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Abgtract: One of the main issues in the agro-industry supplin is identifying and ranking different riskcfars to
maintain business continuity. This study discussesagro-food supply chain risk assessment for sahakipjack tuna
in Ambon. Related literature and expert intervigdestify risk factors that arise along the suppigia. These risk factors
are contained in internal risk, company externarational risk, and macro-level risk. This reseaaths to evaluate
comprehensively the risk factors of the smokedjaklpagro-industry supply chain, which are a ptjord be addressed.
The decision-making framework uses the BWM (Bestadlethod) to determine each risk factor's retativeight,
followed by a sensitivity analysis to determine halust the outcome is. Experts pick the risk faegsessment, and
then an optimization model is modelled to obtaewreight of each risk factor, which is calculatdthwhe help of Lingo
software. The findings show that three risk factails be prioritized to be addressed out of thevele risk factors
assessed, namely "Quality of the final productitidRcial instability," and "degradation of fish pdgtions." Sensitivity
analysis was also carried out to see the overallsimess of the results achieved. The weight oétected risk factor
("final product quality (R1c)") has its weight valehanged from 0.1 to 0.9 with an increase of Thkse findings are
expected to help smoked skipjack tuna agro-indus@magers make decisions to reduce supply ch&is aisd better
administration management to maintain the sustdityadf their business processes.

1 Introduction In a business environment that involves many adators

One of Indonesia's fishery commodities with quitéhe supply chain, different situations in both tinee and
promising market potential is skipjack tuna (Katsmws Place dimensions will create a situation of undetya

pelamis). Tuna and skipjack tuna fishery commoslitian
be exported as fresh, frozen, processed products asi
smoked skipjack [1]. Smoked skipjack tuna is one¢hef
products processed using a combination of treatraedt
the administration of natural chemical compoundsnfr
burning natural fuel. Currently, the skipjack tusapply
chain in the eastern region is the same as in Anmhamly
consisting of fishermen - large traders or Fish dgement
Units - small traders - processors, and then coassifg].

thereby creating risk agents. Risk can be defiredhea
possibility of losses arising or unexpected evehis to
uncertain conditions resulting in losses for thenpany
[3.4]. Risk cannot be avoided, but its overall ircipzan be
minimized with appropriate risk management throtigk
identification, evaluation, and mitigation to eresuthe
smooth running of the company's business procdSes
[6] define risk identification as a systematic mss for
identifying and categorizing risks and the caudesst.

Even though it is a mainstay commodity, the skipjacAccording to [7], Supply Chain Risk Management

fishery supply chain faces risks to business sushbdlity,

such as varying quality, post-catch handling preegssand
handling during loading and unloading, and the afsee

for cooling, which will have an impact on the qtabf the

smoked fish to be produced.

