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Geographical space and service use in agriculture: The view
from the perspective of multilayer networks

Liszro KOVACS! and Vikréria SZOKE!

Abstract

Location theory has shown that the location of businesses follows specific patterns: primarily, the site of pro-
duction, transportation costs, markets, and workforce are considered the main factors influencing business
location. However, less research focuses on the spatial distribution of service use of actual businesses. Based
on empirical data collected in the Hungarian counties Vas and Zala, the paper shows how the service use of
agricultural producers is distributed in space. Using a questionnaire, we show that services are primarily used
in nearby towns, although in some exceptional cases, small villages can also function as service providers
to agribusinesses. Based on the results, we argue that agricultural producers’ business connections are best
described as multilayer networks in which layers are interconnected. We assume, based on a shift towards
more intensive service use of agricultural producers due to the advances in agriculture 4.0, that on these layers,
physical roads will maintain their importance; parallel, however, the weight of digital connections will increase.
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Introduction goods or raw materials takes place (CuabprADO-
Roura, J.R. 2013). This is especially true for
Business activities and business connections ~ online service providers. Since services’ main
both shape and are influenced by geographi- ~ function is not the transport of physical goods,
cal space. On the one side, geographical prox-  the distribution and use of services cannot be
imity may influence which business actors a ~ described by traditional location theories.
given business interacts with: it is more likely =~ Network theories and network representa-
that a business uses, for example, a banking tions, however, offer a suitable method to
service with a bank branch in the same city/ ~ capture the distribution of service use in space.
town. On the other side, business relations The paper examines the service use through
may also shape geographical space: trans-  the lens of networks: we argue that business
porting raw materials or energy carriers ends ~ networks are multilayer networks consisting
in building roads, harbours, or settlements. of several layers. We show on the example
Classic location theories start from trans-  ©Of agricultural producers why the networks
port costs: the physical distance of consumers, ~ may be considered as multilayer networks.
producers and available workforce define the Agricultural producers are an especially
location of businesses (LAULAJAINEN, R. and interesting subject in three respects: First, in
Starrorp, H.A. 1995). In the case of services, most cases, the location of the agricultural
however, transport costs are irrelevant since, Pmd‘}C‘?r is given since it is connected to the
in most cases, no physical transportation of ~land it uses.
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Second, the importance of agricultural
producers is increasing, since the stability of
food supply chains is paramount for society
(Rosor, M. 2019; MoracGues-Faus, A. et al.
2020). Food chain stability is closely connect-
ed to sustainability and climate change: cli-
mate change forces us to rethink agricultural
production (Contg, B. et al. 2021), and new
approaches to agricultural products foster
innovation in food production (Mouart, M.].
et al. 2019). Food supply chains can function,
however, only if the agricultural producer is
able to produce agricultural products, which
implies it must rely on a large number of ser-
vices in its own supply chain: for example, on
forecasting, plant service, or machine service.

Although agriculture has been gaining im-
portance in recent days, and although it relies
on several services, research has not analysed
how these services are distributed in space.
The first research question, thus, tackles the
problems of service use of agricultural pro-
ducers: RQ1) How does the spatial proximity
of traditional service providers influence the
service use of agricultural businesses? By an-
alysing how services connected to agriculture
are distributed in space, we may shed light on
the dynamics of how agricultural producers
choose services. On the other hand, the re-
sults may help to plan the location of services
connected to agricultural producers.

The third peculiarity of agricultural pro-
ducers is due to recent advances in technol-
ogy: an increasing turn towards digital ser-
vices in agriculture is observable resulting in
agriculture 4.0 (SiNgH, S. et al. 2020). These
digital services can help to mitigate or over-
come the negative effects of climate change
(O’Grapy, M. et al. 2021).

Since service use has undergone a change
due to the pandemic and since future ag-
riculture is relying increasingly on digital,
online services, which also influence local
service use, a shift towards online service
use can be anticipated. The second research
question seeks an answer to the question:
RQ2) What are the possible impacts of digi-
tal agriculture and online service use on ag-
ricultural producers in the future?

The theoretical goal of the paper is, to
show through the example of agricultural
producers, that network science can be used
to describe service use of businesses and that
multilayer networks provide a theoretical
framework to describe business connections
of agricultural producers. The third research
question is connected to the overall goal of
the paper: RQ3) How can business connec-
tions be described within the framework of
network theory?

The paper analyses the spatial distribution
and the network structure of services con-
nected to agricultural producers. In the case
of service networks, we show that at least
two layers exist: a layer which needs phys-
ical connections to agricultural producers
and physical movement of people provid-
ing or using service at physical places and
another layer for online services, where ser-
vice use means only data exchange. We ar-
gue that the second layer is likely to become
more important in the future due to recent
shifts in service behaviour and due to the ad-
vance of agriculture 4.0. We also show that
connected to agricultural producers more
network layers exist.

In the first part of the paper, we summa-
rize the factors influencing the location of
agricultural producers, then describe how
agricultural producers use services. In the
second part we analyse based on empirical
data — collected via a questionnaire from a
small sample of agricultural producers in
West Hungary — the interconnectedness of
agricultural producers and service provid-
ers. In a last step we discuss findings in light
of network theory and of recent and upcom-
ing changes in agricultural service use.

Throughout the paper, we will use two no-
tions: agribusinesses and agricultural produc-
ers. The notion of agribusiness itself is rarely
defined in scientific literature (Gricg, D. 2005):
it is often used in a wider sense for the whole
agribusiness sector, including input suppliers,
agricultural producers, merchandisers, pro-
cessors, and retailers (e.g. GUNDERSON, M.A.
et al. 2014; Lertao, F.O. et al. 2024), but also in a
more restricted sense as a business producing
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agricultural products in the primary sector
(e.g.- MarrYoNo, J. 2020). In order to avoid con-
fusion, we use in the paper two notions: we
use agribusiness in the former meaning as a
comprehensive concept for businesses in the
agribusiness sector. In the case of individual
businesses producing agricultural products,
we use the notion of agricultural producer.

