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A B S T R A C T

This paper discusses an optimization model for handling the impact of the COVID-19 pandemic based on food
supply network through regional food hubs (RFHs) under uncertainty. To this end, uncertainty is assumed in the
demand and production data. During the Pandemic COVID-19 period, uncertainty has increased and the food
supply chain system has changed. Thus, a new configuration of the food supply network requires analysis. In this
paper, the concept of RFH is introduced to connect producers in rural areas and customers in urban areas. This
paper determines the location and capacity of RFHs, the food supply network, the sum of maximum food supplies,
and minimum logistics cost. This is done via a Multi-Objective Many-to-Many Location-Routing Problem model.
Furthermore, since the conditions of the COVID-19 pandemic is uncertain, robust optimization is employed to
handle uncertainties. During the current pandemic, red zones are defined to indicate the severity of the pandemic
in a region. In this paper, the numerical experiment is considered for three scenarios: when a region is in large-
scale social distancing, partial social distancing, or normal conditions. This social distancing situation is based on
the defined red zones. The optimal food supply network is obtained for the three scenarios and the best scenario
among the three is identified.
1. Introduction

The Indonesian government's initial attempt to minimize the COVID-
19 pandemic's seriousness by taking early preventative measures has
resulted in it forfeiting the opportunity to keep the COVID-19 pandemic
under control in the short phase of the outbreak. According to Statistics
Indonesia (2020), approximately 56.70% of Indonesia's population is in
urban areas, and most COVID-19 cases in the country have been
concentrated in these areas. Furthermore, the pandemic is having several
effects on environmental, social, and economic aspects, as well as on food
security.

One result of the COVID-19 pandemic is the bullwhip effect of food
supply, which has caused uncertainty in demand and supply and
increased the complexity of the food supply chain (Mitchell et al., 2020;
Chen et al., 2020). As a result, the consumption of food in urban areas
will be more volatile, which the distribution system will need to
erdana).
he pandemic and with many mor
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foodmust gain significant attention as a government concern, specifically
for areas designated as red zones1.

Thus, in the red zone, large-scale social distancing and restrictions are
imposed, which impacts the distribution of some food products from the
production areas. Large-scale social distancing also affects economic
growth, changes consumer behavior, and results in the decrease in pur-
chasing power parity for food products (Hobbs, 2020; Mukhamedjanova,
2020; Gregorioa and Ancog, 2020). This situation is also exacerbated by
the closure of several public facilities, such as restaurants, caf�es, schools,
offices, and shopping centers. Public discourse in Indonesia is predictable
focused on how the community can survive in the middle of large-scale
social distancing and how people can get food supply (Rizou et al.,
2020; Hobbs, 2020; Pulighe and Lupia, 2020).

These conditions have implications for the availability of food,
hampered access to food for the community, restrictions on interaction
e casualties than orange, yellow, blue, and green zones (Shaker et al., 2020).
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between red zones and other areas, and the affordability of supplies
(Pulighe and Lupia, 2020). The food distribution system is the foundation
to decrease hunger, malnutrition, and food insecurity (Galanakis, 2020;
Devereux et al., 2020). In recent times, food access has impacts on social,
economic, and sustainability factors (Black et al., 2015; Hilmers et al.,
2012; Walker et al., 2010). Therefore, understanding the complex system
of food security is essential for social development (B�en�e, 2020; Dever-
eux et al., 2020).

Several actions and policies have been implemented to address food
security (Ge et al., 2018; Blay-Palmer et al., 2013; Johnson et al., 2012).
Affordability, availability, and food accessibility for the communities has
been the focus for the government, the private sector, and other stake-
holders. Food security during the pandemic should be ensured by using
technology such as e-commerce and the Internet of Things (IoT), not only
to improve food security but to also help enhance food safety (Deng et al.,
2015). Recovering downstream processing could help with adopting the
latest technology (Galanakis, 2013), which can assist in providing food
for the community and improving the value of the products (Galanakis,
2012; Hobbs, 2020; Barba et al., 2015). However, innovation, technol-
ogy, and regulations are not keeping pace with the food consumption
needs. Various problem in this regard have been apparent in recent time,
such as uncertainty of food demand and supply, the high cost and in-
efficiency of logistics and delivery services, the high volume of losses and
waste, the powerless of the upstream actors, and food safety (Mitchell
et al., 2020; Chen et al., 2020; Rizou et al., 2020).

The COVID-19 pandemic has led to the emergence of a new era of the
food supply network (Rizou et al., 2020) where food safety has become
one of the focus components (Galanakis, 2020). To minimize the trans-
mission of the coronavirus, the main concern must be product and
worker hygiene to achieve food safety (WHO, 2020; Galanakis, 2020;
Rizou et al., 2020). During the distribution process, the transportation
system becomes an essential element to protect customers and food
supply services providers (Gray, 2020). Attention to macromolecules and
micromolecules could be given for the application of food safety and food
hygiene protocols (Galanakis, 2015).

The pandemic has also changed consumer behavior in choosing food.
Consumers seek to protect themselves and improve their immune system,
and are concerned about changing their food consumption habits,
bioactive ingredients, and nutritional content (Galanakis, 2020; Rizou
et al., 2020; Zinoviadou et al., 2015).

Therefore, the food system should develop structured managerial
systems, adequate infrastructure, facilities, and sustainable food supply
(Galanakis, 2012, 2020; Rizou et al., 2020; Gray, 2020; Mitchell et al.,
2020). An effective strategy to ensure food supply is to develop food
hubs. A food hub is a business organization that supports local and
regional producers, principally as an aggregator, distributor, manager of
food security, and marketing operator for smallholder distributors, as
well as to satisfy the wholesaler, supermarket, HORECA (Hotel, Restau-
rant, and Catering), and other marketplaces (Levkoe et al., 2018; Fischer
et al., 2015). The conceptual model of food hubs is evolving, and hubs
have widely adopted innovation to support locales and their goals (Bal-
lantyne-Brodie and Telalbasic, 2017). In recent decades, regional food
supply chains have become an essential issue, and food hubs are
emerging as principal factors for developing viable local and regional
food systems (Sharpe et al., 2020; Blay-Palmer et al., 2013).

Besides being a principal factor of the food system, Regional Food
Hubs (RFHs) have a role in regulating and guaranteeing food supply, in
ensuring food security and access in some regions, and will likely have a
positive impact in the development of the regional economy (Sharpe
et al., 2020; Etemadnia et al., 2015; Farmer and Betz, 2016; Kotani et al.,
2020). For food security issues, the RFH becomes a critical facility to
optimize food supply to consumers, as well as pay attention to sustain-
ability aspect as a part of food security (Sharpe et al., 2020; Sonnino
et al., 2014; Etemadnia et al., 2015; Farmer and Betz, 2016). RFH is a
centralized facility with a business process management that aims to
ensure food supplies and connect the various actors to strengthen food
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security and food safety through coverage of specific areas. RFH plays an
essential role in developing local food systems and promotes entrepre-
neurship, develops local jobs, and fights food insecurity (O'Hara, 2015;
Silver et al., 2017; Rose, 2017).

The RFH has become a network to collaborate with local producers
and customers, forming local food networks by adopting socio-technical
processes to address socio-economic and political tensions and support a
fairer, more sustainable, and socially just food system (Prost et al., 2018).
RFHs should develop through a mutually beneficial collaboration
network by involving the Local Food Hub (LFH) to provide a source of the
food supply. The LFH acts as a local aggregator hub for some local sources
and specialty food distributors. It serves high-quality and locally grown
products from small and mid-sized farms, and aims to meet the demands
of its customer base (Barham et al., 2012).

Meanwhile, supermarkets, restaurants, caf�es, and catering services
partner with the RFH to sell products to the customers and other food
service providers. RFH uses design-driven innovations to approach daily
challenges, such as maintaining the constant balance of food availability
in a region. RFH used as a continuous cycle of a strategy to change the
sustainable local food supply networks system (Ballantyne-Brodie and
Telalbasic, 2017). The food supply network system is a strategically
interconnected network that improves the optimization, efficiency, and
effectiveness of the food production and delivery process (Robinson
et al., 2016). In the system, transparent edges between producers and
consumers are a critical aspect to meet the sustainability goals (Brinkley,
2018; Le Velly and Dufeu, 2016).

The food supply network system must be prepared for various con-
ditions, and must function not only under regular conditions but also
during the pandemic. The RFH makes an essential contribution to the
disaster relief supply by providing essential food for the communities
during disasters and post disasters. In the time of pandemics, such as
today, RFH could also function as a Food Resilience Network (FRN) to
make food available, affordable, accessible, and hygienic for commu-
nities affected by the pandemic (Brand et al., 2019; Berno, 2017; Dasaklis
et al., 2012). The pandemic might raise food deficiency due to the
obstruction of the food supply chain.

The locations for the development of RFHs and optimal logistics for
the food network must be determined based on various general condi-
tions and, at the time of a pandemic, by considering the entire commu-
nity as victims affected by it. The COVID-19 pandemic will have a long-
lasting effect on the food supply network, including the development of
e-commerce and customer preference toward local food (Hobbs, 2020;
Galanakis, 2020).

Research on RFH logistics optimization is largely underway in
Europe, the United States, Canada, and Mexico (Mittal et al., 2018). The
conceptual model of RFH is still emerging and is increasingly applied to
the development of logistics systems for agriculture (Mittal and Krejci,
2019; Fischer et al., 2015). The RFH movement embraces a bank of
locally adapted food networks, food traceability, inventory, and ware-
house operation management (Mittal and Krejci, 2019; Prost et al.,
2018). Further, RFH has been developed for the sustainability of the local
food system (Cleveland et al., 2014). Sharpe et al. (2020) notes the
importance of providing access to healthy food for all levels of society by
optimizing the role of food hubs. Other research has developed concep-
tual models for optimizing food supply networks during the pandemic
(Liu et al., 2020; Tang and Lau, 2013; Dasaklis et al., 2012). However,
studies have not considered the location for the development of RFH and
the food network in all conditions, especially during the pandemic.

This paper aims to determine the optimal location of RFH and food
supply networks connecting producers in rural areas and customers in
urban areas. It focuses on food security to ensure that food is available,
affordable, accessible, and safe at all times, including in the new era food
supply network.

The Many-to-Many Location-Routing Problem (MMLRP) is used in
this paper to examine the location and capacity of RFH, the food supply
network, the sum of maximum food supplies, and minimum logistics



Figure 1. Food distribution problem of scenario 1.
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costs. Several pervious works have attempted to solve the food supply
network problem using MMLRP. Wang et al. (2018) discuss MMLRP for
cold chain logistics. The scheme proposed in their model consists of
supply point, Distribution Center (DC), and demand point. In their
model, MMLRP is used to determine DC location and the network dis-
tribution. Another work of MMLRP in the food supply network problem is
Hiassat et al. (2017), who use the MMLRP model for perishable products
and propose a scheme that consists of warehouse and customer. MMLRP
is used in their model to determine the warehouse location and food
distribution network. However, neither model considers uncertainties,
such as demand or production capacity uncertainties. They also do not
consider multi-item products in their MMLRP model.

