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ABSTRACT

Risk assessment is essential for effectively and efficiently evaluating and controlling risks in order to create a
sustainable coffee supply chainThe goal of this research is to identify the factors that influence quality risk
and risk mitigation in small-holder coffee. The ANP method is used to identify the cause of a problem in the
smallholder coffee supply chain by taking into account the occurrence criteria (O), severity (S), and
detection (D). Data is gathered through interviews with expert respondents and experts from farmers,
cooperatives, agro-industries, researchers, and academics who have been involved in the coffee agro-
industry for at least ten years. The analyses' findings reveal a structural model for identifying and
prioritizing risks by identifying six factors and 16 sub-factors. According to the findings of this study,
farmers' knowledge and skills in terms of cultivation techniques are the main risks of relative importance in
the coffee supply chain and thus require attention. Mitigation efforts that can be taken include improvements
to cultivation that focus on the management of pests and diseases of coffee plants, as well as technical
education and training. Factors that prevent farmers from accessing and implementing training must be
considered so that knowledge and skills can be effectively provided.
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INTRODUCTION

Jember Regency is one of the centers of Robusta coffee. Robusta coffee production in this
region in 2010 was 3,120 tons with a plantation area of 5,608 ha (Directorate General of
Plantations, 2011). Silo District is one of the areas located on the slopes of the Raung mountain
Jember which has a total Robusta coffee production of 788.58 kw with a harvested area of 2.133
Ha in 2020, consisting of 1314.30 Ha of mature plants and 279.34 Ha of immature plants. The
projected demand for robusta coffee from Jember Regency increases from year to year. However,
unbalanced supply and low quality cause farmers' income to decline. Various levels of fruit
ripeness, stripping harvest technique, poor post-harvest handling, high physical contaminants, there
are triggers low coffee quality. Other factors such as conflicts between production systems and
environmental aspects are still ongoing, The emergence of social conflicts in the production
system with the surrounding community.

Some of these phenomena can be an obstacle to the development of Agroindustry and Coffee
supply chain in Jember. This condition is a risk and causes losses for every member of the coffee
supply chain. Therefore, it is necessary to analyze the risk of coffee supply chain using the ANP
and FMEA methods. The purpose of this study is to evaluate and control the risk of an effective
and efficient robusta coffee supply chain, especially smallholder coffee in Silo District, Jember.

This research is divided into three steps, namely risk identification, risk analysis and
formulation of risk control. Risk identification aims to determine the criteria that will be used as a
reference in data processing using ANP (Analitycal Network Process). The risk identification stage
is carried out using a Focus Group Discussion (FGD) approach. The risk assessment stage uses the
ANP method and is used as a reference for risk control recommendations using WFMEA
(Weighted Failure Mode and Effect Analysis). Risk control is the next stage after risk
identification and grouping based on the level of risk.

The supply chain that requires a lot of processes, ranging from material suppliers,
production, customer demand, transportation, warehousing, distribution, so it requires high
assistance in its management. At each process in the supply chain, risks occur (Jaya, 2014).

The Small holder coffee business is currently developing, but faces various problems related
to the low product, low productivity, comparing prices between farmers and agro-industries and
increasing information on the need for inter-coffee needs in the supply chain (Putra et al, 2019).
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These problems can cause problems with the supply of raw materials, prices, and supplies for
farmers, traders and coffee agro-industries that can support the competitiveness of Small holder
coffee coffee. Therefore it is necessary to anticipate and mitigate efforts to reduce these risks.

Risk is the uncertainty of future events, in other words, risks are those that occur both
internally and externally that are negative towards the achievement of organizational goals in the
future (Wu and Blackhurst, 2009). Risk also determines as an impact of environmental and
financial processes that are issued (Wibowo et al., 2014). To avoid and reduce the impacts arising
from risks there needs to be a mitigation scenario prepared based on the risk specifications
associated with the Small holder coffee coffee supply chain.

Risk is the possibility of an event resulting in a loss when the event occurs for a certain
period of time. Risks can be prevented if managed by transferring them to other parties, avoiding
risks, reducing the negative impacts of risks, and accommodating the consequences of these risks
(Fahrudin, 2015). Risk management is a systematic approach used to determine quality
management policies, procedures and practices based on risk assessment, risk control, and risk
evaluation (Sijabat, 2012). In general, risk management is a tool or instrument used to control or
reduce risk (Darmawan, 2004).

The concept of Supply Chain Risk Management, in this study was adopted from the
definition given by Ho et al. (2015) based on a study they have done from journal articles in the
field of supply chain risk management. They define supply chain risk management as
"collaborative efforts between organizations that use quantitative and qualitative risk management
methods to identify, evaluate, mitigate, and monitor unexpected and micro-level events or
conditions that may have a detrimental impact on each part of the supply chain". The purpose of
supply chain risk management is to control, monitor and evaluate supply chain risk by optimizing
actions to prevent disruption and recover quickly. Supply chain risk management also has a large
influence on the stability of dynamic cooperation among supply chain partners and is thus very
important for the overall performance of supply chain operations (Khan and Burnes, 2007).
Giannakis and Papadopoulos (2016) stated that the process of risk management in the supply chain
includes several things, namely: risk identification, risk assessment and priority setting, risk
management actions, and risk monitoring.

