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Food sharing and distribution organization systems provide critical resources for local communities and food-
insecure households. In this article, we investigate a newly collected data set of the Thrive Network in
southwestern Virginia, which links forty food security organizations through fifty-one connections, using a
theoretical framework of organization science within geographic space. We first test whether more central
and higher degree organizations are toward the geographic center of the network, near convenient points of
interest. We then measure whether organizations are likely to form connections based on nearness and
logistical effectiveness of moving goods, and where this occurs. Finally, we find “missed connections,”
defined as sets of organizations that are nearby but highly disconnected in the network. We find that
important nodes are not necessarily in the center of the network, but are located on the periphery, and that
relatively few organizations are connected to their nearby neighbors. We find that important nodes are not
necessarily in the center of the network, but are located on the periphery, and that relatively few
organizations are connected to their nearby neighbors. As such, this system could be predicated on bottom-
up personal relationships rather than a hub-and-spoke supply chain configuration, and new ties might make
the system more effective. We use our findings to help the Thrive Network build a more resilient food-
sharing system and better serve vulnerable clients. Key Words: cooperation networks, food security, geographic
network analysis, spatial social networks, Thrive Network.

ood sharing and distribution systems provide

critical resources for local communities that are

food insecure; that is, lacking adequate food
due to limited funds or resources (Coleman-Jensen
et al. 2019). Food-sharing networks rely on the
transfer of physical goods such as canned foods, cere-
als, and produce, thus engaging geographic concepts
of both relationships and logistics. These systems
can best serve communities when they are con-
nected to the right partners for service delivery,
transfer of goods, and client referrals. Yet it is diffi-
cult to capture whether networks are built for effi-
ciency, or whether they are predicated on social
relationships and interpersonal ties that might not
consider efficiency.

Here, we analyze the spatial and organizational
dynamics of the Thrive Network, which is in the
New River Valley Region in southwestern Virginia,
USA (2019 estimated population of 200,000). The
Thrive Network was created in 2016 by local

community groups to connect organizations that can
distribute food (both perishable and nonperishable
items) to clients experiencing food insecurity. Its
goals are to increase opportunities for community
outreach, education, and technical assistance; imple-
ment a food hub; secure and transport food dona-
tions; and share knowledge on food habits (Edwards
2020; Community Foundation of the New River
Valley 2022). Participation in the network is volun-
tary and no single entity oversees relationships or
optimizes a supply chain (although the founding
organization helps facilitate ties). However, ties are
based on a fuzzy mixture of ad hoc social and inter-
personal relationships and strategies to connect to
nearby organizations to facilitate easy, convenient
transfer of food.

The New River Valley Region area contains
towns Christiansburg, Floyd, Pearisburg, and
Blacksburg, Virginia, which is home to many stu-
dents enrolled at Virginia Tech, a large university.
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Nearby Roanoke serves as an anchor city. The com-
munity is located in mountainous Appalachia, with
nearly one in five families experiencing food insecu-
rity. Due to the mountainous landscape, members
say that geography hampers collaboration, citing
that geographic distance is a major “external barrier
to collaboration” (Edwards 2020).

Our research goal is to quantitatively capture the
principles driving the Thrive Network, which
includes forty food-sharing organizations and fifty-
one connections between organizations. Our second-
ary goal is to suggest new connections between
nearby organizations. Accordingly, we pose hypothe-
ses about this network, based on prior knowledge
about food-sharing systems and social networks:

H1. Power, situation, and accessibility

H1.1. Better connected organizations (with
higher degree and network centrality) will be in
areas that are near other points of interest
(POIs), to facilitate trip chaining, whereas
organizations with fewer ties will be in more
remote areas.

H1.2. Organizations near the geographic center of
the network will play a more central role in the
network.

H2. Physical distance. To minimize the cost of trans-
ferring goods between organizations and given the
likelihood of relationships between organizations in
the same small town, we posit that organizations are
likely to share food with their nearest organizations.

H3. Local disconnection. We also hypothesize that
some nearby neighbors are separated by many hops
in the network, despite their proximity, and suggest
new ties between these nodes.

To test these hypotheses and make new recom-
mendations, we embed this spatial social network
(SSN) within a geographic information systems
(GIS) environment and calculate new metrics to
capture proximal relationships and find areas with
tight-knit communities. Following, we assess why
near or far connections might have occurred and
make suggestions for future ties using local
knowledge.