Therefore, an MMLRP model that considers multi-item (multi-com-
modity) products is developed in this paper. This model also addressed
several uncertainties, such as food demand, food production, and dis-
tribution cost uncertainties using robust optimization (RO) that assumes
that the uncertain parameters lie in an uncertainty set (Ben-Tal et al.,
2009; Gorissen et al., 2015; Yanıko�glu et al., 2019). RO aims to remove
all the uncertain parameters from the uncertain problem and obtain a
robust reformulation of the uncertain problem called a Robust Counter-
part (RC). Furthermore, a two-objective MMLRP is proposed in this
paper: (1) maximize food supply, and (2) minimize logistics cost. The
latter includes food handling costs under several health protocols to
guarantee food safety. To solve this Multi-Objective MMLRP
(MOMMLRP), the lexicographic method is applied. The lexicographic
Figure 2. Food distribution
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method is a way to handle multi-objective optimization problems, by
priority-ordering the objectives and solving them iteratively (Stanimir-
ovic, 2012).

The rest of this paper is organized as follows: section 2 paper discusses
the problem statement related to this paper, followed by the methodol-
ogy employed in this research. It is followed by a case study that explains
the research location. The results and discussion sections describe three
alternative simulation scenarios in the COVID-19 situation. The conclu-
sion focuses on the result of the paper that answer the problems discussed
in the next section.

2. Problem statement

This paper addresses the problem of determining the optimal location
of RFH by considering aspects of sustainability and food security for all
conditions, including during pandemics. By connecting the local pro-
ducer and customers through RFH, the food supply network could be
developed to maintain food security. This paper discusses three alter-
native scenarios to tackle RFH during the pandemic. It aims to identify
the best alternative RFH location and capacity and food distribution
network; the maximum product fulfillment of each region; and the
minimum logistic costs in red zones, defined as an area at the epicenter
COVID-19 infection.

Scenario 1 represents the large-scale social distancing condition in
red zone areas. Food supply from the green zone is not allowed in the red
problem of scenario 2.



Figure 3. Food distribution problem of scenario 3.
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zone. The red zone must survive by relying on the food products of its
region. This condition is intended to minimize the spread of the COVID-
19 pandemic and to determine if the red zone can fulfill food demand.
Further, this condition is designed to determine if the green areas can
meet food demand without any supplies from the red zones. The food
distribution problem in scenario 1 is illustrated in Figure 1.

In scenario 2, the partial social distancing condition was applied in
the red zone. These areas are forbidden from delivering food products to
other regions. However, other regions can supply food to red zones.
These conditions are meant to decrease the spreading of COVID-19 from
the red zone to other areas, and other regions can support the red zones.
This scenario problem is illustrated in Figure 2.

Alternative scenario 3 is used in the new era condition in which a food
supply network is allowed to function as usual. However, security pro-
tocols are applied following health standards for the prevention of
COVID-19 due to the transformations in the food supply chain during this
COVID-19 pandemic (Rizou et al., 2020). This scenario considers the
function of RFH after the COVID-19 pandemic condition. This condition
is intended to compare the results of the two preceding alternative sce-
narios. Figure 3 illustrates the problem in scenario 3.

An optimization model with MOMMLRP can describe the best alter-
native solution for complex problems. Variables, objective functions,
constraints, and coefficients are used as the central concept of optimi-
zation models. The assumptions for the three alternative scenarios are
determined using several parameters: food demand, production capacity,
and operational costs. In this paper, the food in question is the com-
modity of rice as the staple food of Indonesians, chicken eggs as an
alternative source of animal protein consumed, and vegetables as a
source of fiber. In this study, vegetable commodities are limited to the
most common vegetables consumed by Indonesians, shallots, red chilies,
beans, potatoes, carrots, tomatoes, spinach, and water spinach.

Furthermore, each scenario's MOMMLRP model involves several un-
certain parameters, that is, food demand, food production, and distri-
bution cost, which makes the MOMMLRPmodel uncertain. RO is applied
to solve the uncertain MOMMLRP by removing all uncertain parameters
from the uncertain problem and to obtain a robust reformulation of the
uncertain problem called the RC, which is used to give a robust alter-
native scenario. The RC of each scenario is solved by numerical simula-
tion to find a robust solution that is feasible under all possible
disruptions.

3. Methodology

General optimization problems often involve uncertain parameters.
The uncertain parameters are likely caused by measurement error, such
4

as temperature or size measurements. The uncertain parameters could
also be caused by mistakes in estimating the data, for instance in esti-
mating demand, profit, selling price, or travel time. In this paper, RO is
used to handle the uncertain parameters, that is, food demand, produc-
tion capacity, and distribution cost.

RO is a method to handle uncertain parameters that are assumed to be
part of an uncertainty set (Ben-Tal and Nemirovski, 2002). The method's
primary purpose is to achieve an optimal solution that is robust to un-
certain data. The mathematical formulation for the general uncertain
linear programming as proposed by Ben-Tal et al. (2009) and discussed
by Gorissen et al. (2015) is given by (1).

min
x

�
cTx : Ax�b;8ðc;A; bÞ 2U ; x� 0

�
; (1)

where c;x 2 Rn;A 2 Mm�nðRÞ, b 2 Rm, andU is primitive uncertainty set
(an uncertainty set that has not yet been determined).

The aim of RO is to remove all the uncertain parameters in uncertain
problem (1) and obtain a robust reformulation of it, called the RC. To
solve the uncertain problem (1), several assumptions are necessary, as
discussed by Ben-Tal et al. (2009), Gorissen et al. (2015), and Yanıko�glu
et al. (2019): (A1) the objective function is certain, (A2) the right-hand
side vector is certain, and (A3) the uncertainty is constraint wise.

Under assumptions (A1) and (A2)—that is, assume that c 2 Rn and
b 2 Rm are certain—the uncertain problem (1) can be rewritten as (2).

min
x

�
cTx : Ax�b;8A2U ; x� 0

�
: (2)

Now, since c 2 Rn and b 2 Rm are certain, the robust reformulation of
(1), which is generally referred to as the RC problem, is given by (3):

min
x

�
cTx : AðζÞx� b; 8ζ2Z ; x� 0

�
: (3)

where Z ⊂RL.
The constraint in (3) can be rewritten constraint wise. Denoting Ai as

the i-th column in matrix A, (3) becomes (4):

ðAi þ DiζÞTx� bi;8i 2 f1; 2;⋯;mg; 8ζ 2 Z ; (4)

where Ai 2 Rn;Di 2 Mn�LðRÞ, and bi 2 R;8i 2 f1;2;⋯;mg.
In this paper, a box uncertainty set is used, with uncertainty param-

eters as discussed by Ben-Tal et al. (2009) and Gorissen et al. (2015). The
box uncertainty set is defined by Z box ¼ fζ :

����ζ��j∞ � 1g (Gorissen et al.,
2015). Thus, (4) can be written as (5):

ðAi þ DiζÞTx� bi;8i 2 f1; 2;⋯;mg; 8ζ 2 Z box: (5)
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By using the concept of the best worst-case reformulation as discussed
by Gorissen et al. (2015) thus:

ðAi þ DiζÞTx� bi;8i 2 f1; 2;⋯;mg;8ζ 2 Z box

� Ai
Txþ ðDiζÞTx � bi;8i 2 f1; 2;⋯;mg;8ζ 2 Z box

�Ai
Txþ max

ζ:jjζjj∞�1

�
Di

Tx
�
ζ� bi; 8i2

�
1; 2;⋯;m

�
(6)

Take ζ as the unit vector:

ζ¼ Di
Tx

jjDi
Txjj;8i 2 f1; 2;⋯;mg; (7)

Thus, (6) can be rewritten as follows:

Ai
Txþ ����Di

Tx
��j∞ � bi;8i2

�
1; 2;⋯;m

�
: (8)

In the case of box uncertainty, the RC of (5) is given by (9):

Ai
Txþ ����Di

Tx
��j1 � bi;8i2

�
1; 2;⋯;m

�
: (9)

By repeating this step for all other uncertain constraints, RC for the
uncertain problem (3), where ζ 2 Z box, is given by (10):

min
x

�
cTx : Ai

Txþ ����Di
Tx
��j1 � bi; x� 0

��8i2f1; 2; :::;mg�: (10)

4. Results and discussion

This section describes the experimental MOMMLRP model for
optimal RFH locations and food networks based on the three scenarios
described in the Problem Statement section. It also discusses the Robust
MOMMLRP model to handle food demand, production capacity, and
distribution cost uncertainties. The MOMMLRP models are designed
based on the three scenarios to describe the development of an RFH
location and network in West Java Province.
4.1. MOMMLRP model based on COVID-19 pandemic red zones scenarios

This subsection discussed the MOMMLRP model developed in this
study for the three scenarios. First, the MOMMLRP model for large-scale
social distancing is discussed. Then, the MOMMLRP model for partial
social distancing and for normal conditions are discussed based on the
differences from the large-scale social distancing model. The MOMMLRP
model of the three scenarios is then summarized.

4.1.1. MOMMLRP model for large-scale social distancing (Scenario 1)
To solve the problems in scenario 1, a MOMMLRP model seeks the

maximum demand fulfillment and minimum total cost of logistics. The
sets that are used in this model are I, which represents the demand zone,
J, which represents RFH, K, which represents the production zone, C,
which represents commodity, and R, which represents the red zone or the
epicenter of COVID-19 infection.

The parameters used in scenario 1 are dci, which represents the de-
mand for food c from district i (kilotonne/day); vci, which represents the
selling price of commodity c in district i (Rp/kilotonne); fck, which rep-
resents the production capacity of commodity c on central production
district k (kilotonne/day); bji, which represents distribution cost between
district j and district i for transporting the food (Rp/kilotonne); q which
represents food handling cost under several health protocols (Rp/kilo-
tonne); and h which represents the RFH-building cost (Rp/hub).

The decision variables used in this model are xj, which decides if the
RFHwill be built on district j, which takes 1 if the RFHwill not be built on
district j, and 0 otherwise; Pcj, which decides the RFH capacity for
commodity c in district j (kilotonne/day); yckj, which decides how much
of the commodity c produced on district k is sent to the RFH in district j in
5

proportion to production capacity fck; and wcji which decides how much
commodity demand c on district i is fulfilled by the RFH in district j, in
proportion to demand dci. The decision variables xj are binary (xj 2 0;1;
8j 2 J). The decision variables Pcj are real numbers (Pcj 2 R;8c 2 C;j 2 J).
The decision variables yckj are real numbers between 0 and 1 (yckj 2 ½0;1�;
8c 2 C; k 2 K; j 2 J). Decision variables wcji are real numbers between
0 and 1 (wcji 2 ½0; 1�;8c 2 C; j 2 J; i 2 I).