According to Prawitasari (2020), the steps in the coffee quality risk modeling process are
risk identification, risk assessment, and determination of risk mitigation alternatives. A good
management decision in managing risks must begin with understanding and prioritizing the risks
experienced by all members of the supply chain through identification. Identification of the source
of risk, making decision-makers aware of the phenomenon that causes uncertainty (Astuti et al.,
2013). Risk assessment requires the loyalty and accuracy of the entire supply chain (Hadiguna,
2012). FMEA is a powerful and effective analytical tool and has been widely used to assess the
relative importance of risks, identify the causes and potential effects of risks and examine the
potential correlations between identified risks (Giannakis and Papadopoulos, 2016). FMEA was
first applied to aerospace industry research in the mid-1960s which focused on safety issues such as
improving safety, preventing defects and increasing customer satisfaction (Mc Dermott et al.,
2009). In its development, FMEA is also used in risk assessment in various industries (Liu et al.,
2013). In the FMEA process, all potential failures are evaluated in three dimensions of risk:
likelihood (Occurrence), severity (Severity) and the ability to detect (detectability). Then the Risk
Priority Number (RPN) is calculated for each potential failure. A higher RPN score implies a
greater risk (Curkovic et al., 2013).

In previous studies FMEA implementation for supply chain risk assessment has been widely
carried out both industry and agricultural supply chains (Anin et al., 2015; Bradley, 2014 ;;
Curkovic et al., 2013; Giannakis and Papadopoulos, 2016; Jaya et al., 2014; Slamet et al., 2017).
Jaya et al. 2014) examines the most influential risk factors and determines their mitigation in the
Gayo coffee supply chain using the Fuzzy AHP approach. Raab et al. (2013) developed a study for
risk categorization, systematization, identification, and evaluation of failures in the context of
implementing a proactive risk management system in the global value-added chain for fruits and
vegetables. In their research, FMEA is used to identify product-specific risk categories, assess risks
(based on supplier country, company and process steps) and to rank potential hazards using a risk
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priority number then a mitigation strategy is tested. Anin et al. (2015) also conducted a study
evaluating pineapple supply chain networks in Ghana using the Pareto analytical model with
FMEA. This approach is applied to identify risks, analyze risks and then classify based on the level
of impact on operational activities. Mitigation strategies are then developed to deal with risks. They
found that lack of good planting material, availability of skilled labor, fluctuations in electricity,
pre-cooling facilities and ineffective cold chains were the main risks faced by most pineapple
supply chain actors in Ghana. However, each commodity supply chain has different risks and risk
factors. Therefore it is necessary to identify risks in the coffee supply chain.

Prawitasari (2020) states that risk analysis and evaluation is generally carried out using the
Failure Mode and Effects Analysis (FMEA) method, which is a method used to identify potential
failures of a product or service. The FMEA method assesses risk to eliminate or minimize the risk
of failure, without considering the relationship of alternative interests to the control plan. So to
calculate the weight of each risk and its relationship to risk control for each member of the supply
chain actor, he uses the integration between the ANP and FMEA methods to build a Risk Potential
Identification model in the ljen Coffee Supply Chain in Bondowoso Regency.

Liu et al. (2013) state that the FMEA method has shortcomings, based on the summary of
various risk measurement models from various articles. One of FMEA's weaknesses is that it does
not consider the relative importance of the three risk dimensions, these three risk factors are
considered to have the same importance. Different combinations of the three risk dimensions can
also produce identical RPN values, for example, LOO (RPN; = 10 (S) x 5 (O) x 2 (D), RPNz =
1Qx2x5) which can lead to the conclusion that priorities for corrective actions are applied to two
the risk component is the same (Xiao et al., 2011). Although the risk implications of the two events
may be different due to different levels of severity and failure. The example shows that FMEA is
not strong enough in the priority mode of failure. Therefore, an important role in the critical
analysis is the proper assessment of the weight of risk factors because they can influence the failure
mode ranking (Slamet, et al., 2017).

