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ABSTRACT

Stakeholder play a crucial role in flood mitigation. This study aims to identify the key stakeholders
in Ambang watershed for flood mitigation on Greater Malang. We employed Intrepretive
Structural Modelling (ISM) approach a focus on Greater Malang. The results indicate that BBWS
Brantas (A1), Balai Brantas Sampean (A2) and Forum DAS Brantas and TKPSDA are the key
stakeholder. BBWS Brantas (A1) and Balai Brantas Sampean (A2) are identified as significant
stakeholders at Level 1, as shown in the table. Every action performed by these stakeholders will
determine the success of the flood control program. Conversely, if these stakeholder elements are
not given sufficient attention, it will lead to program failure. At level 2, the watershed forum and
the Brantas TKPSDA (A7) serve as a bridge between organizations to develop a shared strategy
for managing the Ambang river basin in Malang Raya, specifically addressing flood issues in an
integrated and sustainable manner involving important stakeholders. This study provides a fresh
perspective on gaining a comprehensive understanding of the key stakeholders involved in flood
management in Greater Malang.

1. INTRODUCTION

The causes of flood disasters in the Indonesian Disaster Risk Book [1] include the critical condition
of river basins due to reduced infiltration of rainwater into the aquifer system and increased soil
erosion, resulting in high sedimentation in channels and estuaries. Inadequate capacity of the flood
defense system. Land conversion from vegetation cover to non-vegetation cover in river basins
(DAYS) is increasing. This change adversely affects the hydrological conditions of watersheds by
increasing peak flows, seasonal runoff variability, surface runoff coefficient, sedimentation, floods
and droughts [2]. Population growth, coupled with increased development efforts, has led to a
change in land use trends in Indonesia. Land use patterns often do not match the land's capacity,
resulting in problems such as the presence of numerous critical areas, degradation of fertile land
and soil pollution [3]. In 1994, 39 super priority watersheds in Indonesia were critically degraded.
The number of damaged super priority watersheds had increased to 58 [4]. The Ambang sub-
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watershed was identified as a critical super priority watershed. Field observations of successive
floods in East Java Province reveal a concerning level of land degradation in the upstream part of
the watershed. This degradation can be attributed, at least in part, to inadequate management
practices.

It is anticipated that there will be a significant increase in flood risk in the future, primarily as a
result of climate change [5]. When heavy rainfall occurs, along with inadequate drainage and
overflowing river banks, it can lead to flooding. This is especially concerning due to the increasing
frequency and intensity of extreme weather events. It has been documented that there is an increase
in rainfall intensity due to an increase in heavy rainfall [6]. Recently, the Eastern Province of Java
has been affected by extensive flooding due to heavy rainfall, with the potential for worsening
conditions in the future [7,8]. Floods can have significant impacts on society, both directly and
indirectly [9]. The problem of watershed degradation and land conservation is primarily an
institutional issue related to land rights and ineffective interactions between agencies responsible
for protecting watershed quality [10].

2. LITERATURE REVIEW

Reed [11] states that the term "stakeholder" was initially documented in the 17th century. A
stakeholder is a group or individual within an organization [12]. People, communities, or
organizations can be affected by policies or laws that may have an unfair impact on one side when
it comes to reducing the risk of flooding [13]. An activity or policy may have different financial
impacts on different parties [14]. Stakeholders are individuals or groups who have the ability to
impact or be impacted by the organization's goals. It could be any type of policy, initiative, or
development project. The text states that there are 15 references. All individuals, communities,
socio-economic groups, and institutions at various levels and dimensions of society can be seen as
stakeholders [16]. Every group possesses valuable resources, and it is crucial to include them all
in the decision-making process for development initiatives. Proper decision-making cannot be
effectively carried out by a single group [17].

When it comes to the involvement of stakeholders in the implementation of flood risk reduction,
two important factors to consider are their active participation and how they are categorized.
Stakeholder interests are categorized based on classification, distinguishing them from supporting,
main, and other categories. The stakeholders are the ones who primarily benefit from both the
positive and negative impacts of an activity. Supporting stakeholders are the intermediaries that
facilitate the execution of activities.According to source [ 18] Supporting stakeholders encompass
a wide range of entities, such as government agencies, non-governmental organisations (NGOs),
the commercial sector, financiers, implementers, regulators, and various others. Ultimately, the
stakeholder group is comprised of individuals or significant groups with formal or informal
interests. These stakeholders play a crucial role in ensuring the issue is addressed and operations
run smoothly. One effective approach to accomplish the goals while conducting the operations is
by engaging the stakeholders. It is anticipated that their involvement will lead to the prompt
development and execution of an action plan [19].
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If there is harmony and cooperation between national and local governments and related
institutions within an area, watershed management will work effectively. Coordination should
always be the basis of agency relationships in watershed management to avoid duplication or
conflict of interest [20].