This model has two objectives, maximizing demand fulfillment and
minimizing logistics cost. The source of the logistics cost is the opera-
tional costs for distributing the food between segments (production
area–RFH–customer). The logistics cost also includes the operational
costs of the RFH building and food handling under the pandemic with
several precautions to maintain food safety.

The objective function to maximize the demand fulfillment is given
by (11):

max
nX

c2C

X
i2I

vci
X
j2J

wcji

o
(11)

The objective function to minimize the logistics costs as explained
above is given by (12):

min
n
h
X
j

xj þ
X
c2C

X
j2J

X
i2I

bjidciwcji þ q
X
c2C

X
j2J

Pcj þ
X
c2C

X
k2K

X
j2J

bkjfckyckj
o

(12)

The constraints that guarantee the determined RFH capacity of all
commodities are determined based on the demand and the production
capacity are given by (13):
X
k2K

fckyckj ¼Pcj; 8c 2 C; j 2 J (13)

X
i2I

dciwcji ¼Pcj; 8c 2 C; j 2 J

The constraint that guarantees that the commodities delivered from
the production area to the RFH will not exceed the production capacity
for those commodities is given by (14):
X
j2J

yckj � 1; 8c 2 C; k 2 K (14)

The constraint that guarantees that the demand fulfilled by the RFH
will not exceed the demand is given by (15):
X
j2J

wcji � 1;8c 2 C; i 2 I (15)

The following constraint guarantees that no commodities will be
delivered to the red zone if the RFH is not built in that zone:

yckj � xj; 8c 2 C; k 2 K; j 2 J (16)

The constraint that guarantees that no zone's demand will be fulfilled
if the RFH will not be built in that zone is given by (17):

wcji � xj; 8c 2 C; j 2 J; i 2 I (17)

The constraint given below guarantees that there will be no food
distribution to an RFH in the red zone from the production area in other
zones:

yckr ¼ 0;8k 2 K � frg; c 2 C; r 2 R (18)

The following constraint guarantees that there will be no food dis-
tribution to the customer in the red zone from an RFH outside the red
zone:

wcjr ¼ 0;8j 2 J � frg; c 2 C; r 2 R (19)

The constraint that guarantees that there will be no food distribution



Table 1. The MOMMLRP model for each scenario.

Scenario 1 Scenario 2 Scenario 3

Maximize (11) (11) (11)

Minimize (12) (12) (12)

Constraints (13), (14), (15), (16), (17), (18),
(19), (20), (21)

(13), (14), (15), (16), (17), (20),
(21), (22), (23)

(13), (14), (15), (16), (17), (22),
(23), (24), (25)
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from a production area in the red zone to an RFH in other zones is given
by (20):

ycrj ¼ 0; 8j 2 J � frg; c 2 C; r 2 R (20)

The following constraint guarantees that there will be no food dis-
tribution from an RFH in the red zone to customers in other zones:

wcri ¼ 0; 8i 2 I � frg; c 2 C; r 2 R (21)

4.1.2. MOMMLRP model for partial social distancing (Scenario 2)
The difference between the first and second scenarios is that in the

second, the production areas would distribute food to the RFHs in red
zones. This is considered so that the food demand in the red zones can
be fulfilled, aiming to decrease food insecurity. However, the quantity
of food distributed to the red zone is limited by the maximum trans-
portation capacity for food per delivery period. Accordingly, parameter
nc has been added, which represents the maximum amount of com-
modity c that could be distributed in one-way distribution (Tonne/
distribution). Also, two new decision variables are introduced, m2r and
m4r . Decision variable m2r decides how many times the distribution
should be done to the RFH in red zone r. Decision variable m4r decides
how many times the distribution should be done to the consumer in red
zone r.

Constraint (18) in Scenario 1 is changed to constraint (22) below,
which guarantees that the food distribution to the RFH in red zone is
allowed. Constraint (22) also calculates how many times the distribution
should be done, as follows:
X

k2K�frg
yckrfck �m2rnc; 8c 2 C; r 2 R (22)

Constraint (19) in Scenario 1 is modified into constraint (23) below,
which ensures that the food distribution to consumers in the red zone is
allowed. Constraint (23) also calculate how many times the distribution
should be done, as follows:
X

j2J�frg
wcjrdcr �m4rnc;8c 2 C; r 2 R (23)

4.1.3. MOMMLRP model for the new era food supply network (Scenario 3)
Scenario 3 adopts a typical food supply network, in which there are

no constraints on the distribution process of each zone aiming to fulfill
the food demand. The limit on scenario 3 is the maximum capacity of
food supply delivery in one distribution period, noted by nc (Tonne/
distribution). Corresponding to the statement above, two new decision
variables are added, m1r and m3r . Decision variable m1r decides how
many times the distribution should be done from the red zone r. Decision
Table 2. The uncertain MOMMLRP model for each scenario.

Scenario 1 S

Maximize (11) (

Minimize (28) (

Constraints (13), (14), (15), (16), (17), (18),
(19), (20), (21), (27)

(
(
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variable m3r decides how many times the distribution should be done
from the RFH in red zone r.

Constraint (20) in Scenario 1 was modified into constraint (24).
Constraint (24) guarantees that the food distribution from the red zone is
allowed. Constraint (24) also calculates how many times the distribution
should be done as follows:
X

j2J�frg
ycrjfcr �m1rnc;8c 2 C; r 2 R (24)

Constraint (21) in Scenario 1 was modified into constraint (25),
which guarantees that the food distribution from RFHs in red zones is
allowed. Constraint (25) also calculate how many times the distribution
should be done as follows:
X

i2I�frg
wcridci �m3rnc;8c 2 C; r 2 R (25)

The differences between the models in the three scenarios are
measured based on the maximum, minimum, and constraints used in
each scenario. The differences between the MOMMLRP model of the
three scenarios are summarized in Table 1.
4.2. Robust model formulation

In this study, we assume that the uncertain parameters are demand
for the commodities dci, production capacity for commodity fck, and
transportation costs between locations bkj and bji.The multiplication of
the uncertain parameters bjidci in objective function (12) is considered as
a single uncertain parameter mcji, which represents the maximum trav-
elling cost to fulfill the demand for commodity c in district i from the RFH
in district j. Besides, the multiplication of the uncertain parameters bkjfck
in objective function (12) is considered as a single uncertain parameter
nckj, which represents the maximum travelling cost to deliver all the
commodity c that was produced in district k to the RFH in district j. The
transformation is given as follows:

bjidci ¼mcji; 8c 2 C; j 2 J; i 2 I (26)

bkjfck ¼ nckj;8c 2 C; k 2 J; j 2 J

Thus, the uncertain parameters considered in this model are dci; fck;mcji;

nckj, as in (27):

8�fck; dci;mcji; nckj
� 2 U (27)

By substituting (26) into objective function (12), the objective function
(12) a new objective function (28) is obtained:
cenario 2 Scenario 3

11) (11)

28) (28)

13), (14), (15), (16), (17), (20),
21), (22), (23), (27)

(13), (14), (15), (16), (17), (22),
(23), (24), (25), (27)



Table 3. Robust Counterpart of MOMMLRP model for each scenario.

Scenario 1 Scenario 2 Scenario 3

Maximize (11) (11) (11)

Minimize (29) (29) (29)

Constraints (14), (15), (16), (17), (18), (19),
(20), (21), (41), (42)

(14), (15), (16), (17), (20), (21),
(22), (23), (41), (42)

(14), (15), (16), (17), (22),
(23), (24), (25), (41), (42)
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min h
X
j2J

xj þ
X
c2C

X
j2J

X
i2I

mcjiwcji þ qc
X
c2C

X
j2J

Pcj þ
X
c2C

X
k2K

X
j2J

nckjyckj (28)

n o

The objective function (12) is replaced with (28). The uncertain
MOMMLRP model for each scenario is presented in Table 2.

RO is employed to handle the uncertain problem. This can be done by
removing all uncertain parameters from the uncertain problem to obtain
a robust reformulation of the uncertain problem called the RC, as dis-
cussed in the methodology section. By using the assumption (A1), the
uncertain objective function (28) becomes (29):

min
n
zþ h

X
j2J

xj þ qc
X
c2C

X
j2J

Pcj

o
(29)

with a new decision variable z added and defined in a new constraint:
DT
3w¼

2
664
u1 0 0 ⋯ 0
0 u2 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ ⋮
0 0 0 ⋯ ujCjþjJgþjIj

3
775

2
664

w1

w2

⋮
wjCjþjJjþjIj

3
775; DT

2 y ¼

2
664
v1 0 0 ⋯ 0
0 v2 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ ⋮
0 0 0 ⋯ vjCjþjKjþjJj

3
775

2
664

y1
y2
⋮

yjCjþjKjþjJj

3
775 (38)
X
c2C

X
j2J

X
i2I

mcjiwcji þ
X
c2C

X
k2K

X
j2J

nckjyckj � z (30)

All the uncertain parameters are on the left-hand side of constraints.
The uncertain constraints in the uncertain MOMMLRP model for all
scenarios are (13) and (30). By using assumption (A3), the uncertain
MOMMLRP can be used for every single uncertain constraint (13) and
(30). The single uncertain constraint (13) and (30) can be written in
vector as given in (31) and (32):

fTy¼P (31)

dTw¼P

mTwþnTy � z (32)

where f 2 RjKj; d 2 RjIj;m 2 RjCjþjJjþjIj; n 2 RjCjþjKjþjJj and P; z 2 R.
As it is assumed that the parameter f;d;m and n are contained in a box

uncertainty set, the constraints (31) and (32) can be rewritten as (33) and
(34):

ðf þ D1ζ1ÞTy¼P (33)

ðdþ D2ζ2ÞTw¼P

ðmþ D3ζ3ÞTwþðnþ D4ζ4ÞTy � z (34)

Then, the RC of (33) and (34) are given by (35) and (36):

fTyþ jjDT
1 yjj1 ¼ P (35)
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dTwþ jjDT
2 yjj1 ¼ P
mTwþ jjDT
3wjj1 þ nTyþ jjDT

4 yjj1 � z (36)

In this case, D1;D2;D3, and D4 are diagonal matrices. Thus, the terms
of D1

Ty;D2
Tw;D3

Tw, and D4
Ty are vectors as presented in (37) and (38):

DT
1 y¼

2
664
s1 0 0 ⋯ 0
0 s2 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ ⋮
0 0 0 ⋯ sjKj

3
775

2
664

y1
y2
⋮
yjKj

3
775;

DT
2w ¼

2
664
t1 0 0 ⋯ 0
0 t2 0 ⋯ 0
⋮ ⋮ ⋮ ⋮ ⋮
0 0 0 ⋯ tjIj

3
775

2
664
w1

w2

⋮
wjIj

3
775

(37)
Since the ℓ1-norm of those vectors are the summation of its elements,
constraint (35) and (36) can be rewritten in the form of a summation as
given in (39) and (40):
X
k2K

fckyckj þ
X
k2K

sckyckj ¼Pcj; c2C; j 2 J (39)

X
i2I

dciwcji þ
X
i2I

tciwcji ¼Pcj; c2C; j 2 J

X
c2C

X
j2J

X
i2I

mcjiwcji þ
X
c2C

X
j2J

X
i2I

ucjiwcji þ
X
c2C

X
k2K

X
j2J

nckjyckj þ
X
c2C

X
k2K

X
j2J

vckjyckj

� z

(40)

where fck is the average production capacity for commodity c in pro-
duction area k; dci is the average demand for commodity c in district i;mcji

is the average distribution cost to fulfill the demand for commodity c in
district i from the RFH in district j; nckj is the average distribution cost to
deliver all the commodity c that was produced in district i to the RFH in
district j; and sck; tci; ucji; vckj is the uncertain part of fck;dci;mcji;nckj. In this
paper, all the uncertain parts are set based on the average.