Some authors propose an alternative method to increase the significance of the RPN, which
is to combine the traditional FMEA Method with Multi-Criteria Decision Making (MCDM). Chang
et al. (2001) have applied gray theory to FMEA to improve product reliability and process stability
during the product design and process planning stages. Braglia et al. (2003) presented a fuzzy
technique for Order Preference with Similarity to the Ideal Solution (TOPSIS) approach to
prioritizing failures in failure modes, effects and critical criticality analysis (FMECA). Seyed-
Hosseini et al. (2006) propose an alternative multi-attribute decision-making approach called the
Decision Making Trial and Evaluation Laboratory (DEMATEL) method to reprioritize failure
modes in the FMEA system for corrective action. Liu et al. (2012) used the extended VIKOR
method under a fuzzy environment to give priority to the FMEA method. The Analytic Hierarchy
Process (AHP) combined with FMEA was applied in several cases by (Braglia, 2000; Chen and
Wu, 2013; Davidson and Labib, 2003; Jaya et al., 2014; Zhong and Lin, 2013). In a further
development, Slamet et al. 2017 in its publication applied the fuzzy ANP approach with FMEA for
risk assessment in the coffee supply chain. This study proposes using this method to assess the risk
of the Kopi Rakyatcoffee supply chain.

METHOD

Research framework: The research methodology consists of several sequential phases to
assess coffee supply chain risk based on processes within the supply chain risk management
framework. The first phase is the identification of supply chain risk, which is the basis of risk
management to recognize future uncertainty. This phase identifies potential problems according to
all members of the supply chain (Astuti et al., 2013). This study, integrating risk assessment for
identification, fuzzy ANP to identify and determine the relative importance of coffee supply chain
risk factors.

The second phase includes risk assessment using FMEA. All risks identified in the first
phase are assessed in terms of the likelihood of their occurrence and the impacts or consequences
that may result. Then proceed with the calculation of RPN based on three dimensions of risk.
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The third phase of the RPN is calculated by weighting the risk factors obtained from the
fuzzy ANP which gives a weighted RPN. The multiplication of these components enables the
prioritization of risk factors to determine management actions that are deemed most appropriate to
the coffee supply chain situation. The research framework is shown in Figs. 1

Data is collected based on in-depth interviews with expert respondents/experts representing
members of the supply chain and come from farmers, traders, agro-industries, researchers,
academics with qualifications that have been in the minimum 10 years in the coffee agro-industry.
In this study, expert farmers were selected from the Farming Group of Sidomulyo Vilage,
representing wholesale and retail supply chain managers at Silo District and researchers from the
Coffee and Cacao Research Center and academics from the university. The questionnaire consists
of two parts, the first part contains questions related to supply chain risks and the second part
contains questions for risk assessment. An ANP survey was then conducted aiming to evaluate the
comparison of perceived criteria for supply chain risk factors. Risk assessment is then measured
according to supply chain risk criteria using FMEA.

Fuzzy logic is a logic that has a value of blurring or blurring (Fuzyness) between right and
wrong. The purpose of the Fuzzy approach is to equate a notion of a set and problem to
accommodate the type of obscurity in some problems in decision making (Badiru, Cheung 2002).
Fuzzy Analytical Network Process: ANP introduced by Saaty in 1996, is a generalization of AHP
(Saaty, 2008). The AHP model assumes a simple hierarchical relationship between decision levels.
The ANP method allows for more complex interaction dependencies within clusters (internal
dependencies) and between clusters (external dependencies) through the development of
supermatrix (Chang et al., 2015; Dagdeviren et al., 2008). ANP uses the same method as AHP,
which uses a fundamental comparison scale (1-9) to assess the preferences of decision-makers,
except in the case of fuzzy representations, Triangular Fuzzy Numbers (TFN) is used (Mabanti and
Kaur, 2008). The Fuzzy Set Theory (FST) was introduced by Zadeh (1965) to deal with
uncertainties in the human valua tion process because of inaccuracy and obscurity. Decision-
makers usually measure uncertain events and objects using unclear language, such as ‘equal’,
'sufficient’, 'very', 'very strong', 'absolute’ and 'significant level'. FST allows them to solve the
problem of ambiguity involved in the process of linguistic assessment of data (Onut et al., 2011).

In this study, it is proposed to combine FST concepts with the ANP Method. Fuzzy ANP has
been recognized as a well-accepted technique for adequately addressing the limitations of
conventional ANP in the decision-making process (Buyukozkan et al., 2004; Dagdeviren et al.,
2008; Shafiee, 2015; Valipour et al., 2015). The fuzzy set is then determined by the membership
function which will assign each membership level object which ranges between 0 and 1
(Dagdeviren et al., 2008). Fuzzy triangle numbers (M), as shown in Fig. 2, defined as (1, m, u),
where Is m su. Parameter 1 represents the smallest possible value, parameter m represents the most
promising value and parameter u represents the largest value that represents a fuzzy event. The
TFN membership function can be defined as follows:

0 x<I
(x-l)/(m-1)  I<x<m 1)
H(xIryi) = (M-X)/(U-m)  M<X<p
0 X>U

Fuzzy numbers can be given by the left and right that are appropriate for each level of
membership:

M= [M £, M“r‘(}-‘}] =[1+m—uw¥u+(m—u¥] (2)
y € [0,1]