(SCRM) also includes risk identification and evdiloa,

which aims to reduce supply chain operational gisons

and their negative impacts. Risk evaluation isstage of
risk measurement and assessment that aims to #ssist
decision-making process in preventing risk [8].
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According to [9], research on Supply Chain Riskisks and assessing the supply chain risks of sthoke
Assessment (SCRA) for the agri-food context sékds to  skipjack tuna in Ambon. Therefore, this researd@viges
be improved compared to SCRA research for othewovelty by contributing to the AFSCRA literature by
contexts, such as the manufacturing sector. Seserdies identifying risk factors in three aspects, namelgcro-
on Agro-food Supply Chain Risk Assessment (AFSCRAgvel risk, operational risk external to the firamd internal
have been carried out using several multi-critégeaision- risk, as well as assessing risk factors relatedffiering
making (MCDM) methods, including Rathore et al.][LOBWM, especially the Skipjack tuna supply chain.
uses the Failure Mode and Effect Analysis (FMEA) Based on the explanation above, the formulatidhef
method combined with fuzzy VISekriterjumsko problem presented in this study is how to idenafyd
KOmpromisno Rangiranje (fuzzy-VIKOR) to determineassess risk factors for the smoked skipjack supphin
supply chain risk priorities in the foodgrains isthy. The and how priority risk factors help provide practicsights
FMEA method was also used by [11] which is integglat for company managers. By realizing the importante o
with fuzzy Technique for Order Preference by Sintja SCRM, the firm can arrange, execute, and manage the
to ldeal Solution (fuzzy-TOPSIS) and fuzzy Analglic SCM process to maintain the SC and the sustaibabfli
Hierarchy Process (fuzzy-AHP) in identifying andthe smoked skipjack agro-industry. This researaisdb
classifying supply chain risks in agricultural projs. identify risk and evaluate the risks of the smogkighjack
Likewise Suryaningrat et al. [12] used FMEA and AiHP tuna SC using BWM.
determining the risk weight of edamame commodities
the agricultural industry. Furthermore, [13] usduazy 2 Research methodology
House of Risk (FHOR) approach in identifying and  The methodical processes taken to accomplish the
mitigating agro-industrial sugarcane risks to inVero intended aims are known as research methodologg. Th
supply chain performance. The AHP based on spliericgudy examines the identification and risk evahrmatin
fuzzy sets (SF-AHP) approach was used by [14] iAmbon's supply chain for smoked skipjack tuna. This
investigating the impact of risks on agriculturaipply  research has gone through several stages, including
chains after COVID-19. Stage 1.ldentify initial supply chain mapping. At this

However, to the best of our knowledge, atage, an initial mapping of the smoked skipjackatu
comprehensive review of AFSCRA research for fisheryypply chain was done through interviews and previo
products is still very rarely carried out when ca@rgd to  research literature studies.
Horticultural products and general food and ott@df Stage 2Identify potential risk factors. At this stage, risk
products classified by [15]. Several AFSCRA stud®s factors are identified in three categories, nanmacro-
fishery products have been carried out by [16]sseasing |evel risk (MR), operational risk external to ttierf (OR),
supply chain risks for mackerels by conducting $atlons  and internal risk (IR), which were adapted from. [Bhe
using the Colored Petri-Net (CPN) method. Furtheeno jdentification process was taken out through lieme
[17] carried out risk identification, assessmenhda stydies and deep discussions with experts (manime a
mitigation in the tuna industry in three dimensiaofs fisheries office of Ambon, industry and trade offiof
SUStainabi”ty USing the HoR method. LikeWise, [18]A\mbon, academics’ smoked fish agro_industry grmm’
studied the identification and assessment of riskte  fishermen groups) and validated to obtain risk dest
operational aspect of the supply chain in the cdrioea (Table 1), which will then be used in preparingared

industry using the FMEA and VIKOR methods. Thecomparison assessment questionnaire with a scate ¥r
current research uses the best worst method (BWM), to 9 as input to the BWM model.

of the MCDM methods developed by [19], by ideritify

Table 1 Risk factorsin the smoked skipjack tuna supply chain
Categories | Risk Factor, Codesand Reference Definitions

Internal Lack of skilled workers (R118] Agroindustry faces a shortage of skilled work
Risk Financial instability (R1b) [20] Circumstances thdescribe the company's financjal
condition in arunstable conditic
Final product quality (R1c) [17,18] Decreaseimaf product quality that does not comply with

Indonesian National Standard 2725:2013, namely %,60
histamine levels > 100 mg/1C

Operasiong Demand uncertainty (R2a) [21] Uncertainty in demdhdt causes demand to suddenly
| Risk increase or decres
Supply quality (R2k [4,20] Quality of raw materials supplied from suppl
Supplier delivery delays (R2c) [5] Not being aldeleliver raw materials on time causes many
problem:
~ 362 ~
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Macro
Level Risk

Regulations and policies (R3a) [22]

pa

regulations limiting operational hours for catchohgring a

Unsupportivegutations and policies, for exampl

D

ndemic, managing fishing permits, increasing fuiees

Conflicts between fishermal

groups/agr-industry groups (R3k17] | in|

nConflict between members of society that is comgnsive

ife

Fish population degradation (Rq23]

Reduction in fish populations as a resuloverfishing

Damage and contamination (R3d) [18]
tra

Product dansagiecontamination during production and

nsportatio

Natural disasters (R3e) [5]