By repeating the same step for all other uncertain constraints, the RC
of uncertain constraint (13) and (30) is given in (41) and (42):

X
k2K

fckyckj þ
X
k2K

sckyckj ¼Pcj;8c2C; j 2 J (41)

X
i2I

dciwcji þ
X
i2I

tciwcji ¼Pcj;8c2C; j 2 J



Figure 4. Red zone in West Java.

T. Perdana et al. Heliyon 6 (2020) e05128
c2C j2J i2I
mcjiwcji þ

c2C j2J i2I
ucjiwcji þ

c2C k2K j2J
nckjyckj þ

c2C k2K j2J
vckjyckj
XXX XXX XXX XXX

� z

(42)

The RC of the uncertain MOMMLRP for each scenario is presented in
Table 3. The RCmodel of all scenarios in Table 3 is then called the Robust
MOMMLRP model (RMOMMLRP), which is robust against the uncertain
food demand, production capacity, and distribution cost.

The RMOMMLRP models have two objectives as seen in Table 3,
which maximizing demand fulfillment and minimizing logistics cost.
Therefore, the lexicographic method is used to solve the problem. The
lexicographic method is a way to handle multi-objective optimization
problem (Stanimirovic, 2012). It orders the objectives based on priority
(Rao, 2019). The multi-objective problem is then solved iteratively from
the first objective and substituted back to the problem as a new constraint
with the following objective.
4.3. Case study

Case studies are carried out in West Java, the most populous province
in Indonesia. According to Statistics Indonesia (2020), West Java is the
Table 4. RFH optimal location for case 1 (8 red zones) in scenario 1.

RFHs Location Red zone
(Yes/No)

Capac

Rice

Ciamis No 2.120

Cirebon Yes 0.586

Sukabumi No 1.978

Bogor City Yes 0.015

Depok City Yes 0.008

Bekasi Yes 0.979

Bekasi City Yes 0.012

Bogor Yes 1.574

Bandung Yes 1.002

Bandung City Yes 0.033

Subang No 2.494
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third leading agricultural producer in Indonesia after East Java and
Central Java, as well as a strategic marketing area because 18.67% of
Indonesia's population is in West Java Province. In this study, the com-
modities analyzed are the strategic commodities of the people of West
Java, that is, rice, chicken eggs (particular chicken eggs), and vegetables.
Rice as a staple food for Indonesia as a complex carbohydrate source.
Chicken eggs (layer) are the most consumed protein due to the low price
and availability.

Moreover, vegetables are considered a high-value commodity, that is,
shallots, red chilies, beans, potatoes, carrots, tomatoes, spinach, and
water spinach. The demand and production capacity of each commodity
are assumed to be uncertain. Accordingly, ten-year consumption and
production capacity data from West Java were analyzed for each com-
modity over the period 2009–2018 (Statistics of Jawa Barat, 2009, 2010,
2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018). The logistics costs for
each region are assumed to be uncertain and calculated based on the
price of commodities and diesel fuel price.

In this model, diesel fuel prices are the benchmark for calculating
logistics cost because these types of fuel are widely used by mini trucks,
which distribute food commodities (Pertamina, 2018b,c,a). Other logis-
tics costs that are calculated in this model are operational cost and cost of
investment. Data on the selling price of each commodity was obtained
ity (Kilotonne/day)

Chicken Egg Vegetable

1 0.1697 0.5552

7 0.0394 0.0851

7 0.1328 0.4416

6 0.0198 0.0058

8 0.0422 0.0070

0 0.0657 0.0614

3 0.0530 0.0119

8 0.1057 0.2305

2 0.0672 0.1508

1 0.0453 0.0087

8 0.1400 0.3055



Table 5. Optimal location of RFH for case 2 (13 red zones) in scenario 1.

RFHs Location Red zone
(Yes/No)

Capacity (Kilotonne/day)

Rice Chicken Egg Vegetable

Garut No 1.0528 0.0471 0.1308

Tasikmalaya Yes 0.4722 0.0317 0.0933

Tasikmalaya City Yes 0.1787 0.0120 0.0353

Cirebon Yes 0.5867 0.0394 0.0851

Indramayu Yes 0.4635 0.0311 0.0915

Majalengka No 1.9523 0.1210 0.4165

Sukabumi Yes 0.6634 0.0445 0.1310

Bogor City Yes 0.0156 0.0198 0.0058

Bekasi Yes 0.9790 0.0657 0.0614

Bekasi City Yes 0.0123 0.0530 0.0119

Bogor No 2.2031 0.1537 0.4351

Cianjur Yes 0.6095 0.0409 0.1204

Bandung No 1.7207 0.1430 0.2876

Cimahi City Yes 0.0086 0.0110 0.0012

Purwakarta Yes 0.2571 0.0172 0.0508

Karawang Yes 0.6298 0.0423 0.0366

Pangandaran Yes 0.1071 0.0072 0.0211

T. Perdana et al. Heliyon 6 (2020) e05128
from the Ministry of Trade. The standard for determining the cost of RFH
development is based on the Regulation of the Minister of Trade of the
Republic of Indonesia Number 37/M-DAG/PER/5/2017 concerning
guidelines for the construction and management of Trade facilities.

The RFH location is also determined for the red zones, as presented in
Figure 4. As claimed by Pikobar, as of 28 May 2020, 9.04% of patients
exposed to COVID-19 were in West Java, placing West Java in the third
Table 6. Rice fulfillment (Scenario 1).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Case 1 Case 2

Ciamis No No 0.3205

Garut No No 0.7027

Tasikmalaya No Yes 0.4722

Tasikmalaya City No Yes 0.1787

Cirebon Yes Yes 0.5867

Cirebon City No No 0.0853

Indramayu No Yes 0.4635

Majalengka No No 0.3234

Kuningan No No 0.2897

Sukabumi No Yes 0.6634

Sukabumi City No No 0.0880

Bogor City Yes Yes 0.2957

Depok City Yes No 0.6283

Bekasi Yes Yes 0.9790

Bekasi City Yes Yes 0.7905

Bogor Yes No 1.5748

Cianjur No Yes 0.6095

Bandung Yes No 1.0022

Bandung City Yes No 0.6750

Cimahi City No Yes 0.1639

Sumedang No No 0.3100

Bandung Barat No No 0.4540

Subang No No 0.4257

Purwakarta No Yes 0.2571

Karawang No Yes 0.6298

Banjar City No No 0.0493

Pangandaran No Yes 0.1071
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position for the highest number of COVID-19 cases in Indonesia after DKI
Jakarta and East Java. Some red zones in West Java are urban areas with
high population density and are far from food supply sources. Moreover,
West Java Province does not yet have an RFH to manage food supply
sources for the community, and thus faces a severe food security prob-
lem. According to Pikobar, 27 districts or cities in West Java Province
have patients who tested positive for COVID-19.
Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2

0.3205 0.3205 100.00% 100.00 %

0.7027 0.7027 100.00% 100.00 %

0.4722 0.4722 100.00% 100.00 %

0.1787 0.1787 100.00% 100.00 %

0.5867 0.5867 100.00% 100.00 %

0.0853 0.0853 100.00% 100.00 %

0.4635 0.4635 100.00% 100.00 %

0.3234 0.3234 100.00% 100.00 %

0.2897 0.2897 100.00% 100.00 %

0.6634 0.6634 100.00% 100.00 %

0.0880 0.0880 100.00% 100.00 %

0.0156 0.0156 5.29% 5.29 %

0.0088 0.6283 1.40% 100.00 %

0.9790 0.9790 100.00% 100.00 %

0.0123 0.0123 1.55% 1.55 %

1.5748 1.5748 100.00% 100.00 %

0.6095 0.6095 100.00% 100.00 %

1.0022 1.0022 100.00% 100.00 %

0.0331 0.6750 4.90% 100.00 %

0.1639 0.0086 100.00% 5.25 %

0.3100 0.3100 100.00% 100.00 %

0.4540 0.4540 100.00% 100.00 %

0.4257 0.4257 100.00% 100.00 %

0.2571 0.2571 100.00% 100.00 %

0.6298 0.6298 100.00% 100.00 %

0.0493 0.0493 100.00% 100.00 %

0.1071 0.1071 100.00% 100.00 %



Table 7. Chicken egg fulfillment (Scenario 1).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0215 0.0215 0.0215 100.00% 100.00 %

Garut No No 0.0471 0.0471 0.0471 100.00% 100.00 %

Tasikmalaya No Yes 0.0317 0.0317 0.0317 100.00% 100.00 %

Tasikmalaya City No Yes 0.0120 0.0120 0.0120 100.00% 100.00 %

Cirebon Yes Yes 0.0394 0.0394 0.0394 100.00% 100.00 %

Cirebon City No No 0.0057 0.0057 0.0057 100.00% 100.00 %

Indramayu No Yes 0.0311 0.0311 0.0311 100.00% 100.00 %

Majalengka No No 0.0217 0.0217 0.0217 100.00% 100.00 %

Kuningan No No 0.0194 0.0194 0.0194 100.00% 100.00 %

Sukabumi No Yes 0.0445 0.0445 0.0445 100.00% 100.00 %

Sukabumi City No No 0.0059 0.0059 0.0059 100.00% 100.00 %

Bogor City Yes Yes 0.0198 0.0198 0.0198 100.00% 100.00 %

Depok City Yes No 0.0422 0.0422 0.0422 100.00% 100.00 %

Bekasi Yes Yes 0.0657 0.0657 0.0657 100.00% 100.00 %

Bekasi City Yes Yes 0.0530 0.0530 0.0530 100.00% 100.00 %

Bogor Yes No 0.1057 0.1057 0.1057 100.00% 100.00 %

Cianjur No Yes 0.0409 0.0409 0.0409 100.00% 100.00 %

Bandung Yes No 0.0672 0.0672 0.0672 100.00% 100.00 %

Bandung City Yes No 0.0453 0.0453 0.0453 100.00% 100.00 %

Cimahi City No Yes 0.0110 0.0110 0.0110 100.00% 100.00 %

Sumedang No No 0.0208 0.0208 0.0208 100.00% 100.00 %

Bandung Barat No No 0.0305 0.0305 0.0305 100.00% 100.00 %

Subang No No 0.0286 0.0286 0.0286 100.00% 100.00 %

Purwakarta No Yes 0.0172 0.0172 0.0172 100.00% 100.00 %

Karawang No Yes 0.0423 0.0423 0.0423 100.00% 100.00 %

Banjar City No No 0.0033 0.0033 0.0033 100.00% 100.00 %

Pangandaran No Yes 0.0072 0.0072 0.0072 100.00% 100.00 %

T. Perdana et al. Heliyon 6 (2020) e05128
In the scenarios constructed, eight districts are considered red zones
in Case 1 (based on data fromMarch 21, 2020) and thirteen red zones are
identified in Case 2 (based on data on May 20, 2020). All red zones are in
urban areas and are the focus of the central and regional governments'
monitoring activities. None of the districts in the red zone have a robust
food supply network yet, and the Government thus gives high priority to
the issue of food security.

