moving from quadrant IV (autonomous
variable) to quadrant 11l (dependent variable).
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Figure 9 Changes in the ranking variable from MDI to MII Based on dependency

Displacement Map

Influence map with indirect displacement (generated in LIPSOR-EPITA MICMAC) (Figure 10), in this
influence diagram, the small shaded points represent the influence and relative dependence of each factor
based on its direct interaction, whereas displacement is based on indirect interaction represented by lines

extending from the shaded points.
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Figure 10 Displacement map by influence direct and indirect

Based on Figure 10, it can

be seen that the relative shift of each factor can be interpreted as an

indication of how each factor behaves in the wider system. In other words, its effect can increase or decrease
depending on how it interacts with other factors. Institutions, land cover population density, garbage in
rivers, and soil types shifted the most in this analysis or had the largest displacement. All of these factors will
have a greater impact on the system.
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CONCLUSION

Flood disasters, especially in developing countries, occur very often, especially in Indonesia, which only
has two seasons, namely the dry and rainy seasons, because many factors cause floods such as natural factors
from rainfall and human or anthropogenic factors such as changes in land cover, poor infrastructure.
Inadequate, including poor drainage systems, and when developing strategies and scenarios in flood disaster
reduction, often the available methods fail to reveal the essence of the complex flood control system.
Therefore, the main purpose of this study is to overcome this problem by finding the most influential factors
that cause flood disasters with the MICMAC method to determine various classifications of variables. By
taking the Ciliwung Watershed as the study location to show the variables that cause flooding. The key
variables or influence variables on flood hazard are in quadrant I, namely rainfall and distance from the river.

From the results can see various types of variables and their effects on flooding. From the actual direct
influence variable to the potential dependence of the indirect variable, they show the same influence or
dependence on each other. In addition, the MICMAC method makes it possible to make priorities for each
variable that helps policy and decision making to be able to identify the most influential variable according
to its dependence and influence on other variables in the second quadrant, which has a high dependence on
other variables are land cover, population density, slope, soil type and garbage in the river, and then in the
third quadrant is a variable that has a small effect but depends a lot on other variables, namely elevation,
EWS kand infrastructure, and in the fourth quadrant which does not have much effect or influence other
variables is institutional.

The results of the Ciliwung Watershed based on the MICMAC, it can be explained that the key
variables causing floodings are rainfall and the distance from the river based on the direct influence matrix,
with the first number that affects the most is rainfall, which means that rainfall directly affects the occurrence
of flood disasters, with the distance from the river being in second place, which means the distance from
settlements to the river has an effect on the impact of the flood disaster, so that what the government does to
reduce the impact is by making regulations on river boundaries (Indonesian Government Regulation, 2011)
is appropriate, but in this case, there is a lack of supervision over the implementation of the regulation, so it
doesn't run optimally. Other direct influence factors that cause flood disasters that have a major impact on
the problem but at the same time also have a high dependence on other variables are trash in rivers,
population density, land cover, and slopes called relay variables, while the type of soil is on the relay
variable and dependent variable, this means that the type of soil here has a strong dependence on other
variables, but the effect is not too large on other variables. All types of variables, both hazard, vulnerability,
and capacity factors, will have a large and interrelated effect, this can be seen by the many variables that are
in quadrant 2, of course, the existence of variables in this quadrant must receive special attention and
handling, because their attachment to other variables is quite large, while for quadrant 3, namely
Elevation/topography, EWS, and Infrastructure, it has a dependence on other variables, which affect flood
disaster management.

Any improvement in understanding the key variables of a system will lead to the formation of better
scenarios and strategies for the development of the system. Although the MICMAC method can describe the
complexity of the relationship between variables in detail, this method needs to be developed further so that
it can better reflect the interdependence between variables, including economic, social, environmental,
religious education, and others that can cause flood disasters, which are more diverse and complex in
developing countries, in this case, conducting a comparative study of the effectiveness of various methods
such as MICMAC in combination with AHP or ISM to show more complex results by comparing several
methods.
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