Potential losses causedhatural disasters such as |
weather, power outac

ad

Sage 3. BWM Application. In this phase, risk factors are
assessed by experts through a questionnaire ahdbewil
ranked by calculating the average optimal weightfich
risk factor resulting from BWM. Dr. Jafar Rezaei
developed BWM in 2015, a relatively new MCDM
technique. BWM uses two pairwise comparison vedtors
determining the weight of criteria; the first itbne that
is "best," the most important or most desirabléhefother
criteria, and the second is the "worst," such asl¢last
desirable or least necessary of the other crifgéh BWM
consists of several steps, namely:

i. Setofrelevant risk factors. In this phase, risk factors
are identified from the aspects of and macro-legél
(MR), operational risk external to the firm (OR),
internal risk (IR), which experts then validate,dan
there are eleven relevant risk factors (see Table 1
Selected the best and the worst risk factors. The
expert will select the "best" risk factor and tkeot'st"

risk factor from the risk factors that have been

identified. It can be decided randomly whetherritle
factor is the best or worse if there is a tie. @iaeision-
maker's judgment is wholly responsible for this.
Determine the preference of the best risk factor over
all the other risk factors. In this phase, a pairwise
comparison assessment is carried out between
"best" risk factor B) and other factorg € 1,2,...,n).
Then created in a row vector as in equation (1).

1)

Where ag; shows the best preference for risk fadBor
compared to risk factgr
iv. Determinethe preference of all the risk factor over the

Ap :(aBl’aBZ’ - Apy )

v. Modeling the optimization model and calculating the
optimal weight of each risk factor. This stage will
create an optimization model to calculate each risk
factor's weight, represented in equation (3). The
calculation of the weight of apiece risk factorngsi
Lingo software. The formulation to find the optimal

weight is modeled as follows:

wp

— _aB_
]

\Vj

wp

— _aB_
]

\Vj

3)

>

min max; {

Subject to,
ijj =]

W, =0, forall j

Then converted into a linear model as follows (4):

min & 4)
Subject to,
|WB—aijj|§ &, forallj
Zj w; =]

W; =0, for all j

3 Reault and discussion

89 Smoked skipjack tuna supply chain

The fish supply chain in Ambon starts with fisherme
who catch skipjack tuna. The number of skipjackatun
caught by fishermen ranges from 250-1000 in ondéogo
sea. Furthermore, the skipjack tuna is sold tcectdirs or
wholesalers, and some are also sold to the Fish
Management Unit (UPI) / cold storage to be useftoasn
products. After the fish is distributed to collegfitraders,
the fish is then sold directly to consumers or gvoa

worst risk factors. In this phase, a pairwise comparisonindustry to be made into smoked fish. Fish thatélused
assessment is carried out between the "worst” rigls smoked fish products are processed by smoking (3

factor (W) and other factorg € 1,2,...,n). Then created
in a column vector as in equation (2).

Ay

Ay

Ay= 2

Ay

4 hours) using hardwood or coconut shells to maurite
quality of the product. Next, the smoked fish igedily
distributed to retailers to be sold to consumersl an
processed into other food products. In generalstheked
skipjack tuna supply chain is shown in Figure 1.

Whereaw shows the level of preference for the worst

risk factorW compared to risk factgr
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collectors or Selected the best and worst risk factors
wholesalers In this phase, five experts determine the "best an
"worst" risk variables once given a set of pertingsk
Fisherma Agro-industri—y retailers — Consumer  factors. Experts were drawn from the provinciahdises
UPI/Cold and maritime service, city industry service, acadsm
Storage smoked fish agro-industry group, and fishermen grou
Figure 1 Smoked skipjack tuna supply chain based on years of involvement and work experience.

Interviews were conducted with experts directhagsess
3.2 Best worst method application risk factors on the questionnaire that had beeigued.
BWM will be used to assess risk factors identified he selection of the “best” and “worst” risk factdrom
from various literature and verified by expertseTesults the five experts is shown in Table 2.
of expert identification and verification througtetature
studies and interviews can be seen in Table 1.