Geographical space and agribusinesses

The interconnectedness of geographical space
and business activities is a long-studied sub-
ject in geography (Ponsarp, C. 1983; WaL-
Lacg, 1. 1985; CoromBo, S. 2020). In the classic
location theory, transport costs are the deci-
sive factor in business site selection: costs of
overcoming geographical distance is the cen-
tral driving force behind location choice and
the geographical differentiation of economic
activities (GLUCKLER, J. and Panrrz, R. 2021).
Von Thiinen used concentric circles to de-
scribe the relationship between land rents,
product prices, and the location of agricul-
tural production, considering transportation
costs and the quality loss of perishable goods
during the transport (Pryknopxo, 1. 2017;
SzOkE, V. 2023). The general idea of Thiinen
has been used and refined by several scholars
(e.g. O’KELLY, M. and Bryan, D. 1996).
Weber’s model assumes that the loca-
tion of raw materials is given, the spatial
distribution of consumption is known, and
transport costs depend on weight and dis-
tance. According to his model, three factors
determine the business location: transport
costs, labour costs, and agglomeration ef-
fects (HeineBerG, H. 2007; Sz6kE, V. 2023).
Christaller’s central place theory focuses
on city-region relationships and the con-
nections between central places (HEINEBERG,
H. 2001): in his model, he examined settle-
ments in a given area according to their size
and function while assuming their coopera-
tion. In his theory, he distinguishes between
settlements with different central roles:
Oberzentrum, Mittelzentrum, Unterzentrum and
Kleinzentrum, where each level of centres has

different functions, providing different ser-
vices at each centre role (GesHarot, H. 2011).

Location theories, however, must also
consider the characteristics of the given sec-
tor or business to choose the best location:
R&D companies may, for example, consider
knowledge flow (CoLomso, L. et al. 2024), en-
trepreneurs may prefer to locate their busi-
ness close to other entrepreneurs (SCHAFER,
S. and BRENNING, A. 2024) while gold mines
prefer locations with less corruption and se-
curity (ToLg, L. and Koop, G. 2011).

Which factors influence, however, the lo-
cation of agribusinesses? These spatial eco-
nomic models all included agriculture ex-
plicitly or implicitly in their considerations.
Lucas, M.T. and Cunajep, D. (2004) point
out focusing on agricultural location theory,
that in the middle of the 20th century, pla-
nar models (space is a continuous phenom-
enon), discrete models (number of locations
for facilities is finite) and network models
(transportation networks influence location)
existed. They argue that agricultural location
is complex: production (farm), processing
facilities, and transportation to the consumer
must be all included in the equation while
deciding on location. Geographical proxim-
ity to other actors played an essential role in
the business activities of agribusinesses until
the middle of the 20th century (MoLEMA, M.
et al. 2016). Today, it is observable that the
proximity to the consumer is the most cru-
cial factor: since infrastructure and demand
do not exist in sufficient quantity and/or
quality at agricultural areas, food process-
ing is located near the consumer (near cit-
ies) and not in agricultural areas (CoHeN, J.P.
and Paut, C.J.M. 2009). Thus, transportation
plays a relevant role in agriculture.

Overall, connected to transportation, a
dual process is observable (Suin, W.C. 2022).
On one side, from the late 19th century to
the late 20th century, the importance of
proximity decreased as technical advance-
ment first enabled the transport of goods
over longer distances and later contributed
to decreasing transportation costs (NicHoLs,
T.E. 1969), which again led to a change in
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agricultural production (O’KerLy, M. and
Bryan, D. 1996). As a result, in the 21st cen-
tury, extended supply chains and global
connectedness lead to a complex approach
to agri-food business, including agricultural
production and food industry (De BACKER,
K. and Miroupor, S. 2014).

On the other side, in recent years, we
experienced three new barriers connected
to distance and the transportation of agri-
cultural goods: first, the coronavirus pan-
demic showed us that borders function as
real obstacles, making impossible or slow-
ing down the movement of persons and
goods (Hamip, S. and Mir, M.Y. 2021).
Second, the war in Europe showed how
fragile agriculture-connected supply chains
are: not only crops themselves but for crop
production essential goods such as fertiliz-
ers or even diesel fuel are in shortage (Exin,
E. 2022). Finally, a third factor influencing
agricultural transportation and product de-
mand is the increasing consumer demand
for local products (Marino, D. et al. 2018).
Agricultural location theories of the future
have, thus, to consider not only advances but
also new challenges caused by recent events
and consumer trends and expectations.

Besides the above-mentioned location-
connected contexts, a less researched factor
is connected to agribusinesses: agricultural
producers’ service use. Agricultural pro-
ducers today must rely on a wide range of
specialized and general services for pro-
duction and administration. Therefore, the
geographical distribution of services may be
relevant since service use, as shown below,
will increase in the future.

Service use and agribusinesses

As we have seen, spatial proximity and trans-
port costs influence agricultural production.
Since the share of used services in agricul-
tural production is increasing in all countries
of the European Union (Korobziejczak, M.
2018), research connected to service use in
agriculture can contribute not only to agri-

business theory but can also have real-world
implications, for example, to choosing loca-
tions for service providers.

MotLema, M. et al. 2016) recommend think-
ing of agricultural producers as parts of net-
works: the network view enables one to see
the interdependencies of the actors of net-
works. They argue, that in an agribusiness
network, the main actors are: (1) farmers, (2)
suppliers (machinery, seedlings), (3) food
processing industry, (4) financiers, (5) knowl-
edge institutions, (6) consumers and consum-
er organizations, (7) distributors and (8) gov-
ernmental organizations, where financiers,
knowledge institutions and governmental
organizations are service providers for agri-
culture. These actors’ interrelationships and
functions are complex and change over time.