Where | (y) and r (y) represent the left and right sides of the fuzzy number, respectively.
Definitions and detailed discussion of arithmetic operations on fuzzy triangles can be found in
Kahraman et al. (Kahraman et al., 2002). Furthermore, in designing the relative importance scale to
construct a pairwise comparison/evaluation matrix, TEN was used to improve the classical nine-
point scaling design. Fuzzy linguistic scale regarding relative importance to measure relative
weight (Kahraman et al., 2006) is given in Fig. 3 and Table 2.
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In this paper, we use the fuzzy ANP method which will determine the important weighting
of the nks in the coffee supply chain. Important elements of the integration of ANP and fuzzy set
theory are as follows:

« Identify the coffee supply chain risk factors and sub-factors that will be used in the

model.

* Structuring of the ANP model (targets, risk factors, risk sub-factors)

Determine the local weighting of risk factors and sub-factors using a paired comparison
matrix (assumption: there is no dependency between factors). In this step, it is necessary to collect
fuzzy numbers into crisp values using the Extent Chang Analysis method. Compared to other
approaches, this method is easier and has been widely accepted to calculate the weighting of fuzzy
aggregate importance for the evaluation matrix in pairs of fuzzy inputs (Mangla et al., 2014). The
details of Chang's area analysis method calculation (Chang, 1996) are: if the area analysis value for

the i-th object is represented by, mg;, mg,m3; .. where (i = 1,234, ... n ) and all, m}, (j =
1,2,34,..)isTFN (j =1, 2, 3, ..., m), then the appropriate fuzzy synthetic level is represented as:
5i= ?=1M;ri [E?=1 =1 M;:'] ®)

The values for a particular matrix are then carried out to obtain
m

2. M

=1

Figure 3 Linguistic scale of Relative Importance (RI)

1 El WMI___SMI__VSMI__AMI

: Rl
1/2 1 3/2 2 5/2 3 712
(Slamet et al., 2017)

Figure 4 Representation of intersection between Ml and M2

S I My = (L, X My S ) (4)
And the Fuzzy addition operation of M;I. ;7=1,2,3, ... m
Value are performed toobtain [E?:lE}’ilEL:l ]

E?:j_E}ij_M;i = Q:?:lLEJE?:lMEJE?:l#E} (5)
and then calculate the inverse of the vector in Equation ...
Formula 6
n owm aei] - _1 LN
Ei:lEFlME"] T Efy’ Ifm; | EMG (©)

Next, taking into account the minimum and maximum values for fuzzy numbers, the degree
of probability for two fuzzy numbers M2 = (12, m., U2) .; :;, M1 = (11, m., U.) Represented as:

v [M; = M;] = sup [min ( (”'3.11} (XD, (""}12} (‘1’})] where (7)
x,VER and x > Y where X,y,Rand X,Y

It is noted that, if x, Y and uMi (X) = uMi (y) = 1, then V (M2 > CM1), because M2 and M1
are two convex fuzzy numbers, it satisfies the properties mentioned as:

viM; =M;) = 1lifmy=my 8

viM;=M) = lifmy=zuy )

v(M; = M;) = hgt{my Nmy) (10)
= uM,(d)
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where, d is the highest intersection point D between pM, and puM, (Fig. 4) and subsequently,
D is given as: (formula 11)
v(M;=M,) = hgt (Myn M) (11)
=(iy — po) — (ma— pa)— (my — py)
We need both of values v = (M; = M}-} and v = (M1 = M,) to compare M; and M.
Next, the level of probability for fuzzy convex numbers M; (1 =1, 2, 3, ..., m) calculated as:
vI(M=M,M;,Mg,..,M,,)=v [(M=M,)and (M = M,) and ...and (M = M,)]
=minv (M =M,),i =123 ...k (12)

Assuming that fork d{4) = minv(5; = 5,) d(A)=minv(5;=5,)=1,2,3,...,n;
however, the weight vector is given by: .

W = (d (4;),d (4,)) (13)

where, A: (1, 2, 3, ..., n) are n elements. After being normalized, the normalized fuzzy weight
vector is given as:

w = (d (4),d (45), .., d (4,))" (14)

While '"W' is a non-fuzzy number. After that, by using the fuzzy scale (Table 2), then
determine the dependency matrix in each of the risk factors to other risk factors. The dependency
matrix in this is then multiplied by the local weights of the factors determined in step 3, to calculate
the interdependent weights of these factors.

Calculate the global weighting of risk sub-factors. The global sub-factor risk weighting is
then calculated by multiplying the local weighting sub-factor by the interdependent weighting of
the factors it has.