In this paper, the RFH model was also designed based on the
Governor of West Java's flagship program, "Jabar Juara" (West Java
Champion). RFH development in West Java Province emphasizes the
concept of the smart supply chain for agricultural development. It aims to
provide a stable food supply network and focus on the optimization of
local production levels. TheWest Java Provincial Government also aimed
to meet the nutritional needs of the community, reduce food loss and
waste, and adopt sustainable agriculture by developing RFHs. Therefore,
presidential directives have a significant point of working related to food
security (Djalante et al., 2020).
4.4. Numerical simulation results

This subsection discusses the results of the numerical simulation for
the three scenarios. First, the result for each scenario is discussed, which
are then compared at the end of the subsection.

4.4.1. Numerical simulation result: scenario 1
The optimal location for the RFH in scenario 1 is developed based on

Case 1 (eight red zones) presented in Table 4, and Case 2 (thirteen red
zones), as shown in Table 5. There are eleven alternative RFH locations in
Case 1, eight in red zones and three outside. In this scenario, large-scale
social distancing is applied as protection aimed to limit space in the red
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zone. The RFH development area in scenario 1 is at high risk for defi-
ciency of food supply. Further, hunger will continue to increase in the red
zone as it cannot depend on the other production areas. The total logistics
cost for scenario 1 in Case 1 is Rp 5,212.13/kg production.

In Case 2, seventeen optimal RFHs must be built, thirteen in the red
zone and the rest from other zones. The implementation of large-scale
social distancing reduces food distribution from other districts. In sce-
nario 1, there is a change in the amount of RFHs that must be built. As
more red zones and locations change, the need for RFH development will
continue to increase. It can affect the availability of food in areas affected
by large-scale social distancing. The total logistics cost for Scenario 1 in
Case 2 is Rp5,212.89/kg.

As discussed before, the greater the number of red zones, the higher is
the need for RFH development. This is due to the restriction of the food
supply network in the red zones. RFHs should be built in every red zone
to maximize demand fulfillment in those areas to avoid an increase in
hunger.

In terms of the complexity of the problems, Case 1 in scenario 1 has
4,482 decision variables and 974 parameters, which are involved in
6,522 constraint functions. Meanwhile, Case 2 in scenario 1 has the same
decision variables and parameters, which are involved in 6,882
constraint functions. The greater the number of red zones involved in the
case, the more complex the model will be.

In this scenario, the rice demand of urban areas that become the
epicenter of COVID-19 could not be fulfilled, as presented in Table 6. The
area's capacity to produce rice cannot match its total rice needs. The
RFHs in four red zones could not import rice from the production areas
outside the red zones, due to the policies that forbid distribution from or
to the red zones. Thus, more than 8million citizens in four red zone are in
food insecurity.



Table 8. Vegetable fulfillment (Scenario 1).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0633 0.0633 - 100.00% 0.00 %

Garut No No 0.1388 0.1388 0.1308 100.00% 94.23 %

Tasikmalaya No Yes 0.0933 0.0933 0.0933 100.00% 100.00 %

Tasikmalaya City No Yes 0.0353 0.0353 0.0353 100.00% 100.00 %

Cirebon Yes Yes 0.1159 0.0851 0.0851 73.43% 73.43 %

Cirebon City No No 0.0168 0.0168 0.0168 100.00% 100.00 %

Indramayu No Yes 0.0915 0.0915 0.0915 100.00% 100.00 %

Majalengka No No 0.0639 0.0639 0.0639 100.00% 100.00 %

Kuningan No No 0.0572 0.0572 0.0572 100.00% 100.00 %

Sukabumi No Yes 0.1310 0.1310 0.1310 100.00% 100.00 %

Sukabumi City No No 0.0174 0.0174 - 100.00% 0.00 %

Bogor City Yes Yes 0.0584 0.0058 0.0058 9.95% 9.95 %

Depok City Yes No 0.1241 0.0070 0.1241 5.62% 100.00 %

Bekasi Yes Yes 0.1933 0.0614 0.0614 31.75% 31.75 %

Bekasi City Yes Yes 0.1561 0.0119 0.0119 7.64% 7.64 %

Bogor Yes No 0.3110 0.2305 0.3110 74.11% 100.00 %

Cianjur No Yes 0.1204 0.1204 0.1204 100.00% 100.00 %

Bandung Yes No 0.1979 0.1508 0.1979 76.19% 100.00 %

Bandung City Yes No 0.1333 0.0087 0.1333 6.52% 100.00 %

Cimahi City No Yes 0.0324 0.0324 0.0012 100.00% 3.58 %

Sumedang No No 0.0612 0.0612 0.0612 100.00% 100.00 %

Bandung Barat No No 0.0897 0.0897 0.0897 100.00% 100.00 %

Subang No No 0.0841 0.0841 0.0841 100.00% 100.00 %

Purwakarta No Yes 0.0508 0.0508 0.0508 100.00% 100.00 %

Karawang No Yes 0.1244 0.1244 0.0366 100.00% 29.42 %

Banjar City No No 0.0097 0.0097 - 100.00% 0.00 %

Pangandaran No Yes 0.0211 0.0211 0.0211 100.00% 100.00 %
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Changes in the classification of red zones affect rice demand fulfill-
ment. Depok and Bandung City, whose production capacity cannot fulfill
their demand, were classified as red zones in Case 1. However, in Case 2,
they are no longer classified as red zones, and so their demand could be
fulfilled by other districts, resulting in an increase in the rice fulfillment
Figure 5. Food supply network from product
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in those districts. In contrast, Cimahi City was classified as a green zone
in Case 1, and other districts could fulfill its demand. However, in Case 2,
Cimahi City became a red zone that could not fulfill its demand, resulting
in a decrease in rice fulfillment in Cimahi City. Although there are other
red-zone status changes in several districts, their demand fulfillment was
ion zone to RFH for case 1 in scenario 1.



Figure 6. Food supply network from RFH to consumer for case 1 in scenario 1.
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not affected, e.g., Tasikmalaya, Indramayu, Sukabumi, Bogor, Cianjur,
Purwakarta, and Karawang. Their capacity to produce rice can meet their
demand, so the demand fulfillment in those districts will not change if
they become red zones. Overall, the rice fulfillment increase in Depok
and Bandung is higher than the rice fulfillment decrease in Cimahi. At the
same time, other changes in red zones did not affect rice demand
fulfillment. This makes rice fulfillment in Case 2 is higher than in Case 1.

Unlike rice commodities, demand for chicken eggs can be met by all
areas, as presented in Table 7. The 27 districts/cities in West Java can
produce chicken eggs without depending on other production areas. The
classification of the red zone thus does not affect the fulfillment of
chicken egg needs. However, chicken eggs are insufficient to reduce the
risk of hunger and the issue of immunity during the COVID-19 pandemic.

Changes in the classification of red zones did not affect the fulfillment
of the egg demand. When green zones in Case 1 become red zones in Case
2, their egg demand could not be supported by other districts. However,
their own capacity to produce eggs could fulfill their demand, and so the
demand fulfillment in those districts could be maintained. When a green
zone in Case 1 became a red zone in Case 2, the eggs produced there
could no longer be distributed to other districts. However, other districts
produced sufficient eggs, and so the egg demand in green zones was still
fulfilled, thus maintaining the overall fulfillment of egg demand. When
Table 9. RFH optimal location for case 1 (8 red zones) in scenario 2.

RFHs Location Red Zone (Yes/No) C

R

Ciamis No 2

Cirebon Yes 0

Sukabumi No 1

Bogor City Yes 0

Depok City Yes 0

Bekasi Yes 0

Bekasi City Yes 0

Bogor Yes 1

Bandung Yes 1

Bandung City Yes 0

Subang No 2

12
the red zone in Case 1 became a green zone in Case 2, the egg produced
could be distributed to another green zone. Further, their demand could
be fulfilled by another green zone, which makes for a better and more
productive food supply network.

About eight districts/cities in Case 1 and nine red zones in Case 2
could not meet vegetable demand, as presented in Table 8. This was
because these zones are not the main vegetable-producing area. Themain
production areas were restricted from distributing the vegetable yields to
the red zones, whichmakes the vegetable fulfillment in this scenario even
worse. Based on the rate of vegetable consumption in each district, it is
estimated that more than 13 million people in West Java could not fulfill
their vegetable needs.

Changes in the classification of red zone affect vegetable fulfillment.
The fulfillment ratio of a red zone in Case 1 that changed into a green
zone in Case 2 will remain the same or increase. Whenever a red zone
becomes a green zone, its demand can be fulfilled by other districts, and
so its demand fulfillment increased or at least remains the same. In
contrast, the fulfillment ratio of a green zone in Case 1 that changed in a
red zone in Case 2 will remain the same or decrease. Whenever a green
zone becomes a red zone, its demand cannot be fulfilled by other districts
anymore, and so their demand fulfillment decreases or at least remains
the same. The green zones in Case 1 that changed into red zones in Case 2
apacity (Kilotonne/day)

ice Chicken Egg Vegetable

.1201 0.1697 0.6215

.5867 0.0394 0.1159

.9787 0.1328 0.1792

.2957 0.0198 0.0584

.6283 0.0422 0.1241

.9790 0.0657 0.1933

.7905 0.0530 0.1561

.5748 0.1057 0.3110

.0022 0.0672 0.1979

.6750 0.0453 0.1333

.4948 0.1400 0.3017



Table 10. Optimal RFH location for case 2 (13 red zones) in scenario 2.

