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Abstract. Disagreements among experts in organizing marine security patrols whether a single
or multi-agency system is an interesting question. So, this study focused on the problem and
investigation of important factors to support decision making. The data collected and explored
through focus group discussions and then analyzed using Fuzzy Analytic Hierarchy Process
(Fuzzy-AHP) and Dominance-Based Rough Set Approach (DRSA). The results not only show
that a single agency system is more critical in managing marine patrol operations in Indonesia,
but it also explores the underlying factors as evidence in such a way that it becomes an essential
ingredient in formulating a solution strategy. Finally, we recommend a further analysis through
other approaches, since there is evidence shown that multi-agency system is still an exciting
alternative for marine patrol system.
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Introduction

In Indonesia's perspective, the sea is the liaison and unifying of the islands. These conditions
provide many advantages such as national and international shipping traffic. Meanwhile,
geographical constellations with many islands and straits also have potential vulnerabilities and
conflicts, such as piracy, theft of marine wealth, people smuggling, human trafficking, illegal
fishing, and other threats that impact national security (Forbes 2014). Indonesia has ten
maritime borders with neighboring countries, namely: Malaysia, PNG, East Timor, Palau,
India, Australia, Philippines, Singapore, Vietnam, and Thailand. Therefore, in the sea border
areas, there is potential for security threats that could include environmental violations and
sovereignty as well as illegal activities that have a disruptive effect on national stability (Anwar
2006). Today, the crime mode at sea is increasingly involved, so it requires not only
coordinated management to be more efficient but also needs support in various ways (Siswanto
2015).

In Indonesia, the management of marine security patrol is carried out by several agencies.
The existence of overlapping authority among the agencies in charge of securing the marine
areas is a matter of supervisory and operational management that must be appropriately solved.
The question that arises is whether the selected single agency will eliminate the function of the
marine patrol that currently held by many organizations. If it is still multi-agency, how to set
so that each service does not overlap? (Siswanto, 2015).

In this paper, we will discuss the organizing patrol issues with a multi-criteria decision-
making approach to understanding the most important decision criteria. We hope that this
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approach will complement the existing literature on the discourse of marine safety patrol
management that uses descriptive qualitative approaches.

Literature review

There are many studies and expert opinions related to the selection of multi or single agency
systems of marine patrol (Chapsos and Malcolm 2017; Collin 2016; Febrica 2015; Keliat 2009;
Li and Cheng 2007; Parameswaran 2016). The discourse of agency system on marine security
patrol is related to two approaches: a security approach for a single agency system and a
prosperity approach for a multi-agency system(Kemenkeu 2014). In a security approach, there
will be only one agency (a single agency system) where its primary function is the function of
security and sovereignty, while other features are secondary. In contrast, the prosperity
approach will involve many agencies in law enforcement of the sea according to the portion of
authority. Paper presented by representatives of Indonesia's finance ministry on focus group
discussion recommends a multi-agency system because the prosperity approach is more
important than the security approach to Indonesia's current situation and condition. And in fact,
in the face of increasing threat, the multi-agency system currently operating in Indonesia, its
effectiveness has been much complained (Siswanto 2015).

The best practice of a single agency system is Malaysia, Sweden, Vietnam, Sri Lanka,
United States and others. The advantages of the system are simple, straightforward, and a sound
command system. While the deficiency is the dispute of administrative, management, and
juridical responsibility, and not guaranteed to be free from corrupt practices. While best
practices of multi-agency systems are Indonesia, Argentina, South Korea, France, Australia,
and others. The advantages of the multi-agency systems are related to clear administrative,
management, and juridical accountability (by individual agencies). While the disadvantage is
that there is often overlapping implementation of marine law enforcement when implemented
by more than one office, especially when there are inconsistencies of regulations, or procedures
and mechanisms that are not clear (Guilfoyle 2017).

Factors that influence Marine Patrol Management

Investigations of various factors related to the effectiveness of coordinated marine patrols
can be inferred from the multiple research results associated with it. For example, the law is not
clear; the overlapping of authority among agencies in securing large areas; and the lack of
facilities or infrastructure to support the implementation of patrols. A survey conducted by
‘Balitbang Kemhan’ (R&D Agency of MoD Indonesia) found other factors in conducting
maritime security patrols, such as the absence of regulations governing coordinated patrols;
insufficient personnel power, adequate funds, and vessels; and unsupported security culture
(Balitbang Kemhan 2016).

