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ABSTRACT OF THE THESIS

RISK ANALYSIS AND MANAGEMENT OF
NEW JERSEY FOOD SUPPLY CHAIN

By BINHE

ThesisDirector.

Weihong Guo

New Jerseys known as th&ardenStatefor its dynamic, thriving food production industry

that runs the gamut from vegetable growing to sophisticated manufacturing operations.
Today New Jersehasa thriving $126 billion food industry and agriculture sector that
grows every day.With sucha vast and complex systeithe food supply chain in New
Jerseyis vulnerablebecause single disruption to one element could spread out and bring
huge impact to the entire systeguch a ripple effect may hagetremendous impact on
not only the stateds economy and job mar ke
and resiliencyFood supply chain riskmayoccurnaturally, intentionally, or accidentally.

No matter how aisk originatesit may propagat along theconneted members anithen
impactthe entirenetwork Hence, it iscritical to identify the risksn the New Jersey food
supply chainand analyze their impacts. Understanding how risks propagate through the
network will provide us with importdninsights into vulnerability assessment for the
critical assets inhe New Jersey food supply chain. Risks can then be better controlled,

mitigated, and prepared for.



This thesisfirst introduces the current statustbé New Jersey food supply chain
andthenreviews he existing studies on supply chain risk modeling and propagation. To
identify the critical assets ithe New Jersey food supply chaamd their relationshiphe
important nodes, links, risks, afalure probabilitiesareanalyzed The New Jersey food
supply chain is then configured with 28®des A new model for risk propagation is
developed based on the traditional virus propagation modetproposed model is then
implemented in simulatiofor the New Jerseyfood supply chaimetwak. Simulation
results demonstrate how risks propagate through the network and whiclaesgetanost
critical onesin the New Jerseyfood supply chain. Future efforts will be devoted to more

simulation analysis and improving the risk propagation model.
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CHAPTER 1

I ntroducti on

New Jersey(NJ) is known as thé&sardenStatefor its dynamic, thriving food production

industry that runs the gamut from vegetable growing to sophisticated manufacturing

operatonsHome t o some of the worl dobés | eading f ¢

rich history in the food industrtrategically Icated in the heart of the Northeast corridor,

New Jersey provides easy access to one of the most affluent consumer markets in the world.

A distribution center in central New Jersey can serve more than 22 million consumers who

collectively have nearly $8ddlllion in disposable income and live within a tlour drive.

The Port of New York and New Jersey, thed busiest port in North America and the

largest on the East Coast, makesasy to import and export food produdscording to

theUnited State€e ns us Bur e a uNew Jesdjslh@mertoarore than 0,000

food manufacturing companies, R&D facilities, distribution centers, retailers, andifarms

employing more than 440,000 peopld. Today New Jersefiasa thriving $126 billion

food industy and agriculture sector that gve every day With sucha vast and complex

system the food supply chain in New Jersey has a tremendous impact on not only the

stateds economy and job market, but al so t
However,the New Jerseyood supply chain isulnerablebecause the network is

sovastandcomplexthata single disruption to one player would spread outraakiehuge

impactonthe entirenetwork Such a ripple effe¢2] may also threatethes t at e s ec ono

and politics.A disruption tofood supply chairmay be caused by internal risks, external

risks, or natural disasters.



No matter howisksoriginate they would propagate along te®nneted members
andthen impactthe entire network For example whensome serious machine failures
occurin a food processing plant, the manufacturer may not be able to meet its planned
throughputDue to theshortagdn finished goods, the manufactureay not get enough
payment from retailers tbuy rawmaterials from suppliers. So, it would bring financial
risks to the vendors, who have no money to support their business and may go into
bankruptcyIn this way, a single risk would expand explosively to the whole network and
may eventually go beyond coolr For example, due to a severe flood, the output of
agricultural products may be severely reduced and the food supply may nothmeet
demand. This is a direct impact. Meanwhile, due to shortage in supplies and possible
damages to major transportationpfl procesag may not be able to continue. As the
manufacturer could not get payments from retailers, financial risks and management risks
would emerge and might result in labor strike or other societal issues. mtgsetirisks
could spread out to thentire supply chain network and even destroy the industry.