This interdisciplinary research is conducted using
a research framework of spatial interaction and SSN
analysis. It designs new methods of SSN analysis

within GlScience, as it requires the fusion of a social
network with underlying geographic space and
infrastructure.

The main contributions of this article are new SSN
metrics that help explain whether network power corre-
lates with location, whether nodes value local or distant
connections, and which types of places have tight-knit
or loosely connected ties. We also put forth a new met-
ric of “missed connections,” adapted from the theory of
intervening opportunities (Stouffer 1940), to help
organizations create strategic new connections to pro-
vide faster food transfer and better service to customers.
The more extended outcome is a resilient safety net of
food sharing in a region with pronounced rates of food
insecurity. Our results can inform real-world policy on
the network creation process of local organizations,
leading to more sustainable communities.

The article proceeds as follows. We first describe
literature on food insecurity, purpose-driven net-
works, and SSNs. We next outline data collection
and analysis methods. Following, we present our
results and discuss our findings.

Literature Review
Food Insecurity in the United States

Food insecurity is defined as the lack of access to
adequate food due to limited funds or resources
(Coleman-Jensen et al. 2019). In the United States, in
2022, 10.2 percent, or one in nine Americans, experi-
enced food insecurity (U.S. Department of Agriculture
[USDA] 2022). Food insecurity in the United States

affects certain populations disproportionately, including:

e Households with children (12.5 percent) and single-
mother-led households (24.3 percent).

e Black (19.8 percent) and Hispanic households (15.6
percent).
Southern United States (11.4 percent).
Rural households (11.0 percent; USDA 2022).

For most U.S. households, food insecurity is a
recurring issue. For example, in 2018, three-quarters
of food insecure households experienced hunger in
at least three months (Coleman-Jensen et al. 2019).
Food insecurity is high and rising for college students
(Freudenberg, Goldrick-Rab, and Poppendieck 2019)
and can lead to decreased nutrient intake, which
correlates to many health threats (Rose and Oliveira
1997). Food-insecure women are 30 percent more
likely to be obese, which can lead to health issues
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such as heart disease and diabetes (Townsend et al.
2001). Food insecurity can be especially devastating
for children (Murphy et al. 1998; Olson 1999).
Moreover, Black and Hispanic households have
higher rates of food insecurity than White house-
holds (Schanzenbach and Pitts 2020).

Food insecurity especially affects rural households,
as 87 percent of counties with the highest levels of
food insecurity are rural (USDA 2022). Furthermore,
Black Americans in rural areas are 2.5 times more
likely to experience food insecurity than their White
counterparts. Rural areas, unlike their urban counter-
parts, face additional barriers to ending food insecurity
that include the cost of nutritious food (Piaskoski,
Reilly, and Gilliland 2020) and accessing food with-
out a vehicle (Piontak and Schulman 2014).

Purpose-Oriented Service-Delivery Networks and
Geography

A coalition of government, nonprofit, and for-
profit actors work to address food insecurity. These
organizations can work independently, but in some
cases (as we examine here), organizations coopera-
tively create formal networks to share information,
solve problems, build community capacity, or provide
services (Milward and Provan 2006). In public admin-
istration, food sharing networks are an example of
purpose-oriented networks, which can be defined as
“networks comprised of three or more autonomous
actors who participate in a joint effort based on a
common purpose” (Carboni et al. 2019, 210).

Purpose-oriented networks like food-sharing net-
works face challenges including limited resources (van
Gorp 2014), a lack of internal and external legitimacy
(Human and Provan 2000), a lack of organizational
engagement (Poocharoen and Ting 2015), and the
inability to collectively agree on goal setting and
implementation (Vangen, Hayes, and Cornforth
2015). Purpose-oriented networks that cooperate to
provide services to clients have an additional burden:
geography. In many networks, geographic distance lim-
its members’ ability to have informal encounters
(Knoke 2004) and direct communication and interac-
tion (Rallet and Torre 1999; Gilly and Torre 2000;
Knoben and Oerlemans 2006). These geographic chal-
lenges create a lack of trust between collaborators
(Noll, Beecham, and Richardson 2010) because of
delayed communication (Nguyen and Rose 2009) and
increased costs to facilitate collaboration (Katz 1994).