Similarly, Sonka, S.T. and Hubson, M.A.
(1989), and also GunDERsoN, M. A. et al. (2014)
name besides genetics and seed stock, input
suppliers, agricultural producers, merchan-
disers, processors, retailers, and consumer
services (in general), and finance and R&D
as part of the agribusiness sector. EDwARrDSs,
W. and Durry, P. (2014) name several farm-
related services in their chapter, grouped
into finance-related services (e.g. bookkeep-
ing and tax preparation, farm accounting,
insurance) and production-related services
(e.g. machinery services, crop scouting, vet-
erinary services). Besides these services, a
turn is observable in agriculture: more and
more services — partly digital — are offered for
agricultural producers (KLErkx, L. et al. 2019).

Used, available, and future services appear
often connected to the 4.0 turn in agriculture
(WINTER, J. [2020] connected to industry 4.0).
Since the beginning of the 21st century, we
can speak of agriculture 4.0 (or smart farm-
ing or digital agriculture, KLerkx, L. et al.
2019): with the development of information
technologies, sensors have become cheap-
er and more advanced, agricultural (soil-,
weather-, plant- and machinery-related)
data can be collected and processed quickly,
in real-time. Agriculture 4.0 (or agri-food 4.0;
e.g. ArRora, C. et al. 2022) uses many data
sources, connects data intelligently, makes
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forecasts based on the data — it can even col-
lect and process data and find solutions for
an individual plant or animal (KLErkx, L. et
al. 2019).

In this new agriculture, an increasing role
of and the demand for non-physical services
— which enable accurate data collection, data
processing, and data analysis — is observable.
A lot of these new technologies are connected
to communication services, for example, mo-
bile phone services (BaumtLLER, H. 2017), or
cloud-based services (Eastwoop, C. et al. 2019).
For a recent overview of the technologies, chal-
lenges, and solutions, see, for example, KLERKX,
L. et al. (2019) or DeBAucHE, O. et al. (2021).

The digital transformation in general (Rua,
J.S. and Leg, H.-H. 2022), the transforma-
tion to digital agriculture, and the recent
advances in technology and society make it
evident that connected to agriculture, more
and more services will be provided online.
The use of services in agriculture, thus, will
be both offline and online: on the one hand,
services that call for physical presence, like
physical repair of machines or calibrating
new equipment, will be done on-site. On the
other hand, it can be presumed that services
that do not call for physical proximity will
be used more and more online.

In order to see the service use and the
spatial distribution of service use, it is es-
sential to collect and analyse empirical data
connected to agricultural producers. Next,
we analyse data collected from agricultural
companies in West Hungary, in the counties
Vas and Zala.

Research materials and methods

A survey was conducted between late 2019
and early 2021 in West Hungary, in the coun-
ties Vas and Zala, to analyse the service use
of agricultural businesses.

The county of Vas covers an area of 3336.1
km? (HCSO 2016), of which 49.94 percent
is agricultural land (43.46% arable) (HCSO
2023). 3.3 percent of the agricultural, forestry
and fishing enterprises in the country are lo-

cated in the county (AKI 2021a). Zala county
covers an area of 3783.87 km? (HCSO 2016),
of which 40.65 percent is agricultural land
(34.57% arable) (HCSO 2023). 4.2 percent of
the agricultural, forestry and fishing enter-
prises operating in the country are located
in the county (AKI 2021b). The agricultural
land of the counties is 260,000 hectares for
Vas and 274,000 hectares for Zala county
(Sz6kE, V. 2023). Agriculture was important
for Vas county in the last two centuries, and
even today agriculture adds more to the
GDP (7%) of the county as the Hungarian
average (5%; LENNER, T. and ParLkovirs, L.
2014). In Vas county, wheat, maize, sunflow-
er, and rapeseed are the main crops; sugar
beet and spring barley are also cultivated.
In Zala county, wheat and maize are the
most produced crops. The agricultural land
of both counties is characterized by a frag-
mented structure (Sz6xE, V. 2023). Figure 1.
shows the map of the two counties.

The questionnaires consisted of 14 questions,
partly business-related (for example, the num-
ber of employees and machines used on the
farm) and partly connected to the business con-
nections of the agricultural producers. In addi-
tion, we asked from where (which settlement/
foreign country) the agricultural producers
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Fig. 1. Geographical position of Vas and Zala counties
in West Hungary. County seats: Szombathely and
Zalaegerszeg. Source: OpenStreetMap.
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regularly bought products or raw materials,
where (which settlement/foreign country) ag-
ricultural products were sold (Sz6ke, V. and
Kovacs, L. 2023), and on which settlements
services were used. Connected to services, we
asked for service frequency and place of ser-
vice use of the following services: machine ser-
vice, accounting, financial auditing, bank, le-
gal services (lawyer, notary), and plant expert.
Although the questionnaire contained empty
lines for participants, where they could have
written other used services, no other services
were named. Questionnaires were distributed
online based on the recommendation of agri-
cultural experts (snowball sampling).

In the current results section, we analyse
only connections between settlements based
on the service use of agricultural producers.

Data analysis

To see the connections between service pro-
viders and service users, we construct net-
works between settlements where the agri-
cultural producer is situated and where it
uses a given service (e.g. accounting is done
on the settlement where the accounting firm
is situated). For analysing, grouping, and
cleaning data, Microsoft Excel, for network
analysis Gephi 0.9.7 on Windows was used.