Weighted FMEA and RPN: FMEA is defined as "a systematic method for identifying and
preventing product and process problems before they occur" (McDermott et al., 2009). The relative
risk of failure and its effect in the F.tvIEA process is determined by three dimensions:

* Severity (S): consequences of failure

* Occurrence (0): probability or frequency of failures

* Detection (D): the probability of failure is discovered before the effect occurs

Using data and knowledge about processes and products in the coffee business, this study
then assessed each mode and potential failure effect with the dimensions mentioned on a scale of 1-
10 (with 1 being the best and 10 being the worst case). Then the Risk Priority Number (RPN) is
determined for each mode and the potential failure effect by multiplying the dimension rating as
shown below:

RPN=Sx0OxD

Traditional RPN has limitations, to overcome this we use a weighted RPN (WRPN) value,
which is determined using fuzzy ANP multiplied by the RPN value (Equation 16). Next, WRPN
values will be used to sort the failure mode:

WRPN = RPN X WEeanp (16)

Failure modes with higher WRPN values are assumed to be more important, thus higher

priority will be given for corrective actions.

RESULTS AND DISCUSSION

The steps in the coffee quality risk modeling process are risk identification, risk assessment,
and determination of risk mitigation alternatives. Based on in-depth interviews with experts,
several criteria can reduce the quality of coffee beans.
Risk identification: The first and most critical step in the Supply Chains Risk Managament
(SCRM) process is the identification of potential risks. Risks in the coffe supply chain have been
identified in the literature review and expert interview stages and then validated with the actual
situation of the coffee supply chain. This step involves identifying risks and factors in the coffee
supply chain. Types of risks in this study include risks in the external environment, risks in the
supply chain and internal risks (Lin and Zhou, 2011). Risks at the level of farmers and other
members of the coffee supply chain can be grouped into six factors, namely: 1) Production risk
(low coffee production due to poor cultivation practices, inappropriate management of pests and
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diseases, improper application of planting procedures, lack of technology and human risk); 2)
Quality risks (inappropriate handling starts from the lack of supply of good quality agricultural
inputs, processing and post-harvest activities); 3) Market risk (product volatility, uncertainty of
inputs and demands and market competition); 4) Supply risk (inability to supply uniform product
quality, loyalty in terms of supplier-buyer relations and continuity of supply quantities); 5)
Distributtion and Storage risks (originating from poor infrastructure, failing to choose appropriate
transportation and improper packaging and handling of storage). 6) Social and environmental
risks (unexpected weather changes, governance Effectiveness/ regulations, socio-cultural and
political conditions); Besides, the ANP potential risk model consists of three levels as shown in
Figure. 5

The first level of this model aims to determine coffee Kopi Rakyatsupply chain risk
weighting sub-factors. Second and third level factors and sub-factors are also related to objectives
at the first level. The second level 1 factor is connected to the first level goal with a single
directional arrow. While the other arrows on the second level represent deep dependence among
factors. The inner dependence between markets, quality, environment, supply, production, and
transportation, which is at this level is taken into account and with this, the effects of each other's
factors are analyzed. Sub-factors related to factors are at the third level of the model.

Risk Assessment: After identifying the risks and structuring of the ANP Model, the degree of
importance of each factor and sub-factors at the second and third level of the ANP Model is
determined. Their local weights are then determined by conducting a pairwise comparison matrix
conducted by the expert using the scale given in Table 2. For example, the expert is asked: "With
respect to objectives, how important is the market compared to quality?" and the answer "weak is
more important”. Thus, the linguistic scale is placed in cells that are relevant to TFN (1, 3/2, 2).
Similar questions are also asked to formulate all fuzzy evaluation matrices. The importance of
factor weights is then calculated using the Extent Chang Analysis method using Eq. 3-15. The
corresponding M; value can be calculated through Eq. 3-6, then the probability level for two fuzzy
numbers is calculated using Equation 7-12.
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Weighting The Risks Factor of Coffee Supply Chain
in Jember Regency

Production and |¢—| Quality Risks [¢—>»| Market Risks |« »  Supply Risks |« > Dsiit”b“tig_‘ "I"(“d < > Social and
Operation Risks orage RIsks Environmental Risks
Risks
A A4 v
Low Production Input Prices Demand anq Input Variability in the Poor of Infrastucture Unpredictable
Uncertainty quality of Product Weather
Pest and Deaseses .
Managament farmer skills in Poor of Packaging Governance Efectiveness
post-harvest Price and Cost Fluctation Supplier Loyalty
_ - handling and relatianship Modes of Transportation
Inappropriate Planting coffee bean — and distance
Procedure processing Market Competition SconltinQUity in Social, Culture and Politic
| upply Quantity
Ia_:gli-lzfncg:c;:%gkys FOUSTUTTAT VEST T TAITUTIT Ig —‘ Poor Of Storage

Figure 5. ANP Model Of Identification Potential Risk For Coffee Supply Chains in Jember
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Table 1: Category of Risk factors and sub-factors

No Risk Factor Sub Factor Sources (References)