In the case of food-sharing networks, these challenges
are exacerbated by the need to meet in person to
transfer perishable food quickly.

Relatively little is known about the role of geography
in purpose-oriented, service delivery networks (Edwards
2020). Service-delivery networks are often geographi-
cally constrained both because of the types of services
they provide and the clients they serve. In addition,
political boundaries might also create complexities for
these networks, as funding for service delivery may be
tied to political jurisdiction (Edwards 2020).

Geographic Social Networks

Geographically embedded social networks, or SSNis,
are networks in which nodes have a distinct geographic
location and edges connect the nodes over geographic
space (Andris and O’Sullivan 2021). SSNs can describe
health and well-being, such as the proliferation of chol-
era and shigellosis within families and across space
(Emch et al. 2012) and teen substance abuse in
Philadelphia (Mennis and Mason 2011). SSN struc-
tures also help tie patterns of gang behavior and crimi-
nal associations to geographic space: Andris et al.
(2021) analyzed the family structure of U.S. mafia asso-
ciations as recorded by federal investigations in the
1960s, and Papachristos, Hureau, and Braga (2013) and
Radil, Flint, and Tita (2010) showed how street net-
works and highways affect gang-related crime in
Chicago and Los Angeles. At a larger scale, SSNs
describe conflict and terrorism on the African conti-
nent (Walther, Radil, and Russell 2021) or cooperation
between transportation policy organizations in Western
Europe (Sohn, Christopoulos, and Koskinen 2020).
Other studies examine cooperation and sharing in rural
areas such as how households trade and share firewood
and fuel in South Africa (Schramski and Huang 2016),
how job referrals connect villages in Uganda (Sarkar
et al. 2019), and seed-sharing and agricultural labor
among small Peruvian villages (Abizaid et al. 2018).

Data and Methods
Case Study

The Thrive Network is located in the
Blacksburg—Christiansburg—Radford Metropolitan
Statistical Area (Blacksburg, Virginia). The area’s
population is about 200,000 people, and 9 percent of
households are below the Census-distinguished
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poverty rate (New River Valley Regional
Commission 2019). The rate of food insecurity in
this area is 12.5 percent, ranging from 8.5 percent in
Floyd County to 19.6 percent in the City of Radford
(CENRV  2022). In 2011, The Livability
Consortium, a “coalition of local governments, non-
profits, educational institutions and community
organizations interested in having a regional conver-
sation about the future” was awarded a Federal
Partnership for Sustainable Communities grant to
conduct a three-year study called “Livability in the
New River Valley” (New River Valley Livability
Initiative 2014, 4). The study identified eighteen
overarching goals for the region, one of which was
to address regional food insecurity. In response, the
Community Foundation of the New River Valley
(CENRYV n.d.) created the Fund for the NRV, which
has collected nearly $700,000 in funding since 2014.

With this funding, the CFNRV formalized a net-
work of approximately 100 local public, private, and
nonprofit organizations that provided support, services,
and food directly to clients in need (Thrive 2018,
“Supporting Nutrition and Health,” para. 1). This
network was intended to eliminate redundancy in
services, help organizations share best practices, and
identify where resources could be directed to create
the greatest good (Figure 1). Thrive’s first meetings
were community conversations across the New River
Valley that sought buy-in from the community for the
creation of a Food Access Network Survey, the result
of which we analyze in this research.

Data Collection

Data were collected from December 2017 to April
2018 via an organizational survey and interviews
with select respondents (see Appendixes A and B in

the Supplemental Material). Organizations were
selected to participate in this network by the
CENRV and Thrive leadership. The survey was
distributed via e-mail, follow-up phone calls, and in-
person survey sessions. Of 112 organizations con-
tacted, ninety-four answered the survey. Data on five
types of relationships between the ninety-four organ-
izations were collected, including information shar-
ing, shared resources, program coordination, client
referrals, and food sharing. Each organization was
asked to list the organizations they were “involved
with for the provision or support of services, pro-
grams or activities related to food access over the
past 12 months” (Appendix A). The networks were
produced by linking each organization’s name with
the names of the organizations that they listed in
the survey to produce a network edge list.