This research aims to assess the factors that influence stakeholder involvement in integrated
watershed management for flood prevention in Greater Malang. The analysis was conducted using
the ISM Professional 2.0 tool, which uses the Intrepretive Structural Modelling (ISM) technique.
The ISM Professional 2.0 program, which uses the Intrepretive Structural Modelling (ISM)
technique, enables the visualisation and exploration of complex stakeholder data. ISM simplifies
data by reducing its dimensionality, allowing for better interpretation and communication.

The program also allows for the identification of important stakeholders necessary for the
maintenance of flood management. This information is valuable for informing management
decisions and flood management strategies. This application is incredibly versatile and can easily
be customized to meet the needs of various stakeholders and accommodate different data formats.
As a result, it proves to be an invaluable tool for conducting flood management research.

This paper's uniqueness stems from the utilization of the ISM programme. Furthermore, the
utilization of Interpretive Structural Modelling (ISM) allows for a comprehensive grasp of the
elements that impact important stakeholders. This paper offers a fresh outlook on assessing flood
control strategies and their effects on integrated watershed management, with a specific focus on
the Malang metropolitan area. It offers valuable perspectives on the long-term viability of flood
management in a watershed context.

The article is organized into four main sections. The initial part is the introduction. This section
offers a concise overview of the significance of watershed and flood management. Effective
watershed management strategies for flood control necessitate the participation of various
stakeholders. The second section provides a detailed description of the study process and outlines
the approach utilized to measure important stakeholder attributes through the ISM methodology.
In the last section, you'll find the study's results, where the research findings are presented. The
study has identified several important stakeholders involved in ensuring the long-term viability of
flood management. In the conclusion, the main findings of the study are highlighted, underscoring
the significance of taking into account various factors for sustainable flood management. The
findings emphasize the importance of involving multiple stakeholders.

3. RESEARCH METHOD

The study was conducted at the Ambang Sub-watershed in Malang Raya, East Java Province. The
upstream section falls under the jurisdiction of the Batu City Government, the middle section
under the jurisdiction of the Malang City Government, and the downstream section under the
jurisdiction of the Malang Regency Government.
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Figure 1 Map Of Ambang Watershed in Greater Malang

The acquisition of secondary data was accomplished by conducting literature searches of study
findings, literature reviews, reports, and records from various pertinent agencies. Primary data is
obtained by conducting fieldwork and gathering expert responses through questionnaires. Primary
data refers to information that is obtained directly from the original source and recorded for the
first time. Seven specialists were interviewed in total [21]. An optimal number of experts falls
within the range of 3 to 7 individuals. The study involved the deliberate selection of 5 respondents
who met specific criteria: they had knowledge of the subject being studied, were familiar with the
research site, held at least a Master's degree in education relevant to the required expertise, and
worked as a researcher, practitioner, or relevant government official [22].

The Intrepretive Structural Modelling (ISM) approach is employed to analyze the key
stakeholders involved in flood control. This analysis is conducted using the ISM Professional 2.0
program. The ISM programme assesses the implementation of forest management methods. The
Interpretive Structural Modelling (ISM) technique was first introduced by J. Warfield in 1973.
ISM, or Interpretive Structural Modeling, is an effective method for arranging intricate problems
[23].

The process of structuring commences by assembling a group of specialists, under the guidance
of a facilitator, to engage in brainstorming or conduct a focus group discussion (FGD) in order to
capture the viewpoints of the authors. A map is generated to depict the interconnections among
variables in an intricate scenario. This approach entails using seasoned professionals with genuine
competence to deconstruct a complex system into various subsystems and develop a hierarchical
model. The hierarchical model improves comprehension of the components in an intricate
scenario and enables the formulation of a strategy to tackle the issue.
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Past studies have utilized ISM to discover solutions to a wide range of complex problems. As an
observer, Khan et al [24] utilized ISM and group problem solving techniques to pinpoint the
primary obstacles to green technology transfer. Another study on technology transfer was
conducted in China [25]. It examined the relationship and hierarchy of key factors in international
technology transfer through the use of ISM and the Delphi technique. In a different field, Li and
Yang [26] conducted semi-structured interviews and used ISM to examine the significant waste
variables in office building retrofit projects. A more recent study has sought to develop an
alternative assessment tool for energy efficiency and optimization by combining ISM and
Analytical Hierarchical Processing [27].

The typical steps of the ISM method are as follows:

1. Make sure to include multiple sub-elements for each element.
2. Present paired comparisons to determine if there is a contextual relationship between the sub-
components of each element, based on expert opinion.
3. Assign the letters V, A, X and O to the Structural Self Interaction Matrix (SSIM).
In the ISM model, the relationship between the dependent variable and the contextual elements is
expressed using the letters V, A, X, and O. It appears that the sub-element ke-i is connected to the
sub-element ke-j, while the sub-element ke-j is not connected to sub-element ke-i. There is a
relationship between sub-element ke-j and sub-element ke-i, but sub-element ke-i is not
reciprocally related to sub-element ke-j.