To use networks describing business rela-
tions is obvious: networked structures have
been assumed and analysed since the mid-
20th century (e.g. UITERMARK, J. and vaN
MEeEeTEREN, M. 2021; BARTHELEMY, M. 2022).
In geography, network analysis started in
the 1960s (HacgeTT, P. and CHORLEY, R.J.
1969) and was resurrected with the emer-
gence of network science at the end of the
20th century (BarasAsr, A.-L. 2016). For an
actual, detailed overview of geographical
network use, see BaArtHELEMY, M. (2011,
2022), GLUCKLER, J. and Panitz, R. (2021)
or UITERMARK, J. and VAN MEETEREN, M.
(2021), for a special geographical context,
for example, transportation see DERUDDER,
B. et al. (2008) or DERUDDER, B. and NEar, Z.
(2018) or network theory can also be used to

identify the boundaries of a smaller touristic
region (MaparAsz, E. and Papp, Z. 2013) or
describe tourist movements in a given region
(Nob, G. and AuserT, A. 2022).

The general character of network theory
enables its use in economics and business
theory (e.g. EasLey, D. and KLEINBERG, J.
2010). Network approaches may be used,
for example, to analyse the connections be-
tween different industries (Cortinovis, N.
et al. 2020; TurkINa, E. et al. 2021), to analyse
the impact of transportation networks on em-
ployment (Koster, H.R.A. et al. 2022), to show
how strong links are connected to economic
performance and weak links to growth (Znu,
S. et al. 2021) or to analyse regional economic
resilience (TotH, G. et al. 2022).

Research results

Business-related data is not easily collected
from agricultural companies: agricultural
producers in Hungary are often unwilling to
give data connected to business activities. They
fear that providing information about business
connections and about confidential, business-
related data can be used by their competitors
and by official authorities since — although data
collection is anonymous — some agricultural
producers may be easily identified based on
a small number of facts (Sz6ke, V. 2023). This
is why, for data collection, we had to use the
snowball method: Familiar agricultural pro-
ducers were contacted, we collected data, and
the businesses helped contact new businesses.
In the end, we managed to collect data from 30
businesses. Table 1 shows a detailed summary
of the main characteristics of the businesses.
Due to the small number of analysed busi-
nesses the data collection cannot be repre-
sentative: the goal of the empirical data
collection was to show on the example of
a small number of agricultural producers
the real, existing connections to service pro-
viders. The collected data and the diversity
of the agricultural producers (larger and
smaller producers, diversity of activities,
spatial distribution) make it possible, how-
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Table 1. Distribution of agricultural producers who completed the questionnaire
by county and by activity

Distribution of agricultural producers Number of businesses, pieces
By agricultural sector
Crop production Vas 15, Zala 2: total 17
Animal husbandry Vas 2, Zala 4: total 6
Crop production and animal husbandry Vas 4, Zala 3; total 7
Number of employees (persons)
1-2 17
3-5 5
6-10 4
11-15 1
16-20 0
20 < 3
By area (crop production; crop production and animal husbandry, ha)
(together ca. 6200 ha cultivated)
0-10 4
11-20 1
21-50 7
51-100 2
101-200 2
201-500 5
1000 < 3
By number of animals (pieces)
0-10 1
11-50 3
51-100 5
101-200 1
201-500 0
501-1000 0
1000 < 3
Cultivated plants
Crops Proportion of area, % Estimated area, ha
Arable crops
Wheat 32 2020
Rapeseed 21 1330
Maize 21 1290
Soy 13 815
Barley 9 550
Sunflower 1 85
Other non-arable crops
Apple 0.6 40
Evergreens 0.2 10
Ornamental plants 0.1 5
Animals
Sort of animals Number of farrr.lers Number of animals
breeding the animal
Poultry 2 74 500
Pig 4 6570
Cattle 5 400
Beehive 2 200
Mangalica* 1 10
Others** 1 24

*Specific Hungarian pig. **Horse, goat, alpaca, sheep. Source: Authors” own editing.
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ever, to see the dynamics of service use in
the given smaller areas. Since — to the best of
our knowledge — service use of agricultural
producers was not analysed previously, each
result can provide new insight into how ag-
ricultural producers choose and use services.

The questionnaire asked the businesses
about service use, the most common servic-
es, and the actual place of service use (set-
tlement). Figure 2 shows the most important
services the agricultural producers use. The
analysis of services is not exhaustive. On the
one hand, we asked just for the most com-
mon services used by agricultural produc-
ers; on the other hand, the services provided
by agricultural producers (e.g. tillage and
harvest provided for other agricultural pro-
ducers) are not analysed. The reason for lat-
ter is that during the pilot survey, we got
negative feedback connected to our planned
questions on the services provided by farm-
ers: they reasoned that the information was
confidential and essential for their business.
This question was, therefore, deleted from
the final questionnaire.

In the next step, we analysed where (on
which settlement) these services are used.
Figure 3 shows the network structure accord-
ing to the number of connections between
services. The network is a directed network;
the arrows point from the service-providing
settlement to the settlement where the agri-
cultural producers are located.

The most central settlements provid-
ing services are towns: Szombathely and
Zalaegerszeg are the county seats of Vas
and Zala counties, Kormend and Sarvar
are smaller towns. Egyhdzasradéc and
Radockolked are villages with large (over
1000 ha) agricultural producers. Austria is
in the network because two agricultural
producers have bank accounts not only in
Hungary, but also in Austria — they sell crops
to Austria, Italy, and Slovenia and purchase
input material and machinery from Austria
and Germany. The network characteristics
of the constructed network of service use
were analysed by network-specific metrics
(Table 2).

The y-index — a density index that char-
acterizes the degree of network complex-
ity (BaraBAsI, A.-L. 2016) — takes the value
Y = 0.5490, which indicates a moderately
complex network (Dusek, T. and Kotosz, B.
2016). A value of modularity indicates that
clear communities are formed — in our case,
5 — and a value of 0.4 < indicates that these
communities are well separated.

The data shows that service use is connect-
ed to nearby, mostly larger settlements that
provide the service. For the most common
services, it is crucial to have — when needed —
physical contact, for example, in a bank when
withdrawing cash. As we see from the net-
work, most agricultural producers are part of
the same network because the crucial services
are provided in larger or smaller towns, nec-
essarily connecting the agricultural producers
to these cities. As some services are available
only in towns — or are available in towns in a
larger variety — the central elements are larger
towns. Smaller agricultural producers may,
however, use a smaller number of services:
an agricultural producer in Tétszerdahely
manages to use all necessary services in the
immediate vicinity (within 10 km) of the ag-
ricultural producers.