Hence, it iscritical to identify the risksin the New Jersey food supply chaamd
analyze their impacts. It is also of great importance to assess the vulnerability of the critical
assets in New Jersey food supply chain, so that risk mitigation and prepateitegies
can be bettedeveloped
1.1  Background
A food supply chain refert® the processes that describe how food from a farmwgnds
ourtableq3]. The processes include production, processing, distribution, consumption and
disposal. The food reaches us via food supply chains through which food moves

systematically from producers to consumers while the money consumers fag/féad



goes topeople who work at various stages along the food supply chain in the reverse
direction.Everystep of the supply chain requires human and/or natural resoArtessd
supply chain network i complex structured map that describes the food flow and
associated members from farms to the end customers. Figure 1.1 is an illustration of a food
supply chain network. The four essential componehest are responsible for moving the
goods from the beginning to the consumeriarms, marketers, food processors, and
wholesalers/ distributors are shown in blue. First, raw materials such as crops are
cultivated and harvestetly farms and then moved to marketers, waiting for further
processing at food manufacturer plants. After food processing, finished goods are shipped
to distribution centerg/ho will distribute the goods to final destinationstailers whawill
arrange further sales &ical supermarkets;aterers who will turn food into dishes at
restaurants, antbnsumers who will buy them directly. In New Jersmports and exports
are also involved in the netwgr&incethe Port of New York and New 3ayis the largest
porton the East Coast, mak it easy to import and export food products.

New Jerse§ s st r at e g strongttamspodation mfrastractugrovidean
easy access to one of the most affluent consumer markets in the Menice the food
items produced New Jersey not only need to meet kbeal demands, but alsoeedto
serveother states. Meanwhile, thgeods impordfrom otherplacesare also distributed to

in-state consumers.
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Figurel.1 lllustration of food supply chain network][

The performance of a supply chain network is usually measured by metrics such as
the rate of ortime delivery, cosprofit ratio, qualification rate, and demasdpply ratio
which are affected byhe occurrenceof risks Moreover, sincdood is a necessity in
everyone's lifekeepng the food supply chairunningsteadilywithout major disruptioms
the target for decision makei&herefore, wittsupply chain disruption caséke Hurricane
Sandy thatffected thePortof New York and New Jersey in 2013 and delayed aflot
shipments for mon8{5], decision makerkave realized the criticality ddod supply chain
risk management.

Food supply chairs unique comparing tthe supply chains iather industries. The
food supply chain not only suffers fraaommorrisksin all supply chains such fisancial
risk andnatural risks, but alsneeds to handle risks unigue to the food industigh as
food safetyand fooddeteriordion. All activities related to food production and handling
including cultivation, food processing or even transportati@y be vulnerableFood
supply chain risks onepotentially negative influencef one or more&eomponents, which

may spread outwara the entire networkFood riskswould have serious impacts on the



health and safetyf@onsumersTherefore, it is important tanalyzethe risksin New Jersey
food supplychain anddevelop strategies fareventor mitigate the risk.