Indeed, each agency does coordinated patrol agreements with neighboring countries, such
as Malaysia, Singapore, Philippines, Thailand, and Australia. Unfortunately, most
organizations have not yet involved other agencies, still coordinating according to its interests,
this behavior indicates that there is a sectoral interest to be accommodated, as well as
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differences in doctrine or standards of operations and procedures that need to be formulated and
applied.

In the context of multi-agency systems, the ineffectiveness of patrols due to limited
facilities in both quantity and size (Lobo 2005), and budget constraints (Peterson 2010),
especially for the procurement of defense and logistics equipment (Caifa 2016) is still a
significant obstacle. An onboard patrol using a naval vessel is a form of joint patrol involving
two or more agencies and focuses on accelerating the process of handling lawlessness at sea.
The onboard patrol always gets recommendations to apply, and to that end, they recommend
the formation of coordinated patrol troops by involving various elements. This Task Force must
be protected by law (Gilpin 2007). Also, they recommend the establishment of a support agency
which has functions in collecting, processing and distributing of marine information (Davis
2006). The support agency must be equipped with support facilities. Additional suggestions
that surfaced throughout the patrol activities include the need to define agency responsibilities,
increased understanding of each mandate, the prioritization of resource allocation,
improvement in interpersonal relationships among agency members, and an efficient and
streamlined public engagement procedure (Balitbang Kemhan 2016). Meanwhile, other
researchers also provide evidence about difficulties, such as difficulties in sharing information
and coordination (Tarmidi et al 2014). Roberts (2017) discussed the insufficient operational
budget. Kinney (2009) and Psarros et al (2011) found the lack of personnel and the complex
facing threat. Kittinger et al (2011) focus on marine patrol culture. Izurieta et al (2011) underline
the significance of relationships, capacities, skills, communication, and cross-cultural
information sharing. Those factors will be used as parameters in the analysis to support decision
making.

Several methods of decision-making support in the field of marine security have been
used (Z. L. Yang et al 2009). In the following sections, it will briefly review the literature related
to the methods used in this study.

Application of Fuzzy Analytic Hierarchy Process (Fuzzy-AHP)

Fuzzy-AHP is a popular method used in supporting decision making in the field of marine
security and related management, for examples (Jiasheng et al 2014), (Kambiz, 2011), and
(Ramos et al 2011). The use of fuzzy-AHP provides many advantages when there is uncertainty,
vague, and subjective nature of trust (Ashtiani & Abdollahi Azgomi 2015). In this paper, we do
not provide a mathematical description of the Fuzzy-AHP method because of the abundance of
literature that has explained about it. The general steps of the Fuzzy-AHP approach are inferred
from (Jiasheng et al 2014; Kambiz 2011; Ramos et al 2011).

Application of the Rough Set Theory

The Rough Set Theory (RST) introduced by Munakata & Pawlak (1996) and Pawlak
(1998) has proven to be widely used and developed as a tool in multi-criteria decision making
(MCDM). Sil et al (2013) used the method in the field of machine learning. Jato-Espino &
Canteras-Jordana (2014) used it in the civil engineering field. Namdeo & Jyoti (2014)
implemented the technique in data mining, and also Lee et al (2014) in health sciences. In
handling the inaccuracy or unclear information, RST allows the decision makers to disclose a
correct and objective evaluation and can control a bunch of information that is vague and
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subjective at the same time (Q. Yang et al 2017). The main problem in decision making using
the classic RST approach is the inconsistency (Szelag et al 2014), ranking problems, and
monotonicity (Btaszczynski et al 2013). The solution is called the Dominance Based Rough Set
Approach (DRSA) which permits to deal with inconsistencies typical to consideration of criteria
and preference-ordered decision classes, and it has been adapted to a wide range of decision
issues, including multi-criteria ranking issues. One of the rule induction algorithm for
dominance-based rough set approach is VC-DomLEM (Szelag et al 2014), and (Btaszczynski
et al. 2013), which generates minimal set of rules.

Methodology

The following framework is used to answer this research question: literature review,
comparative analysis of best practice and factor identification through focus group discussions
(FGD), and combined Fuzzy-AHP and DRSA analysis. The research design framework is
carried out with the following steps:

(1) The influencing factors are assessed based on literature.

(i1) Identifiable influencing factors are confirmed and discussed by all participants
through the FGD.

(ii1) Essential elements are analyzed using Fuzzy-AHP and DRSA to group decision
making.