Table 2 The best and wor & risk factors determined by experts

Risk factors Best risk factor | Worst risk factor
Lack of skilled workers (R1: Expert :
Financial instability (R1t
Final product quality (RL Expert 2, 4, and

Demand uncertainty (RZ
Quality of supply (R2t
Supplier delivery delays (RZ

Regulations and policies (R: Expert !

Conflict between fishermen/ag¢-industry groups (R3| Expert 4 and
Degradation of fish populations (R Expert 2 and
Damage and contamination (R

Natural disasters (R: Expert :

Determine the preference of the best risk factor over all  propensities for the best risk factor that had betersen
the other risk factors relative to the other risk factors. Table 3 illasés how

In this phase, by using pairwise comparisons or% 1Expert 4 chose the best risk factor compared teraikk
rating scale, the five experts were asked to rhtért factors.

Table 3 Best risk factor in comparison to other risks (expert 4)

Best to others Rla R1b Rlc | R2a R2b R2c | R3a R3b R3c R3d R3e

Best risk
Expert 4 factor (R1c 7 5 1 7 7 9 5 9 3 5 5

Determine the preference of all the risk factor over the  judgment of their propensity for other risk factat®out the

worst risk factors worst risk factors. Table 4 is an illustration ahatrix that
In this stage, using pairwise comparisons andiagat Expert 4 evaluated.

scale from 1 to 9, five experts were asked to thgr

Table 4 Wor<t risk factors compared to other risk factors (expert 4)

Expert 4
Otherstoworst (Wordt risk factor R3b)
Lack of skilled workers (R1a) 3
Financial instability (R1b) 3
Final product quality (R1c) 9
Demand uncertainty (R2a) 5
Quality of supply (R2b) 7
Supplier delivery delays (R2c) 7
Regulations and policies (R3a) 5
Conflict between fishermen/agro-industry groupsi(R3 1
Degradation of fish populations (R3c) 1/3
Damage and contamination (R3d) 5
Natural disasters (R< 7
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Modeling the optimization modd and find the optimal  for each risk factor. The following describes the
weight optimization model for Expert 4:

By completing the optimization model and the
restrictions in Equation 4, this phase finds thealdveight

min §L
Subject to,
Wi TWrialS E Wi SWiis|< & Wiie-IWpi | & 1 Wrpe TWrog|< €
[WiieTWrop|< E Wi IWroe < & 1 IWgse-5Wr3al < E 1wy Iwiap < €
[Wiie-3Wrsel < & 1 IWpie-SWrsal < & 1 lwrpe-Swrsal< &
1Wria-3Wrso| < & 1 1Wrip-3Wrap|< & 1 IWrie-9Wr3p| < E i lWrog-SWrsp|< & (5)
[Wiop-7Wr3b|< & 1 Wroe TWirap | E 1 Wisa-5Wr3p|< & i lwrap-Twesy|< &
[Wr3e-0.33wpsp|< fL;|WR3d'5WR3b|S §L;|WR3e'7WR3b|S fL
Wr1a TWRIb T WRIe TWR2a TWR2S T WR2e TWR3a T WR3H T WR3 TWR3aTWR3e = 1
WR1wWRIbWRIe WR20 WR2b WR20 WR3a» WR3b WR3e WR3d» WR34 20

Other mathematical models for experts 1,2,3, aatk5 stated by [19], the value of-" for this model may be
carried out the same way for expert 4. This opt@tidn directly regarded as an indication of the consistenatio
model is completed with the help of Lingo softwafee of pairwise comparisons, with a value &f near to zero
data processing results with Lingo software obtinegenoting a high level of consistency. The value6fis

optimal weights for each relevant risk factor frenperts close to zero based on the output results, sothgistency
1,2,3, 4, and 5 and are shown in Table 5. Addlllpnas of the pairwise Comparisons is reliable.

