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A logistics model of sustainable food supply of the region

Abstract. Introduction. The problem of sustainable food supply is connected with the optimisation of the distribution of food
flows and determined by the quantity of food in terms of per capita consumption, energy value and availability of nutrients. The
purpose of the article is to develop a logistics model of sustainable food supply in the region and test it on the example of Saratov
region of Russia. Methods. In the process of economic-mathematical modelling, the authors used econometric and logistics
methods. Results. The article describes the authors’ approach to building local food systems. A two-level model of demand
for food products was substantiated. The conducted calculations of the indicators of sustainability of the local food systems of
Saratov region for the most important types of food products show that three local food systems centred in towns of Kalininsk,
Novouzensk and Ershov are fully food self-sufficient. The local food systems of the towns of Volsk, Balashov and Balakovo have
difficulties in the matters of self-sufficiency in meat products; and the local food systems of the city of Saratov and the town of
Engels have to import meat and milk in order to have quality and sustainable provision of the population with such products.
Conclusions. The use of the logistics approach allows us to develop a universal algorithm for the assessment of the overall
sustainability of food supply of the region, consider the impact of transportation costs on food consumption by the population,
substantiate the rational logistics and delivery routes of agricultural production for its further processing, which will increase the
overall sustainability of food supply in a particular region.
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Jlornuctnyeckasa mogenb ycToi4nBoro NpofoBoJIbCTBEHHOrO o6ecneYyeHunsl permoHa

AHHOTauus. B cTaTbe n3noXeH aBTOPCKUIA NOAX04 K (DOPMUPOBaHIIO JIOKaSIbHbIX MPOJOBOSIbCTBEHHbLIX CUCTEM M 060CHOBaHa
[BYXYpOBHEBasi Mofenb Crpoca Ha MPOAOBONbCTBEHHblE ToBapbl. ABTOpamMu paspaboTaHa 3KOHOMMKO-MaTemMaTuyeckas
MOfieNb YCTONYMBOCTW NPOAOBONBCTBEHHOrO 06eCrneyeHns, a TakKe NPEASIoKEHb! pauMoHabHbIe JIOrMCTUYeCKUe MapLLpyThl
[OCTaBKM CEIbCKOXO3ANCTBEHHOMO ChIPbs B HACENEHHbIE MYHKTbI PEr1oHa Ans ero nocnegyLlein nepepaboTku. BeiseneHo, 4To
1Crnonb30BaHUe NPEAIoKEHHOro JIOrMCTUYECKOro NOAXOAA NO3BOMSIET BbipaboTaTb YHUBEPCASbHbIA anropuTM OLEHKM YPOBHS
YCTONYMBOCTMN NPOJOBOSIbCTBEHHOrO 06ECMNEYEHUSI PETVIOHOB C Y4ETOM BIMSIHUS TPAHCMOPTHBIX 3aTpar.

KnioueBble cnoBa: nokasnbHble CUCTEMbI; NMPOAOBOSILCTBEHHbIE MOTOKMW; YCTOMHYNBOCTbL; cbanaHCpoBaHHOCTL; CapartoBckas

06nacTb; NIOrNCTUKA; CENbCKOXO3ANCTBEHHAS npoaykuna; npoaoBOJibCTBEHHAA 6e30nacHoOCTb.

1. Introduction

In modern conditions of the development of regional eco-
nomy, the issues of achievement of sustainability based at
balanced supplies on the food market are becoming increa-
singly important. Therefore, the sustainability of food supply
may act as an optimal criterion focused on the effective deve-
lopment of agricultural producers at better meeting the needs
of population in quality and adequate nutrition.

2. Brief Literature Review

From a regional perspective, there exist different metho-
dological approaches to assess the balance of food supply,
the main of which are: the multicriteria approach and a com-
bination of mathematical programming methods [1]; cluster
analysis [2]; determination of the ratio of effective demand and
supply in the food market [3]; comparison of the level of ma-
nufacture and consumption of agricultural products [4]; con-
formity assessment of the price level in relation to the real
value of food products [5]; determination of the possibility of
achieving the criteria of the balanced nutrition by the popula-
tion [6]. In the world practice, traditional characteristics of the
food market, which are the capacity, the potential, the degree
of saturation, the level of self-sufficiency, competition, the de-
gree of import penetration, etc., are used to assess the sus-
tainability of food supply. However, ways of food distribution,
which are social and economic in origin, also have significant
influence [7-8].

Modern regional development is closely connected with
the concept of economic instability and new technical know-
ledge [9]. The process of sustainability provision is inextrica-
bly linked with the rational use of resources of the food sys-
tem and the need to reduce costs and improve economic ef-
ficiency of management [10]. One of such mechanisms, ac-
cording to the authors, is the formation of «Local food sys-
tems» and «Alternative agro-food networks» operating within
their framework. Both concepts are associated with the crea-
tion of conditions for fast (preferably without intermediaries)
access of consumers to local food and are considered from
the perspective of new models of interaction between produ-
cers, suppliers and consumers, based, on the one hand, on
individual socio-economic, natural-climatic and other charac-
teristics of specific territories and, on the other hand on the
desire to avoid displacement of local food producers from the
market [11-12], their support in order to achieve a higher level
of self-sufficiency and reducing dependence on imports [13].
The operation of alternative agro-food networks is connec-
ted with the boundaries of the geographical area ranging from
50 km to 100 km from the point of their production [14]. They
are focused on specific food product sales (agricultural fairs,
specialised food stores, direct purchase from producers, tar-
geted supply of food, etc.), including the use of «short food
supply chains», which allows to provide farmers with more fa-
vourable conditions for management [15-16].