Smaller towns and settlements (e.g.
Hegyfalu, a village with less than 800 inhab-
itants) can also function as central elements.
These settlements are central because they ac-
commodate companies providing specialized
services for agricultural producers.

Most of the analysed services have a dual
character: an offline and an online component.
For example, actual bank visits are seldom
needed; online banking activity is, however,
regular. The same is true for accounting:
scanned versions of invoices are sent to the ac-
counting firm regularly; paper versions, how-
ever, only once a month. Although service use
is partly online, an actual spatial proximity is
called for. These are services that are acces-
sible and provided in every larger settlement.

In the case of new digital services for ag-
riculture, the picture may be completely dif-
ferent. As we pointed out, solutions enabling
smart farming and using the latest technology
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Table 2. Network indicators on the use of services by agricultural producers*

Indicators Hungarian settlements + Austria Value (pc)
Szombathely 11 (1)
Zalaegerszeg 7 (1)
Koérmend 6(1)
Hegyfalu, Sarvar 3()
Outdegree (k): Austria, Biik, Gy6r, Nagykanizsa, 6riszentpe’ter 2 (5)
Becsehely, Budapest, Egyhazasradoc, Hosszupereszteg, 1(16)
Kehidakustany, Keszthely, Készeg, Készegszerdahely,
Lakhegy, Letenye, Nagyrakos, Répcelak, Sorokpolany,
Szentgotthard, Teskand, Totszerdahely
Radockolked 6 (1)
Egyhazasraddc, Nagyrakos 5(2)
. Csonge, Hegyfalu, Nemesbdd, Totszerdahel 44
Indegree (k"): Biik, %gervégr?,Kérmend, Sorokpolany, SzeleZte 3 ES;
Cék, Orimagyarosd 2(2)
Lakhegy, Nagykanizsa, Pakod, PethShenye, Vép 1(5)
Szombathely 11 (1)
Koérmend 9 (1)
Hegyfalu, Zalaegerszeg 7(2)
Egyhazasradoc, Nagyrakos, Radockolked 6(3)
. Biik, Tétszerdahely 5(2)
f;tjll(iigiis)Of nodes (k): Csonge, Nemesbdd, Sorokpolany 4(3)
i i Egervar, Nagykanizsa, Sarvar, Szeleste 34)
Austria, Cak, Gy6r, Lakhegy, Orimagyarésd Oriszentpéter | 2 (6)
Becsehely, Budapest, Hossztipereszteg, Kehidakustany, 1(14)
Keszthely, K&szeg, Készegszerdahely, Letenye, Pakod,
Pethéhenye, Répcelak, Szentgotthard, Teskand, Vép
{ Index / Average Degree 1.5556
Average Weighted Degree** 3
v Index 0.5490
u Index 20
7 Index 28
Network Diameter** 2
Graph Density** 0.044
Modularity** 0.478
Number of Communities** 5

*Number of nodes (N): 36, number of connections (E): 56. **Calculated by Gephi 0.9.7. Source: Authors’
own editing based on Sz6ke, V. 2023.

are necessarily partly or wholly online ser-  Discussion

vices. For example, a weather forecast using

no on-site devices is an online service, farm-
ers can subscribe to (e.g. FarmCast). Similarly,
services using satellite services are also on-
line providers, like SkyWatch. These service
providers are globally active, with no actual
office in a given settlement or even in a given
country. In Hungary, these services are used
today not frequently, although the usage
frequency is increasing.

Spatial proximity and service use
Service as knowledge

In the first research question we searched for
an answer to the following question: How
does spatial proximity of traditional service
providers influence the service use of agri-
cultural businesses?
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Business services form a subgroup of ser-
vices: they show a large spatial concentration,
both inside and outside of cities (CuapraDO-
Roura, J.R. 2013). In the case of business ser-
vices, a dual character is observable: for rou-
tine services and for Knowledge-Intensive
Business Services (KIBS) (e.g. accountancy),
proximity is relevant, for other services less so,
since either the service provider travels to the
service user, or telecommunication is used for
services (CuADRADO-ROURA4, J.R. 2013). Thus,
service providers of routine services often
open offices in places where the service may
sough after, while service companies without
client contact are mostly situated near large
cities with relevant infrastructure and quali-
fied workforce (CuapraDO-ROURS, J.R. 2013).

To be able to compare the network structures
of different types of services, we draw networks
to different services separately (Figure 4). The
networks represent the connectivity of service
use, weighted by the frequency of service use.
Thicker lines mark the service used more often.
Settlements of Vas (purple coloured) and Zala
(green coloured) counties are placed according
to their actual geographical location. As we can
see from the results, different kinds of settle-
ments function as nodes, depending on which
services are analysed.

In the case of plant experts and veterinarians
(see Figure 4, A), spatial proximity is an im-
portant factor: these services are sought after
at the same settlement or nearby settlements
(approx. 10 km). In this regard, smaller set-
tlements are also central: in several cases,
these experts are in the same settlement as
the agricultural producers. Plant expert/
veterinarian services can be regarded as
Knowledge-Intensive Business Services, thus,
the proximity is in line with previous findings
(Cuaprapo-RouRra, J.R. 2013).

In the case of machinery services (see
Figure 4, B), new settlements are central: the
service providers are not in close vicinity;
they are 20 km or even 100 km away. Central
nodes are smaller settlements and towns. In
these cases, service providers travel to the
agricultural producer, for example, to repair
machines. Since, however, these services are

used less frequently, proximity is not impor-
tant (Cuaprapo-Roura, J.R. 2013).