Table 5 Optimal weight for each risk factor

. Optimal weights (w;*)

Risks Factors Expert1 | Expert2 | Expert 3 | Expert4 | Expert 5
R1e 0.11¢ 0.04¢ 0.03¢ 0.057 0.037
R1k 0.19¢ 0.107 0.132 0.08C 0.112
R1c 0.02¢ 0.322 0.02¢ 0.33C 0.33¢
R2e 0.064 0.04¢ 0.02¢ 0.057 0.04¢
R2k 0.09¢ 0.064 0.132 0.057 0.067
R2c¢ 0.064 0.03¢ 0.02¢ 0.04% 0.04¢
R3¢ 0.04¢ 0.064 0.264 0.08C 0.067
R3k 0.04¢ 0.03¢ 0.03¢ 0.04% 0.037
R3¢ 0.21¢ 0.107 0.08¢ 0.08¢ 0.067
R3c 0.09¢ 0.064 0.08¢ 0.08C 0.067
R3¢ 0.024 0.107 0.132 0.08C 0.112
& 0.07% 0.00C 0.00C 0.071 0.00C

The simple average of the optimal weights producetie final results. Table 6 and Figure 2 show eask r
by the model for the five experts is computed tovite  factor's ultimate ideal weight and ranking.

Table 6 Optimal weight for each risk factor

Risk Factor Average weight (w;*) Average & | Ranking
Rle 0.05¢ 8
R1k 0.12% 2
R1c 0.20¢ 1
R2¢ 0.04¢ 9
R2k 0.084 6
R2c 0.044 0.029 10
R3¢ 0.10% 4
R3k 0.041 11
R3c 0.114 3
R3c 0.07¢ 7
R3e 0.091 5
~ 365 ~
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Average Weight Each Risk Factor

Natural disasters (R3e)

Damage and contamination (R3d)

Fish population degradation (R3c)
Conflicts between fisherman groups/agro-..

Regulations and policies (R3a)

Supplier delivery delays (R2c)

Supply quality (R2b)

Demand uncertainty (R2a)

Final Product Quality (R1c)

Financial instability (R1b)

Lack of skilled workers (R1a)

0,000

0,041

0,044

0,050
Figure 2 Smoked skipjack supply chain

0,091
0,079
0,114

0,105

0,084

0,049

0,125

0,059

0,100 0,150 0,200 0,250

The research results show that “final product tyalitreated carefully for the smoked skipjack agro-stduin

(R1c)" is the most critical risk factor for the skedl
skipjack tuna supply chain with the highest wei@h209.

Ambon City to operate sustainably. Financial ingitstis
an essential factor for the sustainability of basm

This is also reinforced by several previous stydiash as organizations because financial instability careetffthe
those conducted by [4,17,18] which show that thestmoperformance of business activities [20]. Smokegjakk
significant risk from fish agro-industry is a degse in the fish agro-industry players in Ambon City have a Bma

quality of the final product. The risk of "final quiuct

capital to run their business, so sometimes thh fis

quality" shows that the quality management systesy m purchased from collectors will be paid after thedurct is

not function properly from upstream to downstredanis
will impact business performance and pose a ridksing
consumers. Rasulu et al. (2020) state that orfeedfritical
points of the skipjack tuna agro-industry lies ospcatch
handling because it has a product that is easityaded
and contaminated with microbes. Apart from thatesal
factors can increase the risk of decreasing théityud
smoked skipjack tuna, including:

sold out, so agro-industry development becomegdiff
due to limited capital. For this reason, the
government/stakeholders need a critical role irviging
opportunities for agro-industry to develop [26] Isuas
reducing burdensome regulations, helping to fatdit
cooperation with financial institutions through mess
education, and encouraging subcontracting activitie

1) Unhygienic
processing: If the fish is not processed correatlg does

The third most significant risk factor, weightindl04,

not meet high sanitation standards, then therehés tfor the supply chain of smoked skipjack tuna isHfi

potential for
dangerous chemicals. This can hurt the qualityheffish

contamination by bacteria, germs opopulation degradation (R3c)". This is a significaisk

factor because it will impact the number of catcbés

and the risk of causing disease if consumed; 2klaic skipjack tuna, which will simultaneously affect gmmount

cooling process temperature: the cooling
temperature must be maintained between 0-E4to
prevent bacterial growth and histamine formatidsi;[3).
Poor quality raw materials: The quality of skipjaitika
used as raw material also affects the quality obked
skipjack tuna. If the fish used is not fresh or pesblems,
then the quality of the processed fish will alsceffected,;
4). Production process that does not meet standattie
smoked skipjack tuna production process is notedhout
properly or does not comply with established stasldhe
quality of the fish can decrease.