Here, we use a subset of the network that specifi-
cally is involved with food sharing. The network is
unweighted and undirected and includes forty nodes
and fifty-one edges. The nodes range from a degree
of 1 to 16 (M=2.5), and the network density is
0.0653. The average path length is 3.0, and the net-
work’s clustering coefficient is 0.31. Two nodes are
disconnected from the main component (but are
connected to each other).

Geographic Data

We geolocated organizations (nodes) by address
using the Google Maps application programming
interface, to produce a spatial network at the coordi-
nate (latitude, longitude) level. Maps were created
by drawing edges between the organizations’ points,
if the two organizations were linked. To represent
amenities and measure

travel time, we used

Figure 1. New River Valley Thrive participants stocking the food pantry at an organization (left) and a member delivering a food

donation to an organization (right). Photos by Jessica Wirgeau.
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OpenStreetMap POI data and road data from
Virginia Road Centerlines (The Virginia Geographic
Information Network 2022). The bounding box used
for POI retrieval was determined as the bounding
box of the nodes, with a 500-m buffer around the
box. We removed POlIs that are not common desti-
nations, such as graveyards, benches, and trash cans.

Analysis Methods

Power, Situation, and Accessibility. To mea-
sure the association between power and accessibility,
we calculated degree, betweenness centrality, close-
ness centrality, eigenvector centrality, and eccentric-
ity for each node (see Hanneman and Riddle 2011).
We calculated global geographic centrality as the
mean and median geographic center of the nodes.
We then measured the road network distance
between each organization to the mean and median
centrality points. We define geographic local cen-
trality as the total number of POIls within a one-
mile road network distance to each organization
(Yang and Diez-Roux 2012). We correlated the net-
work “power” metrics and geographic centrality met-
rics using the Pearson correlation coefficient to
ascertain whether important players are “in the thick
of things.”

Local Disconnection. To find whether organiza-
tions connect to their nearest organizations we com-
puted two new descriptive metrics. In the following,
k is equal to the node’s degree and d is equal to the
distance between nodes on the road network.

e K-Afulfillment. In network logistics, a fulfillment metric
indicates the extent to which a node’s capacity for
supply has been met (Li et al. 2019). In our model,
this metric is defined as the number of a node’s k-
nearest neighbors that it is connected to. Nodes that
are exclusively connected to their nearest neighbors
will have a k-fulfillment value of 1.

e Local network flattening ratio. This metric (adapted
from Sarkar et al. 2019) is defined as the ratio of a
node’s minimized distance (d,) needed to connect to
any k nearest neighbors to the total actual distance
(due) of its connections. Nodes with low values prior-
itize distant connections.

Missed Connections. To suggest potential new
relationships to make this network more complete,
we computed a metric called missed connections. This
metric detects pairs of nodes that are geographically
close but are separated by many network hops. We

measured the route factor, defined as the number of
hops h;; divided by the d;; (Hay 1973), for each
node pair (i,j). We find pairs with the highest route
factor and suggest these as potential new connec-
tions in the network.

We performed analysis and designed visualization
using R Studio, Datawrapper, ArcMap 10.6, and
ArcGIS Pro.

Results
Power, Situation, and Accessibility

On average, organizations are 23.17 km from the
mean center and 24.27km from the median center
of the network. The closest organizations to the cen-
ter of the network are Spiritual Roots Community
Food Bank (8.38km to mean center, 5.1km to
median center) followed by Gethsemane Baptist
Church (8.58km, 5.31km). The most distant organi-
zation is the large nationwide organization Feeding
America, at almost 50km from the mean center.
Organizations have, on average, 22.22 POIls within
one mile of road distance. This value ranges from 1
to 135, the latter of which is Blacksburg Farmers
Market located at the convergence of Blacksburg’s
lively main street and Virginia Tech.

Important organizations, as measured by degree and
centrality metrics, are not statistically near the center
of the network or near dense sets of POIs (Figure 2),
suggesting that node power and capacity to connect is
not correlated with being more accessible to all organi-
zations. One notable example is Feeding America in
nearby Roanoke, Virginia, which has a degree of 16,
but is on the periphery of the study area. Feeding
America attracts distant organizations by selling goods
at a discounted price. Not all organizations travel to
Feeding America, however, due to limited resources
and lack of training on their online ordering program.
As one organization stated, “It’s a thirty-five-minute
drive ... and we could purchase from them at a dis-
count, but we don’t always know what’s going to be
there. Do we bring one car or two! What else are we
going to need [that Feeding America doesn’t] have
available?” (personal communication 2019).

