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Abstract

Food supplies meet the basic human needs for food. The system of their production and delivery to the
places of consumption determines this need's degree of satisfaction. The study aims to assess the impact
of wholesale trade development and identify spatial effects on the variability of marketable food products'
volume. The analysis was performed using hierarchical spatial autoregressive models (HSAR). This
method allows analysing indicators within several data aggregation (municipality, region) and
highlighting spatial effects. The analysis is carried out in 2,319 municipalities included in 84 subjects of
the Russian Federation in 2018. The results show that HSAR model describes processes better than the
hierarchical linear model ignoring spatial interactions. Using the hierarchical linear modelling tools, the
paper analyses the indicators aggregated at two territorial division (municipality, region). HSAR model
amplifies the results obtained by evaluating spatial iterations by applying a spatial matrix at the regional
level. As a result, the analysis takes into account both spatial heterogeneity and data nesting. The
constructed model shows that the volume of income transfers to the population and taxable income, the
wholesale turnover, as well as the development of neighboring areas, have a positive impact on the
volume of marketable food products in municipalities. The proposed approach to analysis improves the
quality of decisions when determining the location of enterprises, as well as allows for a better approach
to the area development by state authorities.
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1. Introduction

The volume of marketable food products shows the volume of food products sold to end-users,
including flour products, meat, vegetables, and fruits. Food products meet the essential need — the need
for food. However, due to climatic conditions, it is not always possible to produce the necessary food
products in places where people live. In the far North, it is costly to grow food products even in
greenhouses. The problem of high production costs also arises in the processing industry, which is
associated with the need to heat production facilities almost all year round. The mismatch between places
of production and consumption occurs not only in areas with very low temperatures (for example, Russia,
Canada, the Netherlands) and in hot countries (for example, Australia, Africa). Wholesale companies
solve the problem of moving goods from producer regions to consumer regions. They deliver products
produced in other territories to these areas for subsequent sale to retail enterprises at their own expense
and risk. However, it is not only wholesale enterprises' functioning that is important for saturating the
market with goods. A positive influence is provided by the proximity to territories that are more favorable
for food production. The closer such territories are located, the more accessible products become to the
population.

This work is of interest to wholesale and manufacturing companies seeking to expand their sales
markets. Much research shows interest in determining such enterprises' optimal location (Ge et al., 2019;
Ketokivi et al., 2017; Quynh et al., 2020). Scientists also note the role that policy plays in influencing
location decisions (Holmes & Stevens, 2004; Zheng & Shi, 2018). Therefore, the study of the spatial
aspect in the volume of marketable food products is essential not only for organizations but also for
public authorities. This economic analysis can guide territorial development plans for enterprises,

municipalities, and regions.

2. Problem Statement

In practice, quite often there are situations in which the place of residence does not coincide with
producing goods that people buy for consumption. The mismatch between production and consumption is
not only related to territorial gaps. There are gaps in time associated with the maturation of vegetables,
fruits, and other plants used in food products production. In these conditions, the question arises of the
most effective products from places of production to places of consumption (Etemadnia et al., 2015; Holl
& Mariotti, 2017). Wholesale companies play an essential role in this. They direct the flow of goods to
the final consumer, occupying an intermediate position between the manufacturing and retail sectors in
the distribution channel. They impact the performance of producers (Cook et al., 2011) and the
satisfaction of the population with goods (Sadigh et al., 2013). Scientists studied the issues of placing
wholesale enterprises in different perspectives. Philbrick (2005) singled out wholesale as part of the
idealized seven-fold nested areal hierarchy of economic functions. Tian and Zhang (2019) analyzed
spatial correlations of the logistics industry. Di Berardino et al. (2017) investigate the relationship
between distributive trade (wholesale and retail trade) and productivity growth. Other scientists have
searched for optimal wholesalers and regional fresh production facilities regarding the production, import,

and consumption of fresh products (Ge et al., 2018). The main drawback of these studies is that they
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attempt to assess wholesale trade's relationship with the results of producers and consumers of goods
without taking into account the spatial interaction that occurs between wholesalers in the distribution
channel or only spatial interactions. A natural obstacle for the generalized analysis until quite recently
was a different data aggregation. If consumption can be estimated at the local level, then wholesale
usually covers a group of areas, serving the flow of goods in the distribution channel between them. Thus,
it was necessary to compare the regions and municipalities' data, which complicates the model quality
assessment.