Based on thesk occurrence mechanisthere are three typesfood supply chain
risks: naturaldisastersaccidental risksand intentional risk§]. Naturaldisastersare the
risks caused by earthquake, flood, tsunami, smoae flow, volcanic eruptios) etc. that
make thecomponentsn the network not worikig properly. Natural disastewould cause
irreversible destruction to athembersn short termFor exampleheavy snown winter
tends tolast long and may seriouséffect agriculture.Since thefarm crop yields would
dramatically decreasehe manufacturewould reduce its production tputs and then
affectthe entire supply chaifccidental risksare the risks that happen by accident. The
main accidental risks are quality riskaused by the high defect rate of products
management risks caused by defective organization structure, technology risks caused by
deficiency ofadvancednanufacturing tdmique or equipmenand capitatisksthat result
from shortage of funds or overdue payments. This kind of risk cannot be avoided but can
be mitigatechfterthey occur. It is also desirable to correctly identify these accidental risks
so that preparatioplanscanbe made in advancétentional risksare therisksthat are
caused and planned intentionally by human beings. They are rasbycietl risks (such
as labor strike, riot, terrorist attackggalrisks (such as the influences of law amendipent
and more recentlycybersecurityrisks These risks will result great financial loss and
negative social impact. But they can be prepared for, controlled, andewenided by
taking preventive actions. For exampig,the Port Authorityhad reinforcal better
communication withlthe port workers in NJo satisfy their needshelabor strikein 2016

might nothavehappeed



In sum,the New Jersey food supply chain is vulnerable due to its complexity and
the existence ofariousrisks. It is een more dangerous when multiple units are affected
by risks at the same time or when risks propagate throughout the network.

1.2  Problem Description

The Department of Homeland Security (DHS) has defined 16 critical infrastruébures

the nation to strengtheand maintain thir secuity, functionality and resiliegy [7].
However, DHS did not define the specific critical asgetsach state. In alignment with

the DHS, New Jersey Office of Homeland Security and Preparedness is intémested
identifying the criical assets within New Jersey so that they could prepare, plan, allocate
resources to ensure the functioning of NJ supply chains. Since the food industry plays an
important role in New Jersey, NJ Office of Homeland Security and Preparednessgsioriti
thefood supply chain network as the first system to be investigétedre motivated to
develop a systematic approach for risk analysis and management for New Jersey food
supply chain network. Our work is timely to provide NJ Homeland Securityimgtghts

into the risks in NJ food supply chain.

In order to identify the critical assets of the food supply chain network, we first
need to establish the supply chain configuration. Such a configuration consists of the
major players in the foomhdustryand their relationshiprepresented as nodes and links,
respectivelyalong with risks and failurprobabilities. Since the food supply chain is vast
and complex, no existing configuration on NJ food supply chain network can be found in
literature

To ensure that all assets in the food supply chain function smoothly and that the

network is robust to disruption, we need to know what the potential risks are and understand



how they impact the assets. Ideally, all assets within the network shaolddmel health
condition. Any underlying possibility that would deteriorate the assets or the network must
be identified and eliminated in time. An effective method for identifying the risks and
vulnerable assets is in need.

Furthemore we also need tornglerstand how different assets in NJ food supply
chain interact with each other. All nodes in the network are directly or indirectly connected.
Thus, risks always propagate along the linkage relationship and create a ripple effect.
Understanding the relatiship between assetsd how risks propagate through the
network will provide us with important insights into the vulnerability of critical assets.

After understanding the risks and their propagation mechanism, simulation can be
developed to mimic how thBlJ food supply chain performs under various risks. By
analyzing the simulation results from different scenarios, we aim to develop risk mitigation
plans and preparation strategies.

1.3  ThesisOutline

Thisthesisis organized as follows. Chapter 2 reviewsdhisting studies on supply chain
risk modeling andisk propagationChapter duildsaNJ food supply chain configuration
by defining the important nodes, links, risks, and faifin@babilities. Chapter 4oroposes

a model for risk propagation for New Jersey food supply cbased on the traditional
virus propagation model$he proposed ntleod is implementeth simulationandChapter

5 showsthe simulatiorresultsthatdemonstrate how risks propagate through the network
and which assetwe the most vulnerable onagheNJfood supplychain.Finally, Chapter

6 concludes ththesis and olihesfuture efforts.