centaf smoked skipjack tuna production. [27,28] statieal

overfishing is one of the leading causes of fishytation
degradation. Many fishermen engage in irresponsible
fishing (overfishing), such as using fishing geaatt
damages the marine ecosystem or catching fislirstiieir
spawning period. As a result, the number of skipjana
has decreased drastically. In addition, habitatrdetson
also plays a role in the degradation of skipjackatu
populations. Destruction of coral reefs, mangro\ses]
other coastal ecosystems results in losing plackstand
food sources for skipjack tuna. The degradatiskidjack
tuna populations has a broad negative impact osupply

The following risk factor is "Financial instability chain of smoked skipjack tuna agro-industry. Thanesfto
(R1b)," which comes in second place with a weight covercome the degradation of the skipjack tuna pjuu,

0.125 in the final analysis. This risk element reetm be

the government has issued a measurable fishingyparid

~ 366 ~
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habitat preservation. Apart from that,
between the government, fishermen,

collabonatio
agro-industry Finally, the risk factors "Lack of skilled workers

entrepreneurs, and the community must also be edgagR1a)", "Uncertainty of demand (R2a)", "Delays in

for the skipjack agro-industry SC to be sustainable

supplier deliveries (R2c)", and "Conflict between

According to this study, the fourth significant kiis fishermen/agro-industry groups (R3b)" occupy thght,

factor, with a weight of 0.105, was "regulation gralicy
(R3a)". This risk factor may be a key risk factor the

ninth, tenth positions. And eleventh, with theispective

weights tending to be the same, namely 0.059, 0.049

smoked skipjack tuna agro-industry supply chain, @044, and 0.041. The lack of skilled workers ctso a

evidenced by regulations restricting fishing hodusing
the pandemic [4] and policies raising fuel pric8][
which have an impact on the high operational cfmsts
fishermen in fishing. For this reason, the govermtnas a
policymaker, needs to formulate a policy that ceovige
a win-win solution for all parties in the skipjatckna
supply chain.

affect the final product produced, so work expearéeis
needed from workers. Delays in deliveries from $iepp
also hurt the smoked skipjack tuna supply chairig il

further reduce the performance of the smoked skijana
agro-industry. Therefore, it is necessary to lawkseveral
suppliers as suppliers of raw materials for the l&do
skipjack tuna agro-industry to maintain the proaurct
process. Furthermore, conflicts between fishernggofa

In addition, the risk factors for “natural disaster industry need to be handled by building harmoniand
(R3e)”, “quality of supply (R2b)”, and “damage anddynamic social interactions in building relationshi

contamination (R3d)” are ranked fifth, sixth, are/enth
with respective weights of 0.091, 0.084, and 0.(619The
risk factor for natural disasters is the poteritak caused
by natural disasters such as bad weather as 4 ofsbk
current El Nino storm, blackout of the supply afattical
energy, which affects the power source for coldsgte for
skipjack tuna storage. The risk factor for the tyabdf
skipjack tuna supply for agro-industry also sigrafitly
impacts the quality of the smoked skipjack produdéd
risk factor for damage and contamination is also
significant risk factor for the smoked skipjack plyp
chain, which requires that the final product prastlibe in
accordance with the quality of the Indonesian Netio
Standardization.

through communication with the formation of fishemror
agro-industry groups [17].