RFHs Location Red Zone (Yes/No) Capacity (Kilotonne/day)

Rice Chicken Egg Vegetable

Tasikmalaya Yes 0.4722 0.0317 0.0933

Tasikmalaya City Yes 0.1787 0.0120 0.0353

Cirebon Yes 0.5867 0.0394 0.1159

Indramayu Yes 0.4635 0.0311 0.0915

Sukabumi Yes 0.6634 0.0445 0.1310

Bogor City Yes 0.2957 0.0198 0.0058

Bekasi Yes 0.9790 0.0657 0.1933

Bekasi City Yes 0.7905 0.0530 0.1561

Bogor No 2.2031 0.1537 0.1399

Cianjur Yes 0.6095 0.0409 0.1204

Bandung No 1.4852 0.1430 0.2671

Cimahi City Yes 0.1639 0.0110 0.0324

Sumedang No 3.2406 0.1682 0.4370

Purwakarta Yes 0.2571 0.0172 0.0508

Karawang Yes 0.6298 0.0423 0.1244

Pangandaran Yes 0.1071 0.0072 0.0211

Table 11. Rice fulfillment (Scenario 2).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.3205 0.3205 0.3205 100.00% 100.00 %

Garut No No 0.7027 0.7027 0.7027 100.00% 100.00 %

Tasikmalaya No Yes 0.4722 0.4722 0.4722 100.00% 100.00 %

Tasikmalaya City No Yes 0.1787 0.1787 0.1787 100.00% 100.00 %

Cirebon Yes Yes 0.5867 0.5867 0.5867 100.00% 100.00 %

Cirebon City No No 0.0853 0.0853 0.0853 100.00% 100.00 %

Indramayu No Yes 0.4635 0.4635 0.4635 100.00% 100.00 %

Majalengka No No 0.3234 0.3234 0.3234 100.00% 100.00 %

Kuningan No No 0.2897 0.2897 0.2897 100.00% 100.00 %

Sukabumi No Yes 0.6634 0.6634 0.6634 100.00% 100.00 %

Sukabumi City No No 0.0880 0.0880 0.0880 100.00% 100.00 %

Bogor City Yes Yes 0.2957 0.2957 0.2957 100.00% 100.00 %

Depok City Yes No 0.6283 0.6283 0.6283 100.00% 100.00 %

Bekasi Yes Yes 0.9790 0.9790 0.9790 100.00% 100.00 %

Bekasi City Yes Yes 0.7905 0.7905 0.7905 100.00% 100.00 %

Bogor Yes No 1.5748 1.5748 1.5748 100.00% 100.00 %

Cianjur No Yes 0.6095 0.6095 0.6095 100.00% 100.00 %

Bandung Yes No 1.0022 1.0022 1.0022 100.00% 100.00 %

Bandung City Yes No 0.6750 0.6750 0.6750 100.00% 100.00 %

Cimahi City No Yes 0.1639 0.1639 0.1639 100.00% 100.00 %

Sumedang No No 0.3100 0.3100 0.3100 100.00% 100.00 %

Bandung Barat No No 0.4540 0.4540 0.4540 100.00% 100.00 %

Subang No No 0.4257 0.4257 0.4257 100.00% 100.00 %

Purwakarta No Yes 0.2571 0.2571 0.2571 100.00% 100.00 %

Karawang No Yes 0.6298 0.6298 0.6298 100.00% 100.00 %

Banjar City No No 0.0493 0.0493 0.0493 100.00% 100.00 %

Pangandaran No Yes 0.1071 0.1071 0.1071 100.00% 100.00 %
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are predominantly in suburban areas, with sufficient production capacity
to fulfill their own demand. The red zones in Case 1 that changed into the
green zone in Case 2 are predominantly urban, with a high population
density, resulting in more people requiring vegetable supply. This makes
the vegetable fulfillment in Case 2 higher than in Case 1.

Scenario 1 restricted the food supply network from the production
area to the RFHs in the red zones, who are then forced to produce food.
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The scenario creates a significant RFH development cost because every
time an additional red zone comes up, the government must build an
RFH. Limited movement causes shortage of some food commodities. This
scenario cannot optimize the RFH function as an aggregator between
food production and consumer areas. These conditions result in food
insecurity and malnutrition.



Table 12. Chicken egg fulfillment (Scenario 2).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0215 0.0215 0.0215 100.00% 100.00 %

Garut No No 0.0471 0.0471 0.0471 100.00% 100.00 %

Tasikmalaya No Yes 0.0317 0.0317 0.0317 100.00% 100.00 %

Tasikmalaya City No Yes 0.0120 0.0120 0.0120 100.00% 100.00 %

Cirebon Yes Yes 0.0394 0.0394 0.0394 100.00% 100.00 %

Cirebon City No No 0.0057 0.0057 0.0057 100.00% 100.00 %

Indramayu No Yes 0.0311 0.0311 0.0311 100.00% 100.00 %

Majalengka No No 0.0217 0.0217 0.0217 100.00% 100.00 %

Kuningan No No 0.0194 0.0194 0.0194 100.00% 100.00 %

Sukabumi No Yes 0.0445 0.0445 0.0445 100.00% 100.00 %

Sukabumi City No No 0.0059 0.0059 0.0059 100.00% 100.00 %

Bogor City Yes Yes 0.0198 0.0198 0.0198 100.00% 100.00 %

Depok City Yes No 0.0422 0.0422 0.0422 100.00% 100.00 %

Bekasi Yes Yes 0.0657 0.0657 0.0657 100.00% 100.00 %

Bekasi City Yes Yes 0.0530 0.0530 0.0530 100.00% 100.00 %

Bogor Yes No 0.1057 0.1057 0.1057 100.00% 100.00 %

Cianjur No Yes 0.0409 0.0409 0.0409 100.00% 100.00 %

Bandung Yes No 0.0672 0.0672 0.0672 100.00% 100.00 %

Bandung City Yes No 0.0453 0.0453 0.0453 100.00% 100.00 %

Cimahi City No Yes 0.0110 0.0110 0.0110 100.00% 100.00 %

Sumedang No No 0.0208 0.0208 0.0208 100.00% 100.00 %

Bandung Barat No No 0.0305 0.0305 0.0305 100.00% 100.00 %

Subang No No 0.0286 0.0286 0.0286 100.00% 100.00 %

Purwakarta No Yes 0.0172 0.0172 0.0172 100.00% 100.00 %

Karawang No Yes 0.0423 0.0423 0.0423 100.00% 100.00 %

Banjar City No No 0.0033 0.0033 0.0033 100.00% 100.00 %

Pangandaran No Yes 0.0072 0.0072 0.0072 100.00% 100.00 %
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Scenario 1 is not compatible when applied in the long term. It would
cause certain areas to be isolated from production areas and reduce the
fulfillment of food demand. Although RFHs are required to serve all
consumers, the supply does not match the consumption needs. In Fig-
ures 5 and 6, the RFH is not optimistic about providing food for the
community.

4.4.2. Numerical simulation result: scenario 2
The optimal location for the RFH in scenario 2 is developed based on

Case 1 (eight red zones) in Table 9, and Case 2 (thirteen red zones) in
Table 10. Scenario 2 was built, in which partial social distancing condi-
tions were applied in the red zone areas. Although the production center
can supply food to the RFHs in the red zone, the addition of the red zone
still affects the number of RFHs that must be built. The total RFHs built is
eleven in Case 1, eight in the red zones, and the rest outside. The total
logistics cost for scenario 2 in Case 1 is Rp 5,211.35/kg, and the fulfill-
ment ratio of rice and chicken egg reaches 100%; only the demand for
vegetables could not be fulfilled.

If the vegetables produced in West Java is sufficient to fulfill the
overall demand, RFH development will not be affected by the changes
in the classification of red zones. However, since this is not the case,
RFHs should be built in the red zones so that the vegetables produced
in the red zones could be distributed to fulfill their demand. This
condition makes the number of RFHs increase in Case 2, in which
sixteen RFHs are built. The total logistic cost for scenario 2 in Case 2 is
Rp5,214.46/Kg.

In terms of the complexity of the problems, Case 1 in scenario 2 has
4,498 decision variables and 975 parameters, which are involved in
5,658 constraint functions. Meanwhile, Case 2 in scenario 1 has 4,508
decision variables and 975 parameters involved in 5,868 constraint
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functions. The greater the number of red zones involved in the case, the
more complex the model will be.

In this scenario, RFHs become crucial to maximize the supply of
products. According to Table 11, all areas in Cases 1 and 2 could fulfill
rice demand, as rice production in every area in West Java is sufficient to
satisfy their demand. The application of partial social distancing helps
RFHs to provide for the rice needs in each RFH. Further, hygiene and food
safety standards must be implemented in the case of partial social
distancing in food distribution.

The changes in the classification of red zones did not affect the rice
demand fulfillment in scenario 2. This is because when a green zone in
Case 1 became red zone in Case 2, their produced rice could no longer
be distributed to other districts but there other districts produced
sufficient rice, which maintains the fulfillment of rice demand. When a
red zone in Case 1 became a green zone in Case 2, fulfillment of rice
demand improved because the rice produced in those districts is no
longer restricted, which provides additional rice supplies from those
districts, resulting in a the better and more effective food supply
network.

The chicken egg requirement in scenario 2 can be fulfilled 100% in
each district of West Java Province, as presented in Table 12. The partial
social distancing for some commodities could build customer confidence
to reduce risk exposure and guarantee universal health coverage. These
results carry obvious implications for household food security and
nutrition, particularly for those in the red zone.

The changes in the classification of red zones did not affect the egg
demand fulfillment in scenario 2. This is because when the green zone in
Case 1 becomes a red zone in Case 2, the egg produced there could no
longer be distributed to other districts. However, other districts could
produce sufficient eggs, which helps maintain the fulfillment of egg



Table 13. Vegetable fulfillment (Scenario 2).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0633 0.0633 - 100.00% 0.00 %

Garut No No 0.1388 0.0874 - 62.97% 0.00 %

Tasikmalaya No Yes 0.0933 0.0933 0.0933 100.00% 100.00 %

Tasikmalaya City No Yes 0.0353 0.0353 0.0353 100.00% 100.00 %

Cirebon Yes Yes 0.1159 0.1159 0.1159 100.00% 100.00 %

Cirebon City No No 0.0168 0.0168 0.0168 100.00% 100.00 %

Indramayu No Yes 0.0915 0.0915 0.0915 100.00% 100.00 %

Majalengka No No 0.0639 0.0639 0.0639 100.00% 100.00 %

Kuningan No No 0.0572 0.0572 0.0572 100.00% 100.00 %

Sukabumi No Yes 0.1310 - 0.1310 0.00% 100.00 %

Sukabumi City No No 0.0174 - - 0.00% 0.00 %

Bogor City Yes Yes 0.0584 0.0584 0.0058 100.00% 9.95 %

Depok City Yes No 0.1241 0.1241 0.1241 100.00% 100.00 %

Bekasi Yes Yes 0.1933 0.1933 0.1933 100.00% 100.00 %

Bekasi City Yes Yes 0.1561 0.1561 0.1561 100.00% 100.00 %

Bogor Yes No 0.3110 0.3110 0.0159 100.00% 5.10 %

Cianjur No Yes 0.1204 0.1204 0.1204 100.00% 100.00 %

Bandung Yes No 0.1979 0.1979 0.1979 100.00% 100.00 %

Bandung City Yes No 0.1333 0.1333 0.1333 100.00% 100.00 %

Cimahi City No Yes 0.0324 0.0324 0.0324 100.00% 100.00 %

Sumedang No No 0.0612 0.0612 0.0612 100.00% 100.00 %

Bandung Barat No No 0.0897 0.0897 0.0897 100.00% 100.00 %

Subang No No 0.0841 0.0841 0.0841 100.00% 100.00 %

Purwakarta No Yes 0.0508 0.0508 0.0508 100.00% 100.00 %

Karawang No Yes 0.1244 0.1244 0.1244 100.00% 100.00 %

Banjar City No No 0.0097 0.0097 - 100.00% 0.00 %

Pangandaran No Yes 0.0211 0.0211 0.0211 100.00% 100.00 %

Figure 7. Food supply network from production zone to RFH for case 1 in scenario 2.
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demand. When the red zone in Case 1 became a green zone in Case 2, the
egg demand fulfillment improved because the eggs produced in those
districts is no longer restricted, which increases egg supply from those
districts.
15
In this scenario, partial social distancing cannot meet the needs of
vegetable consumption, as presented in Table 13. Therefore, vegetable
needs can be substituted with other vegetable commodities to meet daily
food fiber needs. There are about 3.7 million people in West Java whose



Figure 8. Food supply network from RFH to consumer for case 1 in scenario 2.