Production and Operation Risks

QualityRisks

Market Risks

Supply Risks

Distribution and Storage Risks

Low Production
Pest and Deaseses Managament

Inappropriate Planting
Procedure

Lack Technology and Human
Risks

Farmer Knowledge in
cultivation practice

Input prices

Post Harvest Handling

Demand and Input Uncertainty

Price and Cost Fluctuation

Market Competition

Variability in the quality of
Product

Supplier Loyalty relationship
Continuity in Supply Quantity
Poor of Infrastucture

Poor of Packaging

Modes of Transportation and
distance

Poor of Storage

Low production of coffee due to the poor agricultural practices

Pests and diseases have been shown to be very important factors in reducing yield and
marketability of coffee (expert's opinion)

Inappropriate procedure of planting causes flower of coffee had not been pollinated and therefore
failed to develop into a fruit (expert's opinion)

Lack of technology and innovation, rural exodus and lack of training programs offarmer
(expert's opinion)

Variation of personal skill and lack of knowledge off armer (Astuti etal., 2013)

Coffee quality is affected by availability of affordable inputs (expert's opinion)

Inappropriate practices in harvesting, field handling, sorting, grading, postharvest treatments,
and packing have a great impact on maintaining the optimum organoleptic, nutritional, and
functional quality attributes of the coffee fruit (Sivakumar and Wall, 2013)

Variability and distortion of information about demand makes it difficult for retailers to expect long-
term consumer demand (Anin etal., 2015)

Fluctuations in product prices are caused by oversupply, reduced demand and other factors related to
inflation, changes in interest rates, changes in currency values, etc. (Akcaoz, 2012)

Competition with other fruits in availability, price and quality of products

(expert's opinion)

Branding of agriculture product is widely considered to be difficult because of the variability
in quality of the product and irregularity of supply (Richards, 2000)

Failures in managing and maintaining loyal suppliers offers a number of disadvantages
including inconsistent supplies, higher transaction costs, inefficiency and increased post-harvest
losses (expert's opinion)

Shortage of shipment capacity, shortage of products in distribution center, lead time uncertainties
and delay in delivery (Pujawan and Geraldin, 2009)

Agricultural supply chains increasingly face risks related to logistics and infrastructure, (e.g. access
to asphalt road, lacking communication infrastructures), that affect the availability and timing of
goods and services (Anin etal.2015)

Since coffees are highly sensitive to mechanical damage, proper packaging are needed to reduce
damage, improve marketability and prolong shelf-life of coffee fruits

Inappropriate use of transportation modes and long shipping distances, will cause quality degradation,
increase transportation costs and problems along the supply chain (expert opinion) (expert's opinion)
Due to the climacteric fruit characteristics, non-optimal temperature of storage will causes coffee
can be ripened to the undesired level (Paull etal., 1997)
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6. Social and Environmental Risks

Poor of Storage
Unpredictable Weather

Government Effectiveness

Social, Culture and Politic

Due to the climacteric fruit characteristics, non-optimal temperature of storage will causes coffee

can be ripened to the undesired level (Paull etal., 1997)

Non-extreme weather events (e.g., too much or little rainfall, or too high or low temperatures)
often affect agricultural supply chains for a single production cycle (expert's opinion)

Government policy and institutional risks have major direct and indirect impacts on shaping
incentives and decision-making in agricultural supply chains (Astnti etal., 2013)

changes in consumer attitudes, changes in trade relations, levels of farmers' welfare and health, risks

related to security, etc. (Expert opinion)

Table 2. Local Weights And Pairwise Comparison Matrix Of Main Factor

Factors Production Quality Market Supply Distribution Social And Environment Local Weights
Production (112, 2/3,1) (1, 312, 2) (1, 312, 2) (2/3,1, 2) 1 1 1) (1, 3/2, 2) 0.1887
Quality (112, 2/3,1) @ 1 1) (212, 1, 3/2) (1/2,213, 1) (112, 2/3,1) (213, 1, 2) 0.1330
Market 1117 (1, 312, 2) (312, 2, 5/2) (1/2,1, 3/2) (1, 312, 2) (3/2, 2, 5/2) 0.2266
Supply (213,1, 2) 1,312, 2) (1, 312, 2) 1, 1,1) (112, 1, 3/2) (312, 2, 5/2) 0.2069
Distribution (215, 112, 213) 112, 1, 3/2) (213, 1, 2) (215,112, 2/3) (112, 2/3, 1) 1, 1,1 0.1187
Distribution (2/5, 112, 213) (1/2, 1, 3/2) (213, 1, 2) (2/5, 112, 2/3) (1/2,2/3,1) 1,11 0.1187
Social And @15, 12, 213) @31, 2) 1 1) (112, 213, 1) (112, 213, 1) (112, 1, 312) 0.1261