Local Disconnection

Local connections between entities are uncom-
mon in this network, per results of the k-fulfillment
test. Only six nodes (12 percent) are connected to
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Figure 2. Correlation plot illustrating the Pearson correlation coefficients between pairs of variables representing network centrality and
power (in bold), and variables representing geographic location (i.e., mean distance of connection, median distance of connection, and

number of proximal points of interest [POIs]).

their nearest neighbor, and twelve (30.0 percent) are
connected to either their first or second closest
neighbor. Twenty-eight organizations have a k-fulfill-
ment value of O (Figure 3). Organizations with high
k-fulfillment values (and more than 1 degree)
include the Meadowbrook Public Library Backpack
Program and the Giles County Christian Service
Mission (Giles Mission), the latter of which is highly
connected to local organizations in local Pearisburg.
On examination, we found that Giles Mission is
highly locally connected because its leader actively
linked nearby organizations with different service
provision agencies within the town of Pearisburg and
focused resources to help local residents needing
social services (Giles County 2022).

The global flattening ratio for the network is
0.313. The local network flattening ratio ranges
from 0.0039 (Beans and Rice of Pulaski) to 1 (four
organizations), with a mean value of 0.276. The
Giles Mission has a low local flattening ratio
(0.045), implying it forgoes nearby nodes for distant
nodes (Figure 3). The Giles Mission, as mentioned,
however, connects to nearby nodes, but its

flattening ratio is low because it connects with the
very distant Feeding America, in Roanoke. Feeding
America has a low k-fulfillment (0.300) but a high
flattening ratio (0.679). At the town level, there is
little local coordination in Pulaski or Radford;
Christiansburg’s nearby organizations also do not
connect to themselves. We note that k-fulfillment
results are sensitive to few (connected) near neigh-
bors (yielding many Os) while local flattening
ratio values are more evenly distributed between

0 and 1.

Missed Connections

This descriptive metric detects pairs of nodes
that are geographically close but are separated by
many network hops. Broadly, Figure 4A (called a
route factor diagram after Hay’s (1973) metric) can
be used to discover node pairs that are nearby but
highly disconnected in the network, as these pairs
may be good candidates for a new connection. The
Blacksburg Farmers Market (BFM) is present in
many pairs of missed connections, as its nearby
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Figure 3. Organizations (nodes) are connected with an edge if they share food (e.g., nonperishable foods and fresh produce) with each
other (per Edwards 2020). Nodes are colored by both k-fulfillment and local flattening ratio values.

nodes are disconnected by many hops; the BFM
appears three times in annotated points in Figure
4A. In one example, the BFM is separated from
the Eastern Elementary Backpack Program by six
hops in the network (the maximum number of
intermediary hops) yet they are about 5km apart
(Figure 4B). BEM prioritizes providing a network
for farmers to sell their goods over engaging with
charitable aspects of ending food insecurity.
Encouraging the BFM network to share food could
improve the famers market, and help local farmers
build ties with other organizations in the network.
Another notable missed connection in this network
is between Farmacy and the Montgomery County

Emergency Assistance Program (in orange in
Figure 4A).

Discussion and Conclusions

In this research, we describe how a food-sharing
network is connected. We find that despite prior
knowledge that geography is a cost to collaboration,
organizations are sometimes required to collaborate
across interorganizational, political, and cultural
boundaries. We also find that being in the “middle”
of the geographic network does not equate to more
connections or higher network centrality. We
find that multiple organizations could benefit
from connecting with other organizations in their
towns. We also identify pairs of places that, if con-
nected, would improve the overall connectivity of
the network. Our results contribute to the scholar-
ship of geography by proving methods and
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Figure 4. (A) The route factor diagram illustrates pair distance in kilometers and the number of network hops between them. (B) The
map illustrates the number of network hops (red) and conceptual connection (blue dashed) between a program at an elementary school
(Eastern Elementary Backpack Program [EEBP]) and the Blacksburg Farmers Market (BFM).

narratives that can be used to respond to philo-
sophical geographic questions such as how an
entity’s location affects its ability to make connec-
tions, whether moving an entity might alter its
ability to achieve desired outcomes, and whether
an entity’s popularity (e.g., degree) might be a fac-
tor of its location.