Hierarchical spatial autoregressive models (HSAR) allows assessing the relationship between the
volume of food sales and the development of wholesale trade, with the allocation of spatial effects.
However, this requires the data to be nested and have spatial dependencies (Cellmer et al., 2019). The
hierarchical dependence of data describing the volume of marketable food products carried out at the
level of municipalities and wholesale trade at the level of regions has been noted repeatedly. Some noted
the multilevel process (Sadigh et al., 2013) and the hierarchy of supply chain (Kichikawa et al., 2019);
others noted the hierarchy of functional areas (Philbrick, 2005). Thus, on the one hand, the hierarchical
relationship is manifested in the wholesale-retail-consumer sequence, in which revenue determines retail
sales, and retail sales depend on the goods delivered in bulk. On the other hand, there is a hierarchy of
areas in which the consumption of food products in municipalities depends on the wholesale shipments
delivered to the region they belong to. As for spatial relationships, they are manifested directly in the
consumption, production, and distribution process (Fan & Liu, 2020; Hylton & Ross, 2017; Khushi et al.,
2020; Ye & Wei, 2005). Scientists note that the high spatial autocorrelation of within-district gaps of food
production and consumption observed in the province indicates that inequality is driven by location
dynamics (Khushi et al., 2020).

Thus, HSARs allow analysing the volume of marketable food products in municipalities.
However, data on wholesale trade turnover is aggregated at the level of the region in which municipalities
are included and data on personal income at the municipalities' level in the regions. Wholesale trade
aggregation at the regional level is since wholesale enterprises supply goods in large quantities for a
group of municipalities, rather than for each of them. The proposed method also allows taking into
account the proximity to other regions, including those located in more favorable climatic conditions

suitable for the production of food products.
3. Research Questions

Several vital issues can be highlighted in this study. First, it is necessary to determine how much
municipalities' variability in the volume of marketable food products is related to the municipal districts.
Perhaps in this variation, it matters which region the municipality is located in (H1). The next question is
related to assessing how much the volume of marketable food products depends on income transfers to
the population and taxable income since they affect demand (H2). Further, the model can be used to
estimate the impact of wholesale enterprises' activities on the volume of marketable food products in the
region (H3). Finally, whether the development of neighboring territories has a positive effect on the

volume of marketable food products (H4).

975


http://dx.doi.org/

https://doi.org/10.15405/epsbs.2021.04.103

Corresponding Author: Venera Timiryanova

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

4. Purpose of the Study

This study aims to assess the impact of wholesale trade development and identify spatial effects on

the variability of the volume of marketable food products.
5. Research Methods

Several models are built sequentially in this work. At the first step, a null hierarchical linear model
(HLM) is built, which does not include independent variables and does not evaluate spatial effects. The
within-group and between-group variations calculated during its construction allow estimating the
intraclass correlation coefficient (ICC) (Raudenbush et al., 2011). This coefficient allows determining the
region's share in the variability of the indicator at the municipal level. The null model is also used for
comparison with subsequent models, making it possible to judge the significance of the factors involved.
The full HSAR model includes predictors at the municipal (lower) and regional (upper) levels, and
evaluates spatial interactions:

Level 1 (lower, municipalities):

FPjj = Boj + Pajliy + 13 (1)
Level 2 (upper, regions):

Boj = Yoo+ Yo1D; + bo 2
Spatial dependence:

by = AWWbh, + u, (3)

where FP;j — the volume of all marketable food products in retail trade per capita in the i-th
municipality of the j-th region of the Russian Federation, thousand rubles/person;
I;; — the volume of income transfers to the population and taxable income per capita in the i-th
municipality included in the j-th region, thousand rubles/person;
B — regression coefficient associated with /;
rijx— random error associated with the municipality 7 in the region j;
Yoo— general intercept;
Yo1— regression coefficient associated with D relative to the level-1 intercept;
D, — indicator describing the volume of wholesale trade per capita in the j-th region;
A — parameters of spatial interactions;
W — spatial weight matrix at the upper level (1 if neighbors are with a common boundary and 0 if
another);
b, — vector of random effects for the absolute term;
u, — vector of random effects.
j — index for affiliation of a municipality to region (j=1, 2,...,84);
i — index for affiliation to a particular municipality (i=1, 2,...,2320)
If 2=0, this will give the full HLM model without assessing spatial interactions. If f;; =yo; =
A = 0, then the null HLM model is obtained.
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The dependent variable in the model is the volume of all marketable food products in retail trade

per capita in the i-th municipality of the j-th region of the Russian Federation (Figure 1).