Environment

Table 3. Weight Of Factors And Sub-Factors Based On Expert Assessment
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Factors Weights of factor Sub-factors of \s/xg[?:;fors Global weights
Production 0.1779 Low Production 0.1330 0.0237
Pests and diseases 0.2266 0.0403
Inappropriate planting procedure 0.1330 0.0237
Lack of technology 0.1261 0.0224
Quality 0.1676 Input Prices 0.3333 0.0559
farmer skills in post-harvest handling and coffee bean 0.3333 0.0559
processing 0.3333 0.0559
Market 0.1965 Price and cost fluctuations 0.0970 0.0191
Demand uncertainty 0.5584 0.1097
Market competition 0.3446 0.0677
Supply 0.2080 Variability of product wuality 0.0970 0.0202
Supplier loyalty 0.5584 0.1161
Continuity of supply 0.3446 0.0717
Distribution 0.1219 Poor of infrastructure 0.2266 0.0276
Packaging 0.1330 0.0162
Modes of transportation and distance 0.1261 0.0154
Storage during shipment 0.1187 0.0145
Social and environment 0.1280 Weather related risks and natural disruptions 0.4572 0.0585
Governance Effectiveness 0.0857 0.0110
Social, culture and politic 0.4572 0.0585
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The minimum weight vector calculated is then operated to obtain the normal value and the
weight vector using Eq. 14. As a result, weighting vectors for risk factors (eg, 0.2266, 0.1330,
0.1261, 0.2069, 0.1887 and 0.1187) were established (Table 3). In the same way, the importance of
weights for subfactors has been calculated. All important weights calculated for factors and sub-
factors are given in Table 4.

In the next step, the weights of the interdependent factors are calculated taking into account
dependencies among the factors. Pairwise comparisons are used to analyze the impact of each
factor on other factors to determine the dependency between these factors. Therefore, the following
question is asked to experts "What is the relative importance of 'quality' when compared to “social
and environmental” concerning market risks? "and the answer" Very more important "is changed
to TFEN (3/2, 2, 5/2) as stated in Table 5.

Table 4. The Interdependent Weights of Risk Factor

Factors Respect to Local Weights
Quality Production 0.2224
Market 0.760
Supply 0.2114
Distribution 0.1681
Social and Environment 0.2203
Production Quality 0.2611
Market 0.1046
Supply 0.2687
Distribution 0.2141
Socian and Environment 0.1253
Production Market 0.1874
Quality 0.2713
Supply 0.0975
Distribution 0.1116
Socian and Environment 0.4152
Production Supply 0.2351
Quality 0.2351
Market 0.2260
Distribution 0.1642
Socian and Environment 0.1668
Production Distribution 0.1743
Quality 0.1766
Market 0.2233
Supply 0.7885
Socian and Environment 0.3253
Production Social and Environment 0.2366
Quality 0.2365
Market 0.1673
Supply 0.2285
Distribution 0.1516

This dependency matrix for these factors is formed using the relative importance weights
calculated from the previous step. Next, the matrix is multiplied by the local weights of the main
factors in Table 4.

Then we calculate the weights of the interdependent factors. As for the results of these

calculations are as follows:
0.1668

0.1477
0.17584
0.2161
0.1318
0.1279
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The results of weighting between factors indicate that there are significant differences when
compared to weighting factors without regard to other factors as in Table 4. Weight changes from
0.1874 to 0.4152 for market factor weights, 0.1330-0.1676 for quality factor weights , 0, 024-
0.1280 for social and environmental factors, 0.2069-0.2080 for supply weight, 0.1887 to 0.1777 for
production; 0.1187-0.1219 for the distribution factor. Next, we calculate global weights for sub-
factors by multiplying local weights by sub-factors with interdependent weights of each risk factor.
After the weighted factors are verified and the weighted sub-factors are calculated, the risk rating is
identified in this study by considering the RPN results from the FMEA process.

RPN value is a combination of product value from the severity, appearance, and detection.
For risks related to "farmers' knowledge in cultivation practices”, the severity is 7, the occurrence is
8, detection is 7, so the RPN value is 8 x8 x7 = 392. Example Sub-factor weighting, then calculated
by multiplying the RPN value by weight sub-factor, for example, Ri from "farmers' knowledge in
cultivation practices" and obtained values of 392x0,0559 = 20,2358. The overall results of each Ri
are shown in Table 5 below.

A higher RPN weighting indicates a risk with a higher mitigation priority. To determine the
focus of risk mitigation, the Pareto Principle is used with the idea that by reducing 20% of risk, we
can produce 80% of risk mitigation benefits. While the RPN weighted cumulative weighted from
the risk rating, shows the value of "Risk farmers' knowledge of cultivation practices is 21.9128%.
This means that mitigation must focus on increasing farmers' knowledge and skills in terms of
coffee cultivation techniques, so that the benefits of risk mitigation can be obtained entirely.