Table 14. Optimal location of RFH for case 1 (8 red zones) in scenario 3.

RFHs Location Red Zone (Yes/No) Capacity (Kilotonne/day)

Rice Chicken Egg Vegetable

Ciamis No 1.9088 0.1228 0.5988

Cirebon Yes 1.7486 0.1381 0.3179

Bogor Yes 1.7136 0.1676 0.4344

Cianjur No 2.5784 0.0916 0.3219

Bandung Yes 1.4852 0.1537 0.3049

Karawang No 3.6914 0.2068 0.4146

Table 15. Optimal location of RFH for case 2 (13 red zones) in scenario 3.

RFHs Location Red Zone (Yes/No) Capacity (Kilotonne/day)

Rice Chicken Egg Vegetable

Ciamis No 1.9088 0.1228 0.5988

Cirebon Yes 1.7486 0.1381 0.3179

Bogor No 1.7136 0.1676 0.4344

Cianjur Yes 2.5784 0.0913 0.3212

Bandung No 1.4852 0.1540 0.3049

Karawang Yes 3.6914 0.2068 0.4146
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vegetable needs would not be fulfilled if there is no substitute in the form
of other vegetable commodities.

Changes in the classification of red zones affect vegetable demand
fulfillment. This is because the vegetables produced in West Java are less
than the demand for them. When the red zones in Case 1 become green
zones in Case 2, the vegetable produced there could be distributed to
other districts, which strengthens the food supply network. However,
when a green zone in Case 1 becomes a red zone in Case 2, the produced
vegetable could no longer be distributed to other districts anymore.
Meanwhile, the vegetable produced in other districts is insufficient to
fulfill the overall demand. Thus, the greater the number of red zones, the
16
lower the vegetable supply, which results in a decrease in vegetable
fulfillment. This condition could worsen if the green zones that change
into red zones are predominantly in suburban areas with high vegetable
production capacity.

In Case 1, the vegetable fulfillment reached maximum with all the
vegetable produced. All vegetable produced are distributed in Case 1.
However, as the number of red zones increased in Case 2, vegetable
fulfillment decreased. Cianjur is one of the suburban areas with high
vegetable production capacity. When Cianjur becomes a red zone in Case
2, West Java loses one of its main vegetable production sources, which
makes the vegetable fulfillment in Case 2 lower than Case in 1.



Table 16. Rice fulfillment (Scenario 3).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.3205 0.3205 0.3205 100.00% 100.00 %

Garut No No 0.7027 0.7027 0.7027 100.00% 100.00 %

Tasikmalaya No Yes 0.4722 0.4722 0.4722 100.00% 100.00 %

Tasikmalaya City No Yes 0.1787 0.1787 0.1787 100.00% 100.00 %

Cirebon Yes Yes 0.5867 0.5867 0.5867 100.00% 100.00 %

Cirebon City No No 0.0853 0.0853 0.0853 100.00% 100.00 %

Indramayu No Yes 0.4635 0.4635 0.4635 100.00% 100.00 %

Majalengka No No 0.3234 0.3234 0.3234 100.00% 100.00 %

Kuningan No No 0.2897 0.2897 0.2897 100.00% 100.00 %

Sukabumi No Yes 0.6634 0.6634 0.6634 100.00% 100.00 %

Sukabumi City No No 0.0880 0.0880 0.0880 100.00% 100.00 %

Bogor City Yes Yes 0.2957 0.2957 0.2957 100.00% 100.00 %

Depok City Yes No 0.6283 0.6283 0.6283 100.00% 100.00 %

Bekasi Yes Yes 0.9790 0.9790 0.9790 100.00% 100.00 %

Bekasi City Yes Yes 0.7905 0.7905 0.7905 100.00% 100.00 %

Bogor Yes No 1.5748 1.5748 1.5748 100.00% 100.00 %

Cianjur No Yes 0.6095 0.6095 0.6095 100.00% 100.00 %

Bandung Yes No 1.0022 1.0022 1.0022 100.00% 100.00 %

Bandung City Yes No 0.6750 0.6750 0.6750 100.00% 100.00 %

Cimahi City No Yes 0.1639 0.1639 0.1639 100.00% 100.00 %

Sumedang No No 0.3100 0.3100 0.3100 100.00% 100.00 %

Bandung Barat No No 0.4540 0.4540 0.4540 100.00% 100.00 %

Subang No No 0.4257 0.4257 0.4257 100.00% 100.00 %

Purwakarta No Yes 0.2571 0.2571 0.2571 100.00% 100.00 %

Karawang No Yes 0.6298 0.6298 0.6298 100.00% 100.00 %

Banjar City No No 0.0493 0.0493 0.0493 100.00% 100.00 %

Pangandaran No Yes 0.1071 0.1071 0.1071 100.00% 100.00 %
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Although RFHs can receive supplies from several nearby production
areas, the red zones are restricted from supplying food to other districts,
as shown in Figures 7 and 8. This distributionmodel is still safe if the area
affected by the pandemic is an urban area. However, if the pandemic
extends to areas of food production centers in West Java, food shortages
is likely to occur in various districts.

The food supply network of RFHs can only serve consumers who are
in the red zone. This scenario is safe if the red zones are confined to urban
areas—this model is designed to ensure that customers in the red zone
have food security. However, the large number of RFHs has caused high
RFH development costs.

4.4.3. Numerical simulation result: scenario 3
The optimal location for the RFH in scenario 3 is developed based on

Case 1 (eight red zones) in Table 14, and Case 2 (thirteen red zones) is
shown in Table 15. Unlike scenarios 1 and 2, in scenario 3, RFH devel-
opment is not affected by the change in the classification and increase of
red zones. The number of RFH that must be built does not change in
scenario 3, which has implications for the cheaper RFH development.
The RFH is built near central production areas, and can optimized to
supply food to a broad range of consumers. The total logistics cost in
model 3 is thus lower than in scenario 1 and 2, at Rp 5,208.38/Kg. The
demand fulfillment of all food commodities reaches its maximum in this
scenario. The number of RFHs built in this scenario is less than in sce-
narios 1 and 2, whereas, the total capacity of all RFHs is higher. The food
supply network in this scenario is more effective than in scenarios 1 and
2.

In terms of the complexity of the problem, Case 1 in scenario 3 has
4,514 decision variables and 975 parameters, which are involved in
4,746 constraint functions. Meanwhile, Case 2 in scenario 1 has 4,524
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decision variables and 975 parameters, which are involved in 4,776
constraint functions. The greater the number of red zones involved in the
case, the more complex the model will be.

In scenario 3, the RFH development can optimize food security for the
whole community. The food supply network that carries out normal
conditions could impact the economic circulation. Food security in the
COVID-19 pandemic is vital for the survival and health of society. For the
people of West Java, rice supplies are crucial, especially when there is
social distancing. The needs of rice in West Java can be fulfilled, as
presented in Table 16.

The needs of the chicken egg in West Java Province can also be ful-
filled, as presented in Table 17. Six districts control up to 43.72% of the
total production of chicken eggs in West Java Province. This scenario can
guarantee the sustainability and availability of egg supply in each
customer area in West Java Province.

Two cities could not meet vegetable demand, and one district cannot
fulfill 100% of the vegetable needs in the area, as presented in Table 18.
Around 3.7 million people are threatened with a shortage of vegetable
supplies. As stated earlier, the lack of fulfillment of vegetables can be
substituted with other commodities that are not considered in this model.
Therefore, vegetable consumption fulfillment can be reconsidered by
adding consumption and production components of other vegetable
commodities produced locally.

Each production area can supply crops to the nearest RFH with due
consideration to hygiene protocols as a preventive measure for COVID-
19 transmission. The food supply network with a system based on
normal conditions ensures the availability of food for the communities,
as presented in Figure 9. This condition can have implications for
social and economic factors of the communities in urban and rural
areas.



Table 17. Chicken egg fulfillment (Scenario 3).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0215 0.0215 0.0215 100.00% 100.00 %

Garut No No 0.0471 0.0471 0.0471 100.00% 100.00 %

Tasikmalaya No Yes 0.0317 0.0317 0.0317 100.00% 100.00 %

Tasikmalaya City No Yes 0.0120 0.0120 0.0120 100.00% 100.00 %

Cirebon Yes Yes 0.0394 0.0394 0.0394 100.00% 100.00 %

Cirebon City No No 0.0057 0.0057 0.0057 100.00% 100.00 %

Indramayu No Yes 0.0311 0.0311 0.0311 100.00% 100.00 %

Majalengka No No 0.0217 0.0217 0.0217 100.00% 100.00 %

Kuningan No No 0.0194 0.0194 0.0194 100.00% 100.00 %

Sukabumi No Yes 0.0445 0.0445 0.0445 100.00% 100.00 %

Sukabumi City No No 0.0059 0.0059 0.0059 100.00% 100.00 %

Bogor City Yes Yes 0.0198 0.0198 0.0198 100.00% 100.00 %

Depok City Yes No 0.0422 0.0422 0.0422 100.00% 100.00 %

Bekasi Yes Yes 0.0657 0.0657 0.0657 100.00% 100.00 %

Bekasi City Yes Yes 0.0530 0.0530 0.0530 100.00% 100.00 %

Bogor Yes No 0.1057 0.1057 0.1057 100.00% 100.00 %

Cianjur No Yes 0.0409 0.0409 0.0409 100.00% 100.00 %

Bandung Yes No 0.0672 0.0672 0.0672 100.00% 100.00 %

Bandung City Yes No 0.0453 0.0453 0.0453 100.00% 100.00 %

Cimahi City No Yes 0.0110 0.0110 0.0110 100.00% 100.00 %

Sumedang No No 0.0208 0.0208 0.0208 100.00% 100.00 %

Bandung Barat No No 0.0305 0.0305 0.0305 100.00% 100.00 %

Subang No No 0.0286 0.0286 0.0286 100.00% 100.00 %

Purwakarta No Yes 0.0172 0.0172 0.0172 100.00% 100.00 %

Karawang No Yes 0.0423 0.0423 0.0423 100.00% 100.00 %

Banjar City No No 0.0033 0.0033 0.0033 100.00% 100.00 %

Pangandaran No Yes 0.0072 0.0072 0.0072 100.00% 100.00 %
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In distributing food from RFHs to consumers, RFH services cover all
areas within a certain distance, as presented in Figure 10. Food distri-
bution from RFHs is done through traditional markets, modern markets,
caf�es, restaurants, catering services, hospitals, hotels, and online market
places. The distribution system guarantees the availability and trace-
ability of food, making it easy to control food security in each consumer
area.
4.5. Discussion of optimal scenarios

As a result of the COVID-19 pandemic, the issue of the food system
has emerged. The food system includes all aspects of providing food. The
implementation of the large-scale social distancing impacted the uncer-
tainty of food demand and supply. Therefore, it is essential to develop a
food system to tackle the uncertainty of food supply. In this paper, a
model was developed that focuses on the RFH location and network. It
determined the improvement of food security for society by considering
aspects of sustainability, food safety, and effectiveness of the food supply
network. A set of rules were applied to each situation to arrive at the best
scenario for food supply during the pandemic. The three scenarios are
compared and summarized in Table 19.