(iv) Finally, the results of FGD, Fuzzy-AHP, and DRSA are discussed to recommend
agency options whether single or multi-agency in the implementation of marine
patrols.

The FGD is useful for exploring people's knowledge and experiences and can be used to
examine what, how, and why people think that way (Hvitfeldt-Forsberg et al 2017; Pohl et al
2015). The members of FGD discussed the ten factors derived from the literature. The elements
are about the type and level of threat in the patrol area, patrol regulations or standard operations
applied, the coordination and information sharing, the operational culture of joint patrols, and
the availability of patrol boats, personnel, facility, budget, and logistic support.

We conducted five FGD during April to October 2016 in five locations, namely Tanjung
Pinang, Batam, Sabang, Ambon, and Kupang. Total FGD participants were 55 experts
representing 13 government agencies related to marine patrol operations. We recorded each of
the responses and ideas, categorized and discussed in the overall analysis of this research. We
distribute the resume of the registered document at random to 13 personnel of FGD’s
participant as guidance in filling out the form of Fuzzy-AHP and DRSA. Table 1 shows the
compositions of factors influencing marine patrol that we inferred from literature.
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Table 1. Factors Affecting Marine Patrol

Component | Factor References
Mission e regulatory (Boots 2009)
o threat
Patrol Norm | e culture (Izurieta et al 2011; Kittinger et al 2011; Tarmidi et al 2014)

e coordination

e information

Capability | e vessels (Balitbang Kemhan 2016; Carolin 2007; Hozairi et al 2014;
. skill Paget 2016), (Hopcroftet al 2006)
o facility

Support e budget (Balitbang Kemhan 2016; Roberts 2017)
e Jlogistic

To measure the critical relative factors in this study, we use a framework of Fuzzy-AHP
suggested by (Buckley 1985). At last, we used DRSA approach that recommended by
(Btaszczynski et al 2013).

Result and Discussion

During FGD, factors influencing marine patrols have been discussed, see Table 1. Discussion
results in five FGD locations suggested establishing of integrated patrols and regulations.
Almost all regions stated that the current constraints are the lack of budget allocations, logistics,
personnel and ship shortages in both the number and size regarding threat complexity, areal
extent, and range of patrol missions.

Discussion on the importance of the integrated patrols, the majority of participants
suggested establishing a task force composed of representatives from all maritime security
agencies. There are two inferences: First, they require that the maritime security is still carried
out in a multi-agency manner; second, to minimize the patrol barriers, they recommend a joint
patrol.

We show the final weight of each component calculated using Fuzzy-AHP in Table 2
and the final crisp weight of each factor in Table 3.
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Table 2. Final Weight of Components

Component | Final Fuzzy Weight | Final Crisp Weight
Mission (0.249;0.573;1.181) | 0.644
Support (0.106;0.259;0.678) | 0.326
Capability (0.049;0.115;0.313) | 0.148
Patrol Norm | (0.029;0.053;0.137) | 0.068
CI™=0.042 CI* =0.023
Table 3. Matrix of Final Weights of Factors
Factor Final Fuzzy Weight | Final Crisp Weight
Threat (0.17;0.504;1.3) 0.619
Budget (0.007;0.226;0.765) | 0.322
Skill (0.013;0.073;0.44) 0.150
Regulatory (0.026;0.07;0.199) 0.091
Vessels (0.005;0.03;0.23) 0.074
Coordination | (0.007;0.034;0.192) | 0.067
Logistic (0.011;0.033;0.125) | 0.050
Information | (0.003;0.014;0.099) | 0.032
Facility (0.003;0.012;0.093) | 0.030
Culture (0.002;0.005;0.04) 0.013

Table 4. Matrix of Final Weight of Alternatives

Component Final Fuzzy Weight of | Final Crisp Weight | Prioritization Based on
Alternatives of Alternatives Crisp Weight

Single Agency | (0.203,0.832,3.881) 1.437 1

Multi Agency | (0.037,0.168,1.276) 0.412 2

Reviewing the weights across all factors in Table 3, we can see that the weight of threat
(0.619), budget (0.322), and skilled personnel (0.150) have the highest rankings. The
consistency rate (CR) concerning the goal was 0.023<0.1, then the output of the pairwise
comparison can be proven sufficiently consistent (Rabbani & Bahadornia 2013). The obvious
inference is the choice of a single agency system of the marine patrol strongly influenced by

high threat levels, low budget support, and inadequate personnel skill capacity.
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The results of DRSA using the VC-DomLEM algorithm are summarized in Table 5, that
further explains the conditions of each location in conducting a marine patrol. In Tanjung
Pinang, the result shows that the implementation of patrols at least with a multi-agency system
due to sufficient personnel skills conditions, or with a single agency system when shelter
regulations and operating standards are available. While in Batam the choice of single agency
or multi-agency is considered highly dependent on the coordination factor.