X: The sub-element ke-i is connected to the sub-element ke-j.
There is no connection between sub-element ke-i and sub-element ke-j.

Connections between sub-elements, represented by a matrix of cells containing letters (VAXO),
are converted into a matrix. Working with the reachability matrix, testing and transforming it.
Boolean operations need to satisfy reflexive and transitive conditions in order to determine the
reachability of a matrix. If not, the program executes recursive multiplication operations to
establish a closed matrix condition, resulting in a causal looping. By replacing the symbols V, A,
X, and O with the numbers 1 or 0, the Reachability Matrix (RM) table is formed.

The sub-elements are classified according to their respective levels according to specific rules.

a. Make an RM matrix according to the levels of transitivity.

b. Assess the achievability horizontally for sub-elements with a value of 1 to determine the
level of each sub-element.

c. Find the antecedent by aligning it vertically with sub-elements that have a value of 1.
Think of the intersection as a collection of values that are common to multiple sets.

e. When the reachability and intersection values match, it becomes possible to determine the
level of the sub-element.

f. Remove sub-elements with predetermined levels.
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g. Repeat the process until the levels of all the sub-elements have been determined. Align the

sub-elements within each element either vertically or horizontally.

Arrange the Driver Power Dependence (DPD) matrix for each component. The elements are
categorized into four quadrants for classification.

a.

Quadrantl,The elements are categorized into four quadrants for classification.rred to as
unrelated (autonomous), the sub-elements have a driving power (DP) value that is equal
to or less than 0.5 X, along with a dependence value (D) that is equal to or less than 0.5 X.
Each element is measured by the number of sub-elements it contains. Sub-elements in
quadrant I are usually unrelated or insignificant to the system, just as a data scientist would
analyze.

Quadrant II, also known as "Not Free (Dependent)", consists of sub-elements that have a
Driver Power (DP) value of 0.5 X or lower and a Dependence (D) value of 0.5 X or higher.
Each element contains a certain number of sub-elements, denoted by X. Elements in
quadrant II rely on the data from elements in quadrant III.

Quadrant III. The sub-elements have a driving power (DP) value that is equal to or greater
than 0.5 X, along with a dependency (D) value that is equal to or greater than 0.5 X. Each
element contains a certain number of sub-elements, denoted by X. Analyzing elements in
quadrant III requires careful consideration, as any action taken on one element will
inevitably impact the other elements in quadrants II and IV.

Quadrant IV, also referred to as the Activator (Independent), consists of sub-elements that
have a Driving Power (DP) value that is equal to or greater than 0.5 X, and a Dependence
(D) value that is equal to or less than 0.5 X. Each element is represented by X, which
denotes the number of sub-elements.

4. RESULT

The roles of the parties are categorised according to their interests in the management of the
Ambang catchment. influence/authority Influence is the authority or power that emanates from an
institution to influence the implementation of management actions in the Ambang catchment. The
parties have varying degrees of influence and interests in the management of the Ambang
catchment.

Table 1. Value Driving Force and Dependance
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The elements are categorized into four quadrants for classification.Table 1 presents the driving
power and dependence level of each variable in causing completion delays. By analyzing this data,
one can gain insights into the unique attributes of each factor. BBWS Brantas (A1) and Balai
Brantas Sampean (A2) are considered to be important stakeholders at Level 1, as indicated in the
table. Identifying the root cause characteristic involves pinpointing the factor that has the greatest
impact and the least reliance on other factors.  The effectiveness of the flood control program
relies on the actions taken by the stakeholders. Ignoring these stakeholder elements can lead to the
failure of the program. Ensuring that all stakeholders receive adequate attention is of utmost
importance. Operating at level 2, the watershed forum and the Brantas TKPSDA play a crucial role
in facilitating collaboration among various organizations. Their main objective is to establish a
unified approach for effectively managing the Ambang river basin in Malang Raya. This approach
focuses on tackling flood problems in a comprehensive and long-lasting way, engaging key
stakeholders.