The volume of marketable food products per capita 337

thousand rubles per capita

43
mean = 51,6
. 9 median= 44,9
The volume of income transfers to the population
and taxable income per capita 3492 .

thousand rubles per capita

accomam oxp 00 o @

16

mean = 230.6
median= 181.7

1864

thousand rubles per capita

6

mean = 234.8
median = 180.5

Source: compiled by the author according to the Federal State Statistics Service

Figure 1. Spatial order of the volume of marketable food products, personal income and wholesale trade
turnover in 2018
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The volume of all marketable food products in retail trade is an indicator of the turnover of retail
trade in food products, which is shown in the actual sales prices of such goods, including the marketing
margin, value-added tax, and other mandatory payments. The formation of retail trade turnover in food
products according to the methodology of the Federal State Statistics Service of the Russian Federation
(Order 595 of October 7, 2016) is carried out using the computational method using data from current
surveys on the forms of federal statistical observation and is determined as the result of the activities of
trade entities located on the municipality.

The model includes a control variable at the lower level: the amount of income transfers to the
population and taxable income in the i-th municipality included in the j-th region. It is a simplified analog
of the macroeconomic indicator of personal monetary income and characterizes the amount of money
received by the resident population within a municipal district (urban district), based on information
contained in the accounting systems for population data generated by tax authorities (on the size of the tax
base when calculating income tax for individuals and individual entrepreneurs), the Pension Fund of the
Russian Federation (on the amount of pensions and benefits paid) and executive authorities of the subjects
of the Russian Federation (on employment insurance paid, benefits paid when providing social support
measures, and other types of targeted social assistance to the population). The inclusion of this variable as
a reference at the lower level is determined by the significant impact of household income on demand
and, consequently, the volume of marketable goods (Aganbegyan, 2017; Dai & Sulila, 2020).

At the top level, the model includes a predictor of wholesale trade turnover per capita. It shows the
cost of shipped goods purchased earlier elsewhere for resale to legal entities and individual entrepreneurs
for professional use (processing or further sale). It only shows the turnover of organizations having
wholesale trade as the main economic activity. According to the methodology of the Federal State
Statistics Service of the Russian Federation (Order 301 of June 24, 2016), it is shown in actual sales
prices, including marketing margin, value-added tax, excise duty, export duty, customs duties, similar
mandatory payments, and also includes the volume of activity not observed by direct statistical methods.

The model provides an estimate of the spatial error. Spatial effects can be determined by applying
an adjacency matrix (W) that takes into account the proximity of first-order regions. When it was formed,
the assumption was made that the Kaliningrad Region had a border with the city of Saint Petersburg and
the Smolensk Region, with which it has sea and railway connections. This is done in order not to separate
this territory from the central part of the country.

As a result, the model validates the assumption that the volume of marketable food products (FP)
depends on a specific effect generated by the RF region, development of wholesale trade (D) in the
region, personal income (I) in municipalities and the achieved values of indicators of neighboring regions.

Information sources: Federal State Statistics Service (https://www.gks.ru/dbscripts/munst/) and
The Unified Interdepartmental Statistical Information System (https://www.fedstat.ru/). The analysis was
based on data from 2,319 municipalities in 84 regions of the Russian Federation in 2018. Municipalities

are defined as districts and cities in the Russian Federation.
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6. Findings

The development of econometric tools allows taking into account the flows formed at different
levels of administrative division and the spatial interactions of territories. This paper focuses on the
interaction between producer regions and consumer regions through wholesale trade. The Russian
Federation considered in this paper is characterized by various climatic conditions. There are identified
areas of food production, mainly located in the South, in more favourable climatic conditions, where

more land is suitable for growing vegetables, fruits, and livestock (Figure 2).

milliard rubles

Food production //ﬁ, 3 427HENTTT] 0

470, 1 EENNNTTT 0,1

bln rubles agricultural

production

extraction of
water resources

5,1 T O million hectares 1,0 BT T O million heads

1,7 T 0

million tons

Source: compiled by the author according to the Federal State Statistics Service

Figure 2. Spatial order of food production in 2018

The function of delivering food products to the Northern territories is performed by wholesale
trade. As can be seen in Figure 1, a relatively high volume of wholesale supplies per capita is accounted
for in the Northern regions and the regions located next to them. At the same time, higher per capita sales
of food products correlate with the average per capita personal income.