3.3  Senditivity analysis

A sensitivity analysis was performed in this study
evaluate the general robustness of the results. rifke
factor with the most significant weight value inisth
sensitivity analysis had its weight adjusted froh @ 0.9
[30,31]. Table 7 below shows the outcomes of chamtiie
weight of the "quality of the final product (R1¢)sk factor
sensitivity analysis from 0.1 to 0.9:

Table 7 Weight of each risk factor during senstivity analysis

. Risk factor preference weight values
FRI?(S 01 | o2 [Nomall 531 04 | 05 | 06 | 07 | 08 | 09
actors ) ) (0.209) ) ) ) ) } } .
Rle 0.06¢ | 0.06(| 0.05¢ | 0.05%] 0.04f| 0.03¢| 0.03C | 0.027 | 0.01¢ | 0.00¢
R1k 0.142| 0.12¢| 0.12% | 0.117] 0.09¢ | 0.07¢| 0.06% | 0.047 | 0.03Z | 0.01¢
R1c 0.10C| 0.20C| 0.20¢ | 0.30C | 0.40C| 0.50C | 0.60C | 0.70C | 0.80C | 0.90¢
R2¢ 0.05¢ | 0.05C| 0.04¢ | 0.04:] 0.037| 0.0371] 0.02f | 0.01¢ | 0.01Z | 0.00¢
R2k 0.09¢ | 0.084| 0.084 | 0.07¢] 0.065 | 0.05¢] 0.04z | 0.03Z | 0.021 ] 0.011
R2c¢ 0.051] 0.04f| 0.04« | 0.03¢] 0.03¢| 0.02¢ | 0.02z | 0.01% | 0.011 ] 0.00¢
R3¢ 0.11¢| 0.10¢| 0.10% | 0.09% | 0.08( | 0.06¢ | 0.05: | 0.04( | 0.027 | 0.01¢
R3k 0.04¢ | 0.041| 0.041 | 0.03¢ | 0.031| 0.02¢| 0.021 | 0.01f | 0.01C | 0.00¢
R3c 0.12¢| 0.11f| 0.112¢« | 0.107] 0.08¢ | 0.07z | 0.057 | 0.04% | 0.02¢ | 0.01¢
R3c 0.09(| 0.08C| 0.07¢ | 0.07C | 0.06(| 0.05C | 0.04(C | 0.03C | 0.02C | 0.01c
R3¢ 0.104| 0.092| 0.097 | 0.087] 0.06¢ | 0.05¢| 0.04¢ | 0.03% | 0.02% | 0.012
Total 1.00C | 1.00C| 1.00C | 1.00C| 1.00C| 1.00C| 1.00C | 1.00C | 1.00C | 1.00C
These results, shown in Table 8 and Figure 3,
demonstrate that each weight varies, and the rgfirisk
factors shows minor fluctuations.
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Table 8 Ranking of each risk factor throughout the sensitivity analysis
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Figure 3 Graph of the weight of each risk factor during the sensitivity analysis

A little difference in the rating was discoveredaat
weight of 0,1 for the risk factor "quality of thim&l product
(R1c)", with the risk factor "Financial instabilifR1b)"
receiving the first place, not the second., th& factor
"Government regulation (R3a)" got the positiondhinot
fourth, the risk factor "Degradation of fish popida
(R3c)" is in second place, not third, the risk da¢Natural
disaster (R3e)" is in fourth position, not fiftmdathe risk
factor "Quality of final product (R1c)" is fifth sition, not
first. Furthermore, no changes were noted durinighte
variations of 0.2 to 0.9.

3.4 Theoretical and managerial implications

The research's theoretical and managerial impticati
are evident. In terms of theory, this research has
significantly advanced the field by breaking dolwe tisks
associated with the supply chain for smoked skipfana
into three categories: internal, operational, aadnao-level
risk. From a methodological standpoint, this stiglyhe
first attempt to use the BWM in risk assessmeniafo-
food supply chains. Using the BWM, it is possild@ssess
risk variables quantitatively and get the most eateiand
dependable answers.