When we look at services connected to
administrative tasks, we see different struc-
tures again. In the case of legal services (see
Figure 4, C), these services are seldom sought
after, and service providers are mostly in larg-
er cities. Accountancy services (see Figure 4, D),
are again provided from larger settlements.
Banking services (see Figure 4, E), are used pri-
marily in larger towns, sometimes in smaller
towns. Banking services are, however, often
used online. These services can be considered
as routine services or Knowledge-Intensive
Business Services, thus, proximity is important
(CuaprADO-ROURS, ].R. 2013).

Results are also in line with SHEaARMUR, R.
and Dororeux, D. (2020), who show on the
example of vine production, that specialized
services connected to specific knowledge are
mostly used close to the production site, while
less-specific services like logistics or market-
ing are used from towns. As SHEARMUR, R.
and Dororeux, D. (2020) point out, knowl-
edge for some services is not necessarily lo-
cated in towns: specific knowledge may be
located near to producers. We confirm these
findings: specific knowledge may be located
in smaller settlements, and the most specific
knowledge for agricultural producers — plant
experts/veterinarians — is sought after from
the close vicinity of the producer. The find-
ings also confirm that knowledge must not
only be associated with and located in towns
or cities (e.g. DE AviLa Serrano, R.V. 2019):
knowledge is industry-specific, and specific
knowledge may be produced on smaller settle-
ments (SHEARMUR, R. and Dororeux, D 2020).

Online vs. offline services

In the case of services, in general, a shift to-
wards more online service use can be antici-
pated. The second research question — RQ2)
What are the possible impacts of digital agri-
culture and online service use on agricultural
producers in the future? — seeks to analyse
online and offline service use.
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Fig 4. (Continued). The network structures of different types of services. Content of the lines and colours: expla-
nations are in the text. E = Banking services (Gy®r is out of Vas or Zala counties; Giissing is settled in Austria.)
Source: Authors’ own editing based on Sz6xe, V. 2023.

The above data collection occurred partly
during the pandemic; therefore, the initial
questionnaire contained no questions con-
nected to the change in service use habits;
it only analysed service use at a given time.
After seeing the results, however, we con-
ducted short questionnaires with selected

agricultural producers, explicitly asking for
long-term changes in their service use habits.
The goal of the new questionnaire was to see
how service use changed after the pandemic.
We collected data from six companies situ-
ated in Vas and Zala counties. Data collection
was online in August and September 2022.
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The respondents were chosen from the busi-
nesses filling out the original questionnaire.

Surprisingly, answers indicated that physi-
cal distance to the service provider became
more critical during the pandemic. However,
at the same time, all agricultural producers
indicated that for most services (financial
auditing, accounting, legal services, bank-
ing, meteorological services, government-
related service use), either the online-offline
service ratio remained the same over time or
changed slightly or to a large extent in favour
of online service use (Figure 5).

For testing, we performed a hypothesis test
to confirm whether there was a significant dif-
ference in the pre- and post-coronavirus values.

We hypothesised H: ut, = p,; H: p, # 11, as an
alternative hypothesis, and then used Student’s
t-test to test which services showed a differ-
ence at the 5 percent (a = 0.05) significance lev-
el between pre- and post-coronavirus service
use. To test the equality of variances, we used
an F-test, and we accepted the H hypothesis
(Hy:0,=0, H: 0, # 0, with the exception of
machine service). In the case of machine ser-
vice, the equality of variances could not be
proved by an F-test, so instead of Student’s
t-test, we performed Welch's t-test, in which

~

w

~

case the equality of variances need not be sat-

isfied. As a result of the t-tests, we could not ac-

cept H, for banking services because the t-val-
ue was outside the acceptance range, so the
alternative hypothesis H, was accepted. Thus,
for banking services, there is a significant dif-
ference (o = 0.05) for the increase in the use of
online services after the coronavirus pandemic.

The analysis also included correlations anal-
ysis between the pre- and post-coronavirus ser-
vice use for each service.

— Very strong correlation (0,8 to +1): auditing,
legal services, notary, IT services, occupa-
tional safety and health, plant expert govern-
ment-related services, land-registry services,
training, online purchasing and commerce;

- Strong correlation (+0,6 to +0,79): machine
service, postal/parcel services, fire protection
services;

— Moderate correlation (0,4 to +0,59): account-
ing services;

— Weak correlation (+0,2 to +0,39): banking
services.

— Correlation cannot be computed due to a
constant value: meteorological services.
For banking services, we see that there is a

weak correlation. The variances are the same

in the pre- and post-coronavirus data series,

I “\@ \\\\&\\@ s%‘“\@ “\@ \\“\ﬁ z\“\@s QSQN\@ Q\*\@ &‘\@X\ 4 Q‘\\\@S “\@L‘) o ‘\\\@5 Sed\@ 5 e\“\@ . %\‘\\& \‘\Q\@
o o \x“‘ \@“e S & \e%“" o &
O et o PSRN \\\a\\“’\“
Q@x [ “\\\\\\ﬂ

m Before the pandemic

= After the pandemic

Fig. 5. Change in online service use between 2020 and 2022. Scores on Y axis: 1 =do not use / not used; 2 = only offline;
3 = rather offline, partly online; 4 = rather online, partly offline; 5 = only online. Source: Authors” own editing.
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so the difference is not due to the difference
in variances, but presumably to the fact that
the surveyed firms have increased their use
of online services to different degrees.

No participant indicated that the offline ser-
vice use ratio increased during the given period.
Results align with the increased use of digital
and online technologies in all contexts of small
businesses (e.g. AkmaEva, R.L et al. 2020).

In the future, online services may increase
since there is both a demand for and supply of
these services (Gray, R.S. and Torsnizi, M. 2021).
Online service increase is also connected to the
digital transformation of agriculture: digital
transformation is taking place today, enabling
more efficient production and more sustainable
solutions (Ryswijk, K. et al. 2021; MENDES, J.A.].
et al. 2022). The pandemic also influenced digi-
talization and digital service use in agriculture
(Avavos, E. et al. 2023). Thus, in agriculture,
digitalization will likely increase, which im-
plies more online service use (Lioutas, E.D. and
CHARATSARI, C. 2021; PorcieLLo, J. et al. 2022).