Along with this, it is impossible to organise food supply
without taking into account the provisions of the basic world
theories of regional development, such as the core-periphery
model suggested by John Friedman (1966) [17] and the theo-
ry of competitive advantages by P. Krugman (1991) [18], un-
der which large regional centres through the use of compe-
titive factors reducing the economic costs will always take in
resources from the periphery. In addition, it is the urban po-
pulation who primarily supports the effective demand for food.

It is important to take into account aspects such as the
volumes of production, the features of the market, as well as,
its infrastructure and the operators’ actions [19]. The city has a
direct impact on the farmer as it accumulates almost all avai-
lable opportunities to replenish the inventory and equipment,
purchase household and industrial products, attract credit re-
sources, etc. All this gives grounds to consider large urban
communities in local food systems to be the main centres
where infrastructure facilities for processing agricultural pro-
ducts and food consumption [20- 22], along with gross in-
come, investment capital, skilled labour and scientific poten-
tial, are concentrated [23-24].

3. The purpose of the article is to develop a logistics
model of food supply of the region and test it on the example
of Saratov region.

4. Results

Timely sales and payments for manufactured agricultural
products are most important for regional agriculture, as these
conditions have the most significant stimulating effect on ag-
ricultural production, provide a basis for stability and give the
farmer confidence in the future.

The vast majority of manufactured agricultural products are
sold by farmers to processing companies. Agricultural produ-
cers are interested in the opportunity to sell their products in
a short period of time; also they desire to avoid the influence
of external adverse factors, to minimise their expenses and to
quickly and efficiently prepare for the next agricultural season.
These are large processing companies which are able to accu-
mulate substantial stocks of food raw materials, to efficiently
process non durable products and to carry out quick payments
to farmers, which optimally matches all the mentioned criteria.

A general scheme of operation of the local food systems
is shown in Figure 1.

Fig. 1: General scheme of the local food systems operation
Source: Compiled by the authors

Vorotnikov, ., Sukhanova, |., Tretyak, L., & Baskakov, S. / Economic Annals-XXI (2017), 164(3-4), 94-98

95



PRODUCTIVE FORCES DEVELOPMENT AND REGIONAL ECONOMY

In practice, coordination of economic and social interests
of various actors in the food market is carried out through the
pricing mechanism, which is directly connected with the trans-
portation costs of the delivery of raw agricultural products to
processing sites and the delivery of finished food products to
the consumer.

The trade and transport infrastructure also has a direct
impact on this process, the degree of development of which
determines not only the possibility of selling agricultural pro-
ducts, but also the feasibility of farming. The data presen-
ted in Table 1 and Table 2 clearly confirm that when the trade
and transport infrastructure is of sufficient quality, this can be
viewed as an additional factor that improves farmers’ motiva-
tion and interest in increasing their labour productivity.

From the perspective of agricultural producers, trans-
portation costs affect the purchase price and reduce it.
However, farmers are not interested in self-storage of ma-
nufactured products until the favourable market conditions
are created. As a consequence, farmers will falways be
aimed at developing nearby markets to minimise losses.
From the perspective of the consumer, transportation costs
also affect the consumer price in terms of increasing it,
which leads to a reduction in the volume of food consump-
tion. In practice, consumers focus on purchasing cheaper
local products, so as not to limit their consumption. It is al-
so worth noting that there is an objective process of ex-
panding the influence of one or another large centre on the
adjacent areas because of the fact that the more the fi-
nal consumption of food products is, the less important the
transportation costs are, as they are compensated for by
the increasing selling price.

Tab. 1: Coefficient of quality of trade and transport infrastructure

of the individual EU countries and Russia

the more remote districts, until the total value of food flow fully
meets the needs of urban community. Hence, in order to sell
the remaining agricultural products, other markets should be
sought for.

(1)

where:

Tp1 - transportation costs for the delivery of raw agricul-
tural products from producers to processing sites;

V1 - sales of the manufactured agricultural products,
thousand tons;

Ve - the production volume of the private subsidiary farms
used by rural residents for personal consumption, thousand tons;

q - transportation costs of 1 kg of cargo per 1 km, RUR
(Russian rubles);

L - the distance from the place of manufacturing of spe-
cific agricultural products to the nearest processing plant, km.

Transportation costs for the delivery of final products to
the places of their sales are limited only by a maximum possi-
ble volume of consumption by residents in large urban com-
munities and the scale of displacement within the city, which
is the centre of local food system (Formula 2).

@)

where:
Tp2 - transportation costs for the delivery of finished food
products to the consumer;
V2 - the volume of food consumption;
Lin - the scale of displacement of food within the local
food system.

Unlike the existing approaches, the pro-
posed approach to the determination of the
degree of influence of