Table 5. The Result of DRSA (VC-DomLEM)

Location | Union Name | Accuracy | Cardinality | Rules

Tj. at most single | 0.333 5 Regulatory <= very low
Pinang at least multi | 0.636 8 Skill >= medium
at most single | 1 4 Coordination <= low
Batam
at least multi | 1 9 Coordination >= medium
at most single | 1 10 Culture <= low or regulatory <= very
low
Sabang
at least multi | 1 3 Culture <= medium or

coordination >= very low

at most single | 1 11 Skill <= low
Ambon

at least multi | 1 2 Vessel >= low

at most single | 1 9 Vessel <= very low
Kupang

at least multi | 1 4 Vessel >= low

Table 5 also shows that three locations (Sabang, Ambon, and Kupang) recommend
patrols with a single agency system and two sites (Tj Pinang and Batam) suggest a multi-agency
system. In the discussion there are some researchers arguing that the system of many agents in
the patrol is still fit by the present conditions. They proposed another method of validating the
results of the analysis, for example by the Shafer Dempster approach as used by (Zhou et al
2017), and especially when faced with budget allocation issues (Kemenkeu 2014). They also
underline the evidence of two study area is the evidence. The cumulative analysis in each study
area shows that although the budget is still a problem, the most urgent solution is not. Sabang
sees culture, regulation, and coordination as the most influential factors; Ambon is more
concerned with the availability of patrol boats and the capacity of personnel and skill, and so
it is with Kupang which emphasizes the importance of ships availability.

The allegations arose from this study that there is an agency's powerlessness behavior
due to the deficiencies. When the government established Bakamla as a coordinating agency
in maritime security, they immediately felt a growing sense of helplessness. The opinions of
those who approved the patrol were made through the establishment of a task force that
involved all the roles of the agency, in fact, they felt more considerable doubt about their next
position in the patrol. They want a role guarantee. This behavior is in line with what (Desai
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2016) emphasizes that in high risk, there is a tendency for agencies to collaborate with
regulatory agencies. It may also be a win-win solution that can satisfy the pro and anti patrol
task force using their full engagement in the task force, or at least, adjusting to the needs, patrols
should be done periodically (integrated patrol) on a regular basis.

Furthermore, the results of this study also inspire us that the decision-making of the patrol
system, if only based on the expert opinion of the subjects, is not enough. It is possible that a
conflict will arise. Nevertheless, the results of this study have shown essential criteria and
trends toward the two available alternatives. However, to ensure a more profound solution, we
recommend the need for a review using other approaches, such as the Advocacy Coalition
Framework (Pierce et al 2017; Weible & Sabatier 2007), the Shafer Dempster approach, and
Belief Function Theory (Tacnet et al 2017; Zhou et al 2017).

Referring to the recommendations of this study, we can ignore the choice of single agency
systems or multi-agency systems as we place more emphasis on the importance of
understanding the factors affecting patrols, rather than on both systems choices. In other words,
whatever the decision, they must still have the power to carry out effective marine patrols.
Moreover, for that, those factors should be the attention of all parties. The critical element of
marine patrol operation in each study location becomes clear, and it can be formulated into
strategic recommendations to improve the implementation of marine patrol operations. Thus,
the combined use of MCDM and its application in the choice of maritime patrol system remains
useful primarily because it can produce an overview of the factors that affect in each locus.

The fact is that DRSA results show that there is two research locus (Tanjung Pinang and
Batam) that prefer multi-agency systems, and the other three regions (Sabang, Ambon, and
Kupang) prefer single agency system. After discussions among the research teams, we
recommend investigating further concerning broader combine theories in the context of
MCDM, such as Advocacy Coalition Framework, Shafer Dempster approach, and Belief
Function Theory.

Conclusion

The choice of a single agency system in marine patrol operations is more gained
participant support, primarily referring to high levels of threat. However, the option of a
multi-agency mode is also supported if controlled conditions are available, adequate
budget support, availability of ships, and personnel capacity compliance. The issue of
patrol operations in each region varies. However, the four most influential factors are
high threat levels, inadequate regulations, low budgets, and lack of skilled personnel.
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