Layers of networks
Different purposes — different networks

The second part of the discussion tries to an-
swer the third research question: RQ3) How
can business connections be described within
the framework of network theory?

In the case of services, a dual character is
observable. On the one hand, physical move-
ment is relevant for some services: For exam-
ple, plant experts or veterinarians may travel
to the agricultural producer to provide their
services. On the other hand, for example, in the
case of banking, services may be provided both
online and at the office of the service providers:
some banking services can be done via home
banking (e.g. bank transfer), while others re-
quire personal presence, like cash withdrawal.

As we can see, we could assume two dif-
ferent networks for service providers: one
that provides services for agricultural pro-
ducers, where spatial proximity is relevant.
In the analysed data, spatial proximity was

the most important factor in the case of plant
experts and veterinarians. In the case of other
services, however, spatial proximity seems
to be less important; nonetheless proxim-
ity is important, since physical movement
is needed. In this networks information and
people are traveling.

In the case of emerging digital services,
however, no physical movement is necessary
since data is sent online or stored and used in
the cloud (LezocHg, M. et al. 2020; PANETTO,
H. et al. 2020). When we consider online
networks of service providers, information
travels on digital networks, and the service
itself can be described as data exchange (and
processing). Since data is exchanged on this
network, no proximity — and no roads — are
needed, just digital connections between the
farm and the service provider.

Add to these networks further networks of
agricultural producers: the network of sup-
pliers of physical goods and the network of
buyers of the agricultural products. These
networks are very different from the above
networks: transportation times and costs
play an important role in these networks.

In a foregoing paper (Sz6xe, V. and
KovAcs, L. 2023), we analysed the purchase
(supply network) and selling (sales network)
relationships of the same agricultural pro-
ducers we analyse in current paper. In the
supply network, Hegyfalu (a small village)
was the most central node, with 9 (outgo-
ing) connections, followed by Szombathely
and Sarvar with 7-7 and by Vasvar and
Zalagerszeg with 5-5 connections (thus, set-
tlements that provided supply for the ana-
lysed agricultural producers). In the case of
sales networks, central nodes were Austria
(7 connections), Italy (5) and Egyhazasradoc
(3). These were the main settlements (coun-
tries) where the most produced agricultural
goods were transported. In the case of the
supply network, we identified 54 nodes with
86 connections, and in the sales network, 28
nodes with 37 connections (in comparison
above, the service network for the same pro-
ducers has 36 nodes and 56 connections; see
Table 2).
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Multilayer networks

From a network point of view, these different
networks can be characterized as multilayer
networks. Multilayer networks consist of net-
works on different layers, where nodes on
different layers may connect the layers (Boc-
caLeTT, S. ef al. 2014; KiverA, M. et al. 2014).
Multilayer networks exist in many contexts:
connected to geography in city transporta-
tion, they can consist of layers according to
different means of mass transportation (e.g.
tram, bus) (ALeTa, A. and MoreNo, Y. 2019).
Maritime connections (Ducruet, C. 2017) and
human mobility (Beryi, A. et al. 2017) can be
described also as multilayer networks.

We assume that the connection of busi-
nesses — in our case, agricultural producers
— can be described by multilayer networks.
Based on the results, we argue, that agricul-
tural producers are the hubs of at least five
different network layers:

1) a layer for suppliers of agricultural pro-
ducers,

2) a layer for purchasers of goods pro-
duced by agricultural producers,

3) a layer of agricultural producers,

4) a layer for offline service providers,

5) a layer for online service providers.

Layer 1
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All these layers have connections on
the layer itself, but also between layers
(Figure 6).

We describe the layers and connections
between the layers from the perspective of
agricultural producers (Layer 3).

On the layer of suppliers (Layer 1), busi-
nesses of the agribusiness sector are situated,
providing supplies for the producers (Layer 3).
The connections between these two layers rep-
resent roads. Movement is less frequent, but
the transportation of goods suggests a good
road infrastructure. Connected settlements are
small settlements (producers) and settlements
with relevant agribusiness supply businesses
(larger, but also smaller settlements).

On the layer of purchasers (Layer 2) pur-
chasers of agricultural goods are situated,
which are part of the agribusiness sector. The
connections between Layer 2 and Layer 3 rep-
resent again roads. Movement is less frequent,
but the transportation of goods suggests a
good road infrastructure. Connected settle-
ments are small settlements (producers) and —
mostly small — settlements, where agribusiness
products are stored (traders) or processed.

Different services are situated on the layer
for offline service providers (Layer 4): ag-
riculture-specific and general services. The

\
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\
\
\
\
\
\
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A 1
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Fig. 6. A multilayer network of agricultural producers. Different colours represent different layers. Connections
on layers are depicted grey, connections between layers are coloured. Source: Authors’ own editing.
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connections between Layer 4 and Layer 3
represent roads and/or digital connections.
Physical movement was more frequent in the
past, now physical movement is decreasing
and online traffic is increasing. Connected
settlements are small settlements (produc-
ers) and nearby small, middle or larger set-
tlements, depending on the provided service.

On the layer for online service providers
(Layer 5) businesses are situated, which pro-
vide almost exclusively online services, con-
nected mostly to the digital turn in agricul-
ture. The connections between Layer 5 and
Layer 3 represent mostly digital connections.
Connected settlements are small settlements
(producers) and all kinds of other settlements
(Layer 5). Here, we will find settlements with
state-of-the-art knowledge: large or interna-
tional metropolises, settlements with cloud
computing, and international service providers.