Scenario 1 implements large-scale social distancing so that areas
designated as red zones cannot deliver or receive food supplies from
other regions and vice versa. The limitation in this scenario aims to
minimize the spread of the disease. This scenario becomes a problem if
the red zone only falls in urban areas that do not have sufficient capacity
for food production. The number of RFHs in scenario 1 is higher than in
both scenarios 2 and 3. The results for this scenario will also worsen
when the number of areas classified as red zones increases, as each
location will need to build RFHs and fulfill food needs independently. A
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change in the number of red zones also affects the total cost of RFH
development. The application of large-scale social distancing on the food
supply network inhibits economic circulation and social activities. This
condition is not in line with the principle of food security and sustain-
ability (Sharpe et al., 2020).

Scenario 2 applies partial social distancing; other zones support the
food needs of the red zone and are predicted to decrease hunger. Food
distribution activities from the other areas are also carried out by
implementing food and health safety protocols recommended by the
government as a way to minimize the spread of the disease. Food security
should consider the spreading of the virus between producers, retailers,
and customers and avoid massive food insecurity.

Scenario 2 aims at keeping the food supply network functioning to be
able fulfill food needs. However, this scenario will only work well if all
red zones are in urban areas. The situation would be different if the red
zone extends into the production center, causing a shortage of food
supply in several areas. It is feared that this situation will worsen the
community's physical and mental health (Highlander and Singley, 2020).
Moreover, the costs required for RFH development are not much
different from scenario 1.

In scenario 3, food delivery is carried out under the new era in the
food supply chain, which involves the implementation of health and food
safety protocols. Each production area can supply the crops to the nearest
RFH, and RFHs can serve the entire area based on their range and ca-
pacity. The vegetable needs can be fulfilled by substituting other vege-
table commodities not included in this model's calculation. RFH
development in scenario 3 is not affected by the increase in the number of
red zones and location changes. Therefore, the costs required for RFH
development is lower than in scenarios 1 and 2. The RFH could be the
optimal form of food supply network as it can ensure the supply of food



Table 18. Vegetable fulfillment (Scenario 3).

District Red zone
(Yes/No)

Demand
(Kilotonne/day)

Demand Supplied
(Kilotonne/day)

Fulfillment Ratio
(% fulfilled)

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Ciamis No No 0.0633 0.0633 0.0633 100.00% 100.00 %

Garut No No 0.1388 0.0874 0.0874 62.97% 62.97 %

Tasikmalaya No Yes 0.0933 0.0933 0.0933 100.00% 100.00 %

Tasikmalaya City No Yes 0.0353 0.0353 0.0353 100.00% 100.00 %

Cirebon Yes Yes 0.1159 0.1159 0.1159 100.00% 100.00 %

Cirebon City No No 0.0168 0.0168 0.0168 100.00% 100.00 %

Indramayu No Yes 0.0915 0.0915 0.0915 100.00% 100.00 %

Majalengka No No 0.0639 0.0639 0.0639 100.00% 100.00 %

Kuningan No No 0.0572 0.0572 0.0572 100.00% 100.00 %

Sukabumi No Yes 0.1310 - - 0.00% 0.00 %

Sukabumi City No No 0.0174 - - 0.00% 0.00 %

Bogor City Yes Yes 0.0584 0.0584 0.0584 100.00% 100.00 %

Depok City Yes No 0.1241 0.1233 0.1233 99.41% 99.41 %

Bekasi Yes Yes 0.1933 0.1933 0.1933 100.00% 100.00 %

Bekasi City Yes Yes 0.1561 0.1561 0.1561 100.00% 100.00 %

Bogor Yes No 0.3110 0.3110 0.3110 100.00% 100.00 %

Cianjur No Yes 0.1204 0.1204 0.1204 100.00% 100.00 %

Bandung Yes No 0.1979 0.1979 0.1979 100.00% 100.00 %

Bandung City Yes No 0.1333 0.1333 0.1333 100.00% 100.00 %

Cimahi City No Yes 0.0324 0.0324 0.0324 100.00% 100.00 %

Sumedang No No 0.0612 0.0612 0.0612 100.00% 100.00 %

Bandung Barat No No 0.0897 0.0897 0.0897 100.00% 100.00 %

Subang No No 0.0841 0.0841 0.0841 100.00% 100.00 %

Purwakarta No Yes 0.0508 0.0508 0.0508 100.00% 100.00 %

Karawang No Yes 0.1244 0.1244 0.1244 100.00% 100.00 %

Banjar City No No 0.0097 0.0097 0.0097 100.00% 100.00 %

Pangandaran No Yes 0.0211 0.0211 0.0211 100.00% 100.00 %

Figure 9. Food supply network from production zone to RFH for case 1 in Scenario 3.
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for the entire region, and also has implications for reducing carbon
emissions (Galanakis, 2020; Hobbs, 2020; Sharpe et al., 2020).

The determination of the scenario takes into account aspects of the
food system, sustainability, and health regulations (Hobbs, 2020; Sharpe
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et al., 2020; Djalante et al., 2020; Brand et al., 2019; Mittal et al., 2018;
Brinkley, 2018; Ge et al., 2018; Levkoe et al., 2018; Dasaklis et al., 2012).
The food system should be developed with consideration of food security
and food safety (Galanakis, 2020; Rizou et al., 2020). In scenario 3, RFH



Figure 10. Food supply network from RFH to consumer for case 1 in scenario 3.

Table 19. Comparison of the three scenarios.

Scenarios Total Logistics Cost
(Rp/kg)

Fulfillment Ratio (%fulfilled) Total RFH

Rice Chicken Egg Vegetable Built

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

Scenario 1 5,211.97 5,212.89 82.33% 90.75% 100% 100% 71.88% 77.74% 11 17

Scenario 2 5,211.35 5,214.36 100% 100% 100% 100% 92.29% 77.74% 11 16

Scenario 3 5,208.38 5,208.38 100% 100% 100% 100% 92.29% 92.29% 6 6
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is designed to benefit all levels of society from the availability of suffi-
cient food. Upstream actors can minimize overproduction to increase
production efficiency and value addition (Kharisma and Perdana, 2019;
Barba et al., 2015). Downstream actors are becoming interested in local
foods, including perceptions about sustainability, hygiene, and health
benefits (Hobbs, 2020; Galanakis, 2020; Rizou et al., 2020).

Food security during the pandemic must be ensured. Maintaining
hygiene during production and logistics, as well as the hygiene of food
and workers are important considerations while ensuring food security to
the whole community during a pandemic (WHO, 2020; Rizou et al.,
2020; Galanakis, 2018). Therefore, RFHs could be used as a resilient food
network to ensure the availability and safety of food (B�en�e, 2020; Gal-
anakis, 2020; Rizou et al., 2020).

From the perspective of sustainability, food delivery can reduce
carbon emissions from efficient use of vehicle fuel, decreased food loss
during distribution and post-harvest, and reduction of food waste
during the selling process (Hakovirta and Denuwara, 2020; Nagarajan
et al., 2019; Galanakis et al., 2018). RFHs are designed based on the
locality of agricultural products and aim to improve the social and
economic condition of communities affected by the pandemic (Nicola
et al., 2020; Phillipson et al., 2020). Therefore, the development of
RFHs needs to be strengthened by the development of efficient and
interconnected food chain networks (Galanakis, 2020; Handayati
et al., 2015).

To reduce the spread of COVID-19 and support physical distancing,
digital food services could be adopted to optimize the RFH services. Such
services will have a longer-term effect on the food supply chain,
including the increase of e-commerce and customer preference on the
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local food supply network (Hobbs, 2020; Keesara et al., 2020). Digital
food services could also reduce food loss and waste, make a traceability
system possible, fulfill the nutrition requirements of the customer, as well
as provide a fast response to imminent economic crises in the era of the
COVID-19 pandemic (Sarfarazi et al., 2020). Functional local food can
fortify health and improve the consumer's immunity system (Galanakis,
2020).

The conception of the model also considers the policies that apply
both in West Java Province and the central government (Manganelli
et al., 2020). An alternative model of RFH development in West Java
Province can be a reference for the government to build a food supply
network that emphasizes aspects of food safety and health based on the
specific conditions in West Java Province.

5. Conclusion and future research

The best scenario is scenario 3, as it illustrates ideal conditions during
typical situations. This scenario is chosen because none of the RFHs have
territorial boundaries (red and green zones) during the procurement. The
food supply network's delivery should conform to health and safety
protocols to minimize the spread of disease. The number of RFH that
should build is fixed, that is, six RFHs, and so the investment cost of RFH
development is lower than in scenarios 1 and 2. The RFHs and food
supply network are in a strategic location, food is supplied from the
nearest RFH region, and RFH serves the closest coverage area. This sce-
nario has an impact on the efficiency of distance and the use of diesel
fuel, which leads to an increase in farmers' income and customers' access
to local food.
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A possible topic for future research is minimizing the spread of dis-
ease by developing digital services. Digital food services could be an
alternative technology to decrease human interaction, reduce the time
spent in product purchase, decrease carbon emissions, reduce food loss
and waste, and maximize warehouse capacity. Some food processing
technologies to process food waste from the supply chain could also be
considered. Digitalization is useful in obtaining bioactive ingredients to
strengthen the consumer's immune system and minimize food waste for a
more sustainable food supply chain. The model scenario presented here
could be used as a reference for the Provincial Government to build RFH
during the COVID-19 pandemic and as a recommended strategy to
develop food security in the new era.
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