5. DISCUSSION

Understanding the contextual relationship of each factor and considering the potential relationship
between two factors (a and b) requires careful consideration of the direction of the relationship.
Table 1 illustrates the four symbols that indicate the relationship direction between two factors, a
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and b. After analyzing the data from questionnaire A, we generated the SSIM matrix and displayed

it in Table 2..
Table 2. Matrix SSIM

SSIM
## (.11 [,2] (,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10] [,11] [,12] [,13]
S8 [1,] NA TR0 Ep=iivpmE maRaegesepE s mgw e e e e e S e .y
## [2,]NA NA "0 "0" “"0" "0 "0 "0" "0" "0" "0~ "0" "0O"
# [3,]NA NA NA “O" "O" "O" "O" "0" "Oo" "0" 0" "0" “o"
## [4,]NA NA NA NA “O" "O" "O" "O" "0" “"O" "0 "0" “o"
## [S,JNA NA NA NA NA “"O" "O" "O" "O" "O0" “"0" "0" “o"
## [6,JNA NA NA NA NA NA "O" "O" "O" “"O" 0" "0" “o"
# [7,JNA NA NA NA NA NA NA "O" "O" "O" 0" "0" “O"
## [8,]JNA NA NA NA NA NA NA NA “O" “"O" 0" "0" “O"
# [9,]JNA NA NA NA NA NA NA NA NA “O" “"O" “O" “O"
## [10,] NA NA NA NA NA NA NA NA NA NA “"O" "0" “O"
# [11,]NA NA NA NA NA NA NA NA NA NA NA  “O" “O"
## [12,]NA NA NA NA NA NA NA NA NA NA NA NA “O"
## [13,]NA NA NA NA NA NA NA NA NA NA NA NA NA

Now, let's move on to the next step of the ISM approach, which involves generating an initial
reachability matrix using SSIM. This can be achieved by substituting the four SSIM symbols (V,
A, X, or O) with binary digits 1 or 0 in the initial reachability matrix. Here are the guidelines for
replacements: When V is the value of entry (a, b) in SSIM, the reachability matrix will reflect this
by assigning a value of 1 to entry (a, b), and a value of 0 to entry (b, a). If the value of entry (a, b)
in SSIM is A, then the corresponding entry in the matrix will be 0, while the entry (b, a) will be 1.
If the entry (a, b) in SSIM is X, then the corresponding entry in the matrix will be 1. Similarly, the
entries (b, a) will also be assigned a value of 1. If the value of entry (a, b) in SSIM is O, then the
corresponding entries in the matrix will be set to 0. Similarly, the entry (b, a) will also be assigned
a value of 0. Table 3 displays the initial accessibility matrix.

Table 3 Initial Reachability Matrix (RM) —
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The affordances encompass both the component itself and any other factors that may exert an
influence on it. The collection of antecedents comprises the factor itself and those factors that have
the potential to have impact on it. The intersection of this set determines the components and their
respective levels. Factors that have identical range and intersecting points are positioned at the
highest level of the ISM hierarchy. elements at the highest level do not have priority over other
elements in the hierarchy. During the process of identification, these elements are excluded from
consideration, and the same process is repeated to find factors at the subsequent level. This
technique is iterated until the level of each factor is ascertained. The inclusion of these levels is
crucial in the construction of an ISM diagram.

The ISM diagram is organized according to a visual depiction of the connection between variables,
as illustrated in Table 1. The figure identifies BBWS Brantas (A1), Balai Brantas Sampean (A2),
and the Brantas DAS and TKPSDA Forum (A4) as the main stakeholders.The correlation between
the variables at level 1 indicates that the policy of BBWS Brantas (A1) can also have an impact
on the Sampean Brantas Hall (A2). This scenario exemplifies the impact of policy on execution.
A1l and A2 are closely linked to the policy dimensions of the project, necessitating a thorough
examination of the government's policy administration concerning river basins and flooding.The
final affordability matrix is derived from Table 4 by applying the principle of transitivity. The
reachability matrix quantifies the 'driving power' (influencer power) and 'dependence power' of
each supporter. In the final affordance matrix table, the driving power for A1 (BBWS Brantas) is
decided by the total count of values entered in this row, which is 13. The 'Dependence Power' for
A1, which represents the number of entries in the column, is 4. The values for 'Driving Force' and
'Dependence Power' have been computed for all the remaining supporters and are presented in
Table 1

5. CONCLUSION

When it comes to reducing flood risks, not all flood management actors are equally important.
When it comes to mitigating flood risk, every stakeholder has their own unique priorities.
Restoration, humanitarian concerns, security, money, reputation, primary responsibilities,
incentives, and relocation are all part of this. Among the many goals that have an effect on flood
risk reduction, two stand out: restoration and humanitarian considerations. When it comes to
lowering flood risks, these primary goals are crucial. As part of the restoration process,
stakeholders are motivated to cultivate, preserve, and enhance infrastructure and natural resources
like floodgates, levees, and rivers. When addressing this matter, remain impartial and refrain from
using prejudiced terminology. It is possible to classify those involved in the fight against floods as
either beneficiaries, middlemen, or legislators. National strategies for disaster risk reduction are
made by BBWS Brantas and Balai Brantas Sampean. In order to lessen the likelihood of floods in
the Malang region, they are crucial. In order to foresee potential flooding issues in Greater Malang,
it is critical to observe coordinated efforts among all relevant parties.
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