The constructed models allowed confirming the formulated hypotheses (Table 1). Despite a slight
decrease in the reliability estimate, there is a decrease in deviance, ICC, and an increase in the log-
likelihood function value. This indicates that the model's complexity allows reducing the unexplained part
of the variability in the volume of marketable food products.

The calculation of the intraclass correlation coefficient (ICC) in the zero model showed that the
upper level of the administrative division hierarchy significantly affected the values achieved by
municipalities in the indicator "Volume of marketable food products per capita".

In the two-level model, the influence of the Russian Federation's subjects' level is 39%. That is, the

variation in the value of the volume of marketable food products per capita is only 61% related to the
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characteristics of the municipalities, and the rest is determined by the region in which these municipalities

are located. Thus, the H1 hypothesis is confirmed.

Table 1. Estimated results of the models

Coefficient Model 1 Model 2 Model 3 Model 4
53.2%%* 39 .4%%:* 33 5%%* 34 8%**
Intercept, 00 (2.24) (4.54) (4.73) (3.19)
The volume of
income transfers
to the population 0.05** 0.05** 0.05%**
~ and taxable (0.018) (0.017) (0.004)
mcome per capita,
B1
The volume of 0.03%* 0.02*
wholesale trade
per capita, y01 (0.012) (0.009)
Spatial %
interactions, A 0.43
ICC 0.39 0.27 0.25 0.22
Reliability 0.917 0.871 0.866 0.863
estimate
The value of the
log-likelihood -10843.7 -10674.8 -10672.3 -10662.5
function
Deviance 21687.4 21349.5 21344.5 21324.97
Regular HLM vs.
HLM with spatial ¥ statistic =
dependence model 7.25%%*

comparison test

**%* p-value<0.001 ** p-value<0.01 * p-value<0.05, the standard errors in brackets

All factors included in the latter model and all intermediate models are significant. After factor
variables were included, the ICC decreased to 22%, showing the unexplained part of the influence of the
RF subjects. For further analysis, the values of the regression equation factors presented in Table 1 are
important.

A positive value of the factors indicates a unidirectional change in the factors and the dependent
variable, that is, with the growth of wholesaling and income sales of food products within the limits of
municipal areas and city districts will increase. Thus, the H2 and H3 hypotheses are confirmed.

Including spatial interactions in the model allows assessing how neighboring territories'
development affects the volume of marketable food products. A positive factor value indicates that the
spatial environment has a positive effect (H4). The comparison test result showed that the latter model

with a spatial component was better () statistic of 7.25, df = 1, p = 0.007).
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7. Conclusion

This study allowed assessing the impact of wholesale trade development and identifying spatial
effects in variations in marketable food products' volume. The constructed HSAM showed that the
volume of social payments and personal income, the turnover of wholesale enterprises and distributors, as
well as the development of neighboring areas, had a positive impact on the volume of marketable food
products in municipalities. Consequently, with an increase in the level of personal income, food products'
consumption will increase. The development of wholesale trade in wholesalers and distributors will
contribute to markets' saturation with goods, contributing to higher demand satisfaction. At the same
time, keeping the intercept value high enough indicates the presence of other essential factors not taken
into account by the author. Highlighting the model error associated with spatial interactions indicates that
there are factors determined by neighboring territories that affect the volume of marketable food products.
Therefore, the subsequent analysis should also be directed to the study of these factors.

The advantage of the analysis is that the model simultaneously allows combining data aggregated
at the municipalities' level and the region they belong to. Simultaneously, it allowed taking into account
spatial effects, showing that changes do not occur separately. There are disadvantages of the study, which
are determined by the peculiarities of data collection in Russia. The value of wholesale trade turnover
includes data on both food and non-food products that are completely ready for consumption, and
components, taking into account the results of work of both wholesalers and distributors, suppliers, and
other organizations engaged in logistics management.

Despite the noted disadvantages, the model has many prospects for further application. It allows
businesses and other stakeholders, including the state, to decide the location policy when forming a

territory development plan.
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