The results of this study are in accordance with the findings of Prawitasari (2020) who
conducted a risk assessment on the ljen Arabica coffee supply chain which showed that the quality
risk in the farmer skills knowledge sub-factor is the factor that has the highest risk. , while supply
risk in the Continuity of supply sub-factor is ranked second as a high-risk factor for the quality of
ljen arabica coffee in Bondowoso Regency. Likewise, the results of this study are in accordance
with the findings of Yulian (2018) which assesses risk in the coffee supply chain in Bangsalsari,
Jember Regency, the results of the WFMEA calculation show that quality risk ranks first with
WRPN 222.45, and risk production is in second place with WRPN 116, 35.

Based on these risk categories, it can be interpreted that to control supply risk, risk needs to
be avoided and quality risk must be carried out in the form of risk mitigation or needs to be
eliminated. Efforts that can be made to control quality risk and supply risk are to motivate farmers
to consistently apply good post-harvest handling techniques for coffee beans, as well as increase
farmers' knowledge and skills in post-harvest handling and good coffee processing practices.

Technical training is one alternative to reduce risk priorities. If farmers have better
knowledge and skills in terms of post harvest handling, they will also follow proper good practice
post harvest handling procedures, be able to handle pests and diseases of coffee bean and can
control coffee bean quality. Thus it will be able to achieve increased production and reduce coffee
quality variability. Expanding knowledge and technology plays an important role in increasing
production and detecting risks to future productivity arising from climate change. High coffee
production is likely to guarantee the availability of raw materials and continuity of supply. Other
efforts to increase production in the future are to encourage the involvement of private sector
institutions and strengthen coordination between producers and management instructors.
Coordination will combine business knowledge and skills to develop the ability of farmers to
handle post-harvest products and create competitive advantage. Besides technical training for
farmers, they can be equipped with life skills (for example, social and legal awareness) to increase
farmers' awareness of how to become loyal suppliers in a coffee supply chain.
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Table 5: Risk Assesment of Factor and Sub Factor

Factors Sub-factors O S D RPN  Global weights ~ Wighted RPN Rank
Production Low Production 4 4 4 64 0.0237 1.5168 16
Pests and diseases 5 5 6 150 0.0403 6.045 7

Inappropriate planting procedure 5 7 6 210 0.0237 4.977 9

Lack oftechnology 8 4 3 96 0.0224 2.1504 20

Quality Input Prices 3 8 4 96 0.0559 5.3664 8
erfrpeeer ;(I:;Ir:splrr:) Eénssstir?grvest handling and 8 7 7 392 0.0559 - 1

Postharvest handling 5 6 8 240 0.0559 13.416 3

Market Price and cost fluctuations 3 4 3 36 0.0191 0.6876 18
Demand uncertainty 4 2 3 24 0.1097 2.6328 12

Market competition 5 6 5 150 0.0677 10.155 5

Supply Variability of product wuality 8 6 5 240 0.0202 4.848 11
Supplier loyalty 5 5 3 75 0.1161 8.7075 6

Continuity of supply 6 6 6 216 0.0717 15.4872 2

Distribution ~ Poor of infrastructure 5 5 3 75 0.0276 2.07 14
Packaging 5 5 4 100 0.0162 1.62 17

Modes of transportation and distance 2 3 3 18 0.0154 0.2772 19

Storage 5 6 6 180 0.0145 2.61 13

Sr?\(;ilznﬁgnt )j/\il;itgtei(r) nrselated risks and natural 2 5 3 30 0.0585 s 4
Governance Effectiveness 5 7 5 175 0.0110 1.925 15

Social, culture and politic 4 4 5 80 0.0585 4.68 10
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CONCLUSION

The development of the smallholder coffee supply chain, like other agricultural products, is
strongly influenced by the potential for uncertain risks. In this study, an attempt was made by the
Kopi Rakya tto develop a structural model to identify and prioritize risks, by identifying six factors
and 20 sub-factors using FMEA and determining the relative weights using Fuzzy ANP, as the
framework carried out in this study. This study has the following main points: First, this model
shows the potential benefits of detecting high risk priorities in the Small holder coffee coffee
supply chain systematically and effectively. Second, this study combines the FMEA and Fuzzy
ANP methods to assess the risk of the Small holder coffee coffee supply chain which is difficult to
find in previous studies. Fuzzy ANP methodology is very important in determining the importance
of risk factor weights. Whereas the FMEA method can be used to assess risk factors in three
dimensions: incidence, severity, and detection ability. Weights obtained from the ANP fuzzy
method are then used as input to determine the weight of the RPN in multiplication with the RPN
value of the FMEA technique. Risks are then sorted by weighted RPN value to determine priority
risks that need to be reduced. The results of this study reveal that farmers' knowledge and skills in
terms of cultivation techniques are the main risks inherent in the Small holder coffee coffee supply
chain and thus require attention. Technical education and training is one alternative to reduce this
risk. Factors that prevent farmers from accessing and implementing training must be considered so
that the provision of knowledge and skills can be carried out effectively.
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