CHAPTRER

Literature Review

There isa vast body of literaturen supply chairrisk identification and assessmemhe

literature on the following two topics are reviewed in this chagigrsupply chain risk
modelingby integrating thesupply chain elements andisk factors into the networland

(2) risk propagatioomodelingto assess the influence of risk dissemination.

2.1  Supply Chain Risk Modeling

Supply chain riskmodelinghas beerstudiedbased oriwo main aspecty1) the element
structureof the supply chairand(2) risk factors.

For the supply chain elemesitructure many studiegim to construct the supply
chain based on thelesof components in the netwark typical supply chairconsists of
five major elementssupplier, manufacturer, distributor, retajland customds8]. Figure
2.1 shows all the elements in the supply chEireseelemensin the network connect with
eachotherand may impact each oth&or exampleyVrijhoef and Koskela9] studied the
roles of supply chain management in constructi@mu andKreme [10] studied supply

chain network modslby focusng more on specific induses andinvestigatd the fve



layerssupply chain stictureto find outthe critical layerdor thebicycleindustry.

=

Supplier Manufacturer Distributor Retailer Customer
Supplier Manufacturer Distributor Retailer Customer
Supplier Manufacturer Distributor Retailer Customer

s —

Figure2.1 Supplychainelementq8]

Moreover,someresearchrsdevelopedjuantitativemethodso construct the risks
in supply chainsThaheemMarco and Hurtado[11] reviewed thequantitative analysis
techniques for construction project riskanagementOuabouchand Amri [12] built a
Supply Chain Risk Factors (SCRRgatrix based orthe data collected from a sample of
Moroccan Pharmaceutical Industgndidentified the critical risk factors which should
retain main attention ithatindustry. Figure 22(a) shows theprobability of and impact
values of each supply chain risk factor ingrimaceutical industryThe most critical risks
are the ones on the top right of the mairixFigure 22 (b), which have the highest

probability andhe greatest impact.
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Code Risk Factor Probabhility | Impact

UpRI Supplier failure 3,06 394
£| UpR2 | Supplier quality problems 247 438
,:z UpR3 Inareasmg in RM prices 3.00 3.13
E-J— UpR4 | Unpredidtable Trade barrier 235 353

UpR5 | Upd. transportation failure 2,12 353
=| IRl Machine breakdown 2,06 3.00
E IR2 Outage of IT System 2,06 312
= IR3 Accident 2,06 3.00
s DwR1 | Unexp. damand fluct uat ions 241 393
g DwR2 Inventory shortage™’ 2,81 406
g DwR3 | Delivery cham disruptions 2,18 3,60
= DwR4 | Decline in market prices™’ 1,94 341

Ve
G: nrvye | UpR2
-
DwR2
DwR1 . | UpR1
. >

UpRs DwR3 4+ UpR3
DwR4 | ¥ UpR4
| 1R2
|- IRs

IR1

Impact

Weak

Low

Probability

Very High

Figure 2.2 (a) SCRFs probability and impact valués) Supply chain risk matrix for

pharmaceuticailndustry[12]

WagnerandNesha{ 13] developed a Supply Chain Vulnerability Index (SCVI) to

measure the vulnerability glipply chain In order to calculate the indetheyproposeca

4-step algorithm whiclconsis$ of finding graph nodedj ndi ng

graphos

we i

directed edgesialculating adjacency matrix permanesmdcomparing different SCViIs.

In their model, he adjacency matrix of a simple graph is a matrix with rows and columns

labeled by graph vertices, with a 1 or 0 in posi{leriO) according to whethé® andO

are adjacent or noEigures 2.3 (a) and (b)llustrate the weighted directed graphd its

adjacency matrix. The threedes and edgegpresent theulnerability drivers and the

interdependencies between thenespectivelyWhen the risks happen, they can transfer

from one node to the others along the edges if they are conn8atgdelationship can

also be presented in therresponding adjacency matrix.
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p— —

D10 1 1

D2 |0 0 1

Figure2.3 (a) Supplychainweighteddirectedgraphfor risk factors(b) Supplychainrisk
factormatrix [13]

Singh andAcharya[14] develogd an influence matrix to investigate the supply
chain flexibility by usinganexpert evaluation method farfastmoving consumergoods
company They designed questiorsnd asked the experts to evaluate the mutual
relationship using a scale from 0 to 4 (O for no influence and 4 for very high influence)
After collecing the answers from various firmghey createdan initial directrelation
matrix (Table 2.1)which represergthe influencescorebetween any othe two elements
in the supply chain.

Table2.1 Direct influence matrix [14]

Supply chain fexibilities Manufacturing Sourcing Coordination Information Logistics Access Market Expansion Distribution Demand Transshipment New product SUM

system management development
Manufacturing 0.00 3.25 3.35 2.85 2.8 1.20 245 3.00 1.40 3.02 1.15 1.2 2285
Sourcing 1.9 0.00 3.15 3.70 3.30 1.20 345 1.00 1.30 1.30 1.50 1.2 23
Coordination 3.50 3.00 0.00 3.60 3.45 27 32 1.5 28 1.1 315 25 305
Information System 275 312 3.85 0.00 3.45 2.65 32 175 3.00 3.20 235 2.85 32.17
Logistics 2.00 2.40 1.6 1.00 0.00 290 380 265 3.70 345 325 0.50 21.75
Access 0.70 2.50 2.90 1.7 2.70 000 36 3.15 2.85 2.60 0.60 0.80 24.1
Market 295 315 34 1.50 3.45 12 0.00 285 38 295 325 1.00 295
Expansion 3.00 3.65 34 2.45 28 275 29 0.00 2.7 3.15 1.6 3.00 314
Distribution 1.1 0.80 1.2 2.6 3.15 0.6 35 2.85 0.00 3.15 28 1.3 23.05
Demand Management 35 32 23 34 2.65 270 295 2.15 315 0.00 345 3.6 33.05
Transshipment 0.25 0.30 26 3.1 34 .15 36 1.7 1.15 235 0.00 0.25 19.85
New Product Development  1.15 12 235 275 0.35 0.75 115 295 175 3.1 0.65 0.00 18.15
SUM 228 26.57 30.1 28.65 3L5 198 338 22.7 27.6 29.55 26.9 18.2

2.2  Supply Chain Risk Propagation
| n t oday amsl codneatednwvitortment, a decision taken by one firm in a supply

chain network has direend indirect effect®n othercompaniesThe effect from a risk
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source can be followed outwards incrementally, affedtiegothemodesin the network
This is known as the mpe effect. Sincéhe nodein a supply chain network has direct or
indirect connection with each other, it is generally believed thas dak spread out
throughout the entineetwork after a certaiperiodandaffectthe performance of thentire
network

The most widely used method risk propagations Bayesian network modeling.
Bayesian network theory is used to analyze radtielon network faced with simultaneous
disruptionsChen, Xi, and Jind 15] built aSupply ChainReliability andResilienc SCRR
modelbased on a small chain of simple buyer supplier relationsiniggdemonstrate the
modeling feasibility based on Bayesian Netwdbihaet al.[16] modeled supply chain
risks propagation as a cascading effect in theres network. Figure 2. shows the
dependency of several risks for tagpliers in a supply chain network. Similar networks
of the risk factors for manufacturers, distributors, and retailers were also providéd
However, the Bayesian network thg@mphasizes more on the risks factors themselves,
as it describes how a risk flows and triggers other iiskbe network. Alsoit treatsrisk
propagation as a orngay cascading problem. In most cases, however, the participator
usually spreads the risks in multidirectiomadys to its neighbors. For example, a labor
strike of a manufacturemwould not only affectthe goods supply to the dowiream

distribution center and retailer, but alsing payment issugto the upstream suppliers.
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[ooms | [ s \

| Mode 6 | Mode 7 |

4

Figure2.4 Network of risk factors for suppliers6lL

\

Some existing studies focus on how members iméteork spread risks along the
links that connect these components, even if the components are in different stages. Figure
2.5 depicts a general supply chain network with multiple layesisle byVorstet al [17].
Each player in the network is represerdasda node in its layer. A connecletk between
two nodes indicatethatrisks can propagate along tiek to influence the performance of
the network.William and Stephen[18] consideed the network relationship between
enterprises and buidlynamic models in conformity with the propagation characteristics of
risks between firms. Theheyanalyzel the risk transmission path, influential factcasd
proposed risk control strategidsiom a system perspective,hat happens between two
companies does not solely depend on the two parties involved, but on what is going on in
a number of otherelationshipg19]. Therefore, the analysis of a supply chain network
should preferably be evaluated within the context of the complex food supply chain

network.
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Some reseahersdevelopedisk propagation modslby extending thpropagation
models from other fieldsyangand Zhand20] develogdan SIRrisk propagation model
for supply chain risk management based on the susceptibtd#edsusceptible (SIS)
model in biology. TheSIR risk propagatiormodel describes how the states of nodes in
supply chain change among suscept{§ infected(l) and recoveredR). It can reflect
the propagation of risks in supply chain network to a ceexiient, lut does not consider
all the states that the real supply chain may have. For example, it assumes the recovered
nodes will be immune to the risks forever, iouteal life, companies cannot resist the same
risks all the time. There are also studagsintroducing more indicators to analyze the
complex food supply chain. LDu, and Zhan21] used SIRModelto analyze the status
change for agriood supply chain based ¢8&0]. It wasassumd that when a nodwas
affected by risk, it wuld spread the risk to its neighboring node with probahility
Simulation experimentsvere conductedor three scenarios with & @& vThe
result is shown in Figure 2.6., where thegtical axigs the risk interferenceeahsitya 0 at

time t. All three curves in Figure @&.first sharply increase and then gradualbcrease
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These results indicate that although|thealue is different, their trends of risk spread are

the same. Figure @ also indicates that there atade stages in risk propagation: in the

initial stage therisk only affects its originating node and propagates slowly; in the middle

stage, the risk can no longer be contained in one node and starts to spread to neighboring

nodes and further nodes in thetwork; in the last stage, the network reaches dynamic

stability because of the immune mechanism. Therefore, risk propagation can be controlled

by improving the antinterference ability in the supply chain network. This model of risk

interference trendlemonstrates that all the risks could be covered at the end due to the

immune mechanism, although they outbreak very quickly at first.

0s -

04 /

03

1(1)

0.2

01

20 40 60 80
ttimestep

Figure2.6 Trend ofrisk interference density over time fagri-food supply chain network
[21]

2.3 Summary
In summary, herearea lot of literatureon modelingsupply chain risksHowever, there

are some limitations in the existing metholst of the current studie®dus more on

material supply and manufacturing procesasher tharspecific assets ithe food supply

chain. Moreoverthe widely used Bayesian network theory focuses more on risks rather

than how participators in supply chain are affected. Furtherrabneugh some authors
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takethe geographic distanes a factowhen dealing with supply chain cgsbblens[22],
they seldomquantify such a factar Finally, in most literature thetransportation
componentsare regarded as linkén order to evaluate how risks affect transportation

infrastructurethesecomponents should meodeledas nodes instead of links.
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CHAPTER 3

Conf i gwodateiloofe v J eFfrosoedy Supply Chain Net

In this section, webuild a configuration ofNew Jersey food supply chain netwdik
identifying its components and link§henwe define the risks and failuprobability for

risk analysis and manageme®ection 3.1 introduces thieve types of components
suppliers, transportatignmanufacturers, distribution centeasd retailers.To connect
components into aetwork the links conneatg each pair of componenisthey have
business relationshigre defined in Section 3.Zhe main isks andfailure probabiliies

are described in Section 3Bhe network and risks are then integrated to construct the
configuration of NJ food supply chain.

3.1 Identification of Key Componentsin NJ Food Supply Chain Network

There are five types dfey components in New Jersey food slypphain suppliers,
transportation, manufacturers, distribution cen{®€s) and retailersWe choose 293
components to constitutdJ food supply chaimetwork including 60 suppliers, 148
transportatias, 45 manufacturers, 17 BCand 23 retailers.

Suppliers: Food suppliers are the organizations including farms or fisheries that provide
edible raw materials to manufacturers or end custorRergood supply chain, the vendors
who offer meatcrops and sea foate the soursand starsof the whole chainn New
Jerseythere are nearly 1800 farmsand hundreds of large fishery suppliésa huge
number that could not be identified easilpstead,we divide them into six groups
according to their regions and select sevberglfarmsas representativess shown in

Figure 3.1, the six regiorere Delaware River region, Gateway region, Greater Atlantic
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City region, Shore region, Skylands region and Southern Shore réfpshof the farms

are concentrated in Delaware Rivegios, Shoreegion and Skyland region.

Alstede Farms
Delaware Rive Region Gateway Region Greater Atlantic City Region AiCasols Farms Bobolink Dain & Bakeh T B T
: ) (oot
{_ Aflantic Farms
(Cherry Grove Farm ) { VonThun's Country Farm & Market ) (" DiMeo Farms & Blueberry Plants Nursery ) (Faminramen) N Shore R
Southern Shore Region
EEEREEE
— (DePiero’s Fam Sland & Greenhouses ) B&B Farms ) (‘Orchara View Lavendar Famm
(Fopee Gareers)
BaluckFams
Elschhams Sunset View Farm &
(" Stormwind Alpacas Delicious Orchards ) | Sunset Vista Community Garden
Farmstead Estate )
Coomos Bamyere
DeWolfs U-PickFam ) yagner Farm Arboretum
Giamarese Farm & Orchards
5 ZulliEiE Eastmont Orchards )
{_ Buzing Acres Farm
Haines Berry Farm Emery's Berry Farm T T
Fulper Family Farmstead
{ Hallock's U-Pick Farm & Greenhouse )
{ Jersey Fresh Vegetables and Fruits ) C - D)
Historic Longstreet Farm Grochowicz Farms
{PleasantValley Lavender ) (HacklebameyFarm )
Johnson's Comer Farm
Wemrock Orchards ) Hensler Farms )
Lee Turkey FarmLee Turkey Farm - Hidden Spring Lavender Farm
Shore Regior Ideal Farm & Garden
Oasis Family Farm Longmeadow Farm
Mackey's Orchard
Paws Discovery Farm
Pine Barrens Native Fruits e Rl
Phillips Farms
Springdale Farms
{ Riamede Farm )
Summit City Farms & Winery Schaefer Farms
Valley Shepherd Creamery
Terhune Orchards Vineyard & Winery ) Skylands Region

Figure3.1 NJ supply chainnetwork’i suppliers

Transportation (Roads,Railway, Bridge, Port, Airport)in order to find out the critical
assets in NJ Food supply chaime considertransportationas nodes instead of links.
Transportation ismportant, ast connectsall othercomponentsn the network.In New
Jerseysupply dain the major transport modeseain-state andnterstate roads, bridges
and tunnelports andairports They are funded and maintained by the governnteke¢p
their normal functionsAmong themyoads and railwayare more criticathan the others
as a&cording tothe report of New Jersalepartmenof transportationon a tonnage basis,
about 84% of foods movedby roadand11% food is movedvia railway in New Jersey
[23]. Figure 3.2hows the transp@tionnodesn this study There ard 1 interstates roads,

44 inner state roads, 11 US roads, 50 bridggsailways 20 portsand 12 airports in NJ.



Figure3.2 NJ supply chainnetworki transporation
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