Connections on the layers also exist: for ex-
ample, nearby agricultural producers often
cooperate, they help each other, for example,
with contract work, or they may cooperate by
purchasing supplies together. We may also
propose a Layer 6 for employees (here not
analysed). Employees also move between set-
tlements: their home and the location of the
agricultural producers are also connected via
roads.

By changing the viewpoint, the above con-
siderations indicate that successful agricul-
tural enterprises of the past were those that
had important physical connections (roads)
to transport goods. These connections remain
paramount since goods still need to be trans-
ported to the agricultural producer (e.g. input
materials), and agricultural products need to
be transported from the producer. The recent
advances in technology and in behaviour
connected to the pandemic, however, make
digital connections more and more important.

Today and future agricultural producers
need both networks: they need their physical
network to transport supplies and products
and for employees to move. They need, how-
ever, to be part of a similarly complex virtual
network where data is moved. New technolo-
gies presented by agriculture 4.0 will work

with the help of the digital network - failing
to be part of this network means a future ag-
ricultural company may be less effective and
competitive, since missing infrastructure con-
nected to data-intensive solutions may slow
down or block the implementation of agricul-
ture 4.0 (DA S1LvEIRA, F. et al. 2023).

We also argue, that in the following years
a shift between layers will be observable: as
more and more digital services are (and will
be) used in agriculture, the importance of
Layer 5 increases. The importance of Layer 4
may decrease, but just slightly: one part of the
new (online) services may decrease the impor-
tance of Layer 4; it cannot, however, vanish,
since — as we have seen — in the case of a lot
of services, physical proximity is relevant. The
increasing importance of Layer 5 and of the
formed long-distance connections are recent
developments: the new layer emerged in the
1990s and is getting increasingly important as
new technologies advance.

Describing business connections with dif-
ferent network layers adds to the research-
ability and to a more nuanced understanding
of these connections. With different layers,
layer structures, and different connections,
business connections of agricultural produc-
ers may be quantifiable and describable in
network terms and with network indexes
and metrics. The use of the same indices and
metrics can allow us to compare layers, con-
nections, and whole structures more precisely
and compare, for example, network dynamics
or make suggestions where new nodes (e.g. a
service provider) need to be placed.

Limitations

There are two limitations of the research.
First, the collected data comes from a small
part of Hungary (only two counties), repre-
senting the agribusinesses in the given coun-
ties. A second limitation comes from the fact
that in the research snowball sampling was
used, which means that the collected data is
not independent: some of the agribusinesses
providing data are closely connected.
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These limitations are partly due to the fact
mentioned above that data collection connect-
ed to actual business activities is not accessi-
ble. Thus, on the one hand, results connected
to increased online service use based on cur-
rent data collection may not be generalizable.
On the other hand, the digital transformation
of agriculture is described in many contexts;
thus, a digital turn is taking place today,
which implies the increased use of digital and
online infrastructure (e.g. DE Queiroz, D.M.
et al. 2022; Kapry, S. et al. 2024). This turn and
its implications allow for the more general
discussion described above.

Conclusions

The paper analysed the spatial characteristics
of service use of agribusinesses. Based on em-
pirical data, we have shown that traditional
services (such as banking or accounting) are
used in smaller or larger settlements near ag-
ribusiness; towns function as service hubs for
agribusinesses. We also pointed out that not
only towns but also villages may function
as hubs, assuming they provide at least one
crucial service connected to agribusiness. We
showed that business connections around ag-
ricultural producers may best described as
multilayer networks, where network layers
interact with each other.

As seen from the above considerations,
online service use will likely increase in the
future: the role of and the demand for non-
physical services is advancing. As we have
seen in our results, traditional services are
also likely to be used more online due to the
effects of the pandemic. This increase in on-
line service use will result in several changes
connected to geographical space. In the next
session, we summarize how the digital turn
may impact geographical space use connect-
ed to agriculture.

1) Transport and travel connected to agri-
cultural service use will decrease. As more
services are provided online and new servic-
es are partially or wholly online services, this
will result in a decrease in the actual physical

movement of both agribusiness employees
and employees of service providers. The
result will be less emissions and a slightly
smaller road traffic load.

2) In cyberspace, however, agribusiness
“space use” and network use will increase.
Since agriculture 4.0 is about live and con-
nected data and cloud computing, all this
data needs to be transferred between the ac-
tual equipment and a central farm computer
and between the farm and distant service
providers. Thus, geography-related analy-
sis of cyberspace structures must consider a
shift to more extended use of cyberspace by
agribusinesses (Batty, M. 1997).

3) The increased need for data transfer and
processing will have physical results: a sup-
porting infrastructure must be developed,
either on single farms or in smaller regions.
Since wireless data transfer is a key factor for
agriculture 4.0, sufficient internet bandwidth is
essential (DesaucHE, O. et al. 2021). Connected
to this demand, new equipment and infrastruc-
ture (e.g. towers, relay stations) are needed.

4) As results indicate, for essential services,
it is vital to maintain physical service access
points as physical spaces or via mobile advi-
sors. This is essential for agriculture service
providers: as opposed to the assumption, the
need for physical contact did not decrease.

5) Centres for more traditional agricultural
services will be towns near agribusinesses. In
contrast, centres for new, digital services will
be located in knowledge-intense, primarily
urban, large city areas, where service provid-
ers operate mainly globally.

Thus, recent changes in agricultural service
use will have a double impact: while the use
and need for physical space and structure
will remain the same or slightly decrease, the
infrastructure connected to digital agricul-
ture — both in physical space and cyberspace
—will increase, generating much more online
traffic in and around agribusinesses.

Future research may analyse, through inter-
views, how location influences the choice of
service providers connected to agribusinesses.
The results would not only shed light on the
underlying decision processes but also provide
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valuable information on how service providers
may best choose a location for their services.
Another research direction is carrying out
detailed interviews connected to existing or
planned digitalization in given agribusinesses.
Results could show how future developments
of a given agribusiness will impact the digital
infrastructure around agribusinesses.
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