The geography community can use the techniques
described in this research to study local interpersonal
connections and describe which areas (towns, neigh-
borhoods, etc.) are fertile for these connections and
why. Geographers might also find that these
approaches can help enhance place-based initiatives
between local organizations (e.g., religious
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organizations, youth programs, schools, universities,
libraries) with like-minded goals and identify pro-
grams that have not connected due to resource con-
straints, institutional barriers, or lack of social
capital.

There are several limitations in our findings. First,
case study research is limited in its statistical gener-
alizability and the results found here might not be
applicable to other geographic areas in scale or
scope. We did not have access to temporal data,
although conducting temporal analysis might
describe connection growth or dissolution over time
and whether older, established organizations have
more ties. We also did not examine group effects,
such community detection, as modules are not a
strong method of organization in this system. Also,
our analysis might be biased by the study area’s
bounding box and our results might be subject to
edge effects in both the network and geographic
space. For instance, Feeding America is attached to
other nodes that are located east of the study area.
Although in our study it appears beneficial to move
this high-degree organization toward the geographic
center of the Thrive Network area, doing so would
strain Feeding America’s access to its connections
that are outside the study area.

Furthermore, our study did not address logistical
aspects of the network. We did not measure food
transfer volume, distinguish between perishable or
nonperishable goods, model food distribution to resi-
dents, and detect where these residents reside.
Accordingly, the concepts of sinks, sources, node
removal, and capacitated facility problems, which
are native to geographers (Hodgart 1978; Church,
Scaparra, and Middleton 2004; Grubesic and Murray
2006; Scaparra and Church 2012), are not at the
forefront of our study. Instead, we test for geocontex-
tual determinants of high-degree nodes, develop new
metrics that highlight areas and organizations with
highly local ties, and suggest where new connections
could be made.

Our methods are suited for social networks of
independent organizations that have individualized
protocols, missions, and capacities, and lack one--
size-fits-all objectives, benchmarks, or measures of
success. If the network instead described outlets
under “one umbrella” (e.g., a network of Starbucks
shops), we could employ long-standing geographic
top-down analytics to streamline and coordinate
across these outlets.

Next, our metrics are descriptive and lack statisti-
cal confirmation or inferential power. Future work
includes developing null models of what we expect a
network to look like, given input parameters such as
gravity functions, preferential attachment rules, or a
scale-free degree distribution and deriving the extent
to which the actual Thrive Network resembles the
predicted null model. Future work also includes
modeling directed edges and weighted edges to cap-
ture the key players in the network not just in terms
of number of connections, but in terms of volume of
goods transferred and volume of goods distributed to
residents in the area.

In addition to addressing the aforementioned limita-
tions, we also plan to share our results with organiza-
tions in the network. There are real-world
implications for this research, as the CFNRV organizes
in-person meetings to introduce previously unfamiliar
organizations and encourage them to share stories, dis-
cuss challenges, and solve problems. The visualization
of the networks on maps and the quantitative analysis
performed here can help Thrive make more informed
decisions on how to create new collaborations and tar-
get areas that are underresourced. The results provide
insights for network managers who are seeking to
invest in whole-network-level solutions. In the future,
we hope to use the Thrive Network’s information
sharing and referral connections and compare their
structure to the food-sharing network.

In summary, this research articulated the relation-
ship between geography and collaboration in the
Thrive Network, a food-sharing, purpose-oriented, ser-
vice-delivery network in a rural, mountainous area.
Detecting local cohesion, the role of centrality, and
geographical missed connections might help the
organizations overcome barriers to collaboration by
giving them meaningful, yet efficient, ways to improve
food sharing and reduce food insecurity in the region.
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Two supplementary files are associated with this arti-
cle. Both are research protocol instruments that were
used to collect the data we analyze in this article. The
first file (Appendix A) entitled “Food Security Survey”
is a copy of the survey that was given to research sub-
jects. The second file (Appendix B) entitled “Interview
Questions” is an outline of the semistructured interview
questions that were given to research subjects. Each are
described further in Edwards (2020). These data can be
accessed on the publisher’s site at: https://doi.org/10.
1080/24694452.2024.2338096
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