This research substantially contributes to the tfomc
area in the managerial aspect. The results okthddy can
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assist professionals in comprehending the riskacéged done by avoiding setting meager prices by mediators
with the skipjack tuna agro-industry supply chainl @an or market intermediaries.

direct decision-makers in creating a proactive risk Accelerate the application of renewable energy
mitigation strategy to manage the risks alreadysqme technology for fishermen and agro-industry.
Based on the research findings, which are sumnuheze Accelerating the application of renewable energy
follows, some particular management implications ba technology for fishermen can help increase
developed: productivity, reduce operational costs, and redhee

Tightening the implementation of quality controldan environmental impact of fishing businesses. The
cold chain improvement from upstream to government and related institutions can provide
downstream. This effort is made to improve theityal incentives and support to accelerate the adoptfon o
and safety of food products involving the supplgioh this technology so that fishermen can access
from the production stage (upstream) to the renewable energy technology more widely and
distribution and consumption stage (downstream), effectively.

such as implementing strict hygiene and sanitation

standards in processing areas, as wellas usindesth 4 Conclusion and future research

equipment that is kept clean. The AFSCRA has been carried out using the BWM so
Easy access to capital in financial institution§Mow  that several conclusions can be drawn, namelytteae
interest. With easy access to capital from findnciare 11 risk factors identified from the aspectsntérnal
institutions with low-interest rates for agro-inthysit risk, operational risk, and macro-level risk. Usitige

is hoped that more agro-industry will obtain caddita BWM, the weight importance of each risk factor is
develop their businesses sustainably. This wilehav obtained, which is a focus for proposed handlirgtsgies.
positive impact on economic growth and improvingrhree risk factors are taken based on ranking iasitjgrs
community welfare, such as utilizing the People'so be handled, including final product quality (Rdith a
Business Credit Program (KUR), microfinancingweight of 0.29, financial instability (R1b) withveeight of
programs through Savings and Loans Cooperatives@n25, and degradation of fish populations (R3c).
Micro Financial Institutions (LKM), utilizing Furthermore, several managerial implications forrano
government programs oriented towards agro-industrgroactive risk mitigation are proposed, including
Application of measurable fishing policies andightening the implementation of quality control dan
selectivity of fishing gear. Applying measurableimproving the cold chain from upstream to downstrea
fishing policies and selectivity of fishing gear iseasy access to capital in financial institutionshwow-
essential to prevent the degradation of fisinterest rates, implementation of measured fispoigies,
populations. By paying attention to size, quoshifig and selectivity of fishing gear, formulating winswi
time, and fishing gear used, it is hoped that thle f solution policies for all actors in the skipjackiéusupply
population can be managed sustainably so thae# dachain, and accelerating the application of renesvabkrgy
not experience a significant decline. technology for fishermen and agro-industry.

Formulate a win-win solution policy for all skipjac There are a few limitations to this study. Using BW
tuna supply chain actors. This approach can like eleven risk factors were examined. This studyndt
implemented as 1) Empowering Fish Supply Chaiaxamine strategies for risk mitigation that woutttigess
Actors: The government must also empower all fisidentified risk factors. The scope of this studyghti be
supply chain actors through education, trainingl arnincreased to examine and find risk-mitigation meastor
access to the necessary information and knowledghe most critical risk variables. This research abso be
By providing adequate skills and knowledge, fistdeveloped by simulating the success of mitigation
supply chain actors can increase their capacity ®irategies for risk factors. Furthermore, this aesle can
manage the fish business, obtain greater profid, aalso be expanded to examine how different riskofact
improve product quality. 2) Infrastructure andinteract in the skipjack tuna supply chain usingesal
Technology Development: The government caMCDM methods such as Total Interpretive Structural
develop the necessary infrastructure to facilitatdlodelling (TISM), Fuzzy DEMATEL, or rough-
fishing, processing, storage, and distributionvitidis. DEMATEL. In addition, thorough handling is requireml
Improving infrastructure such as fish ports, fistapply the suggested technique.

markets, cold storage, and reasonable accesswilbhds = The BWM method is not only used in solving supply
help speed up the process and reduce lossesfistthe chain risk assessment. Still, it can also be applieely in
supply chain. In addition, the government musseveral research fields, for example, in the mastufang
support technological innovation in fishing that isector, such as selecting production machines to be
more efficient and environmentally friendly. 3) Fai purchased, selecting suppliers to supply raw nateeeds
Price and Profit Setting: The government can set upfor production, and in the transportation sectorhsas
fair price-setting mechanism for fishermen to easurevaluate port performance measurements.

sustainable profits in the fish supply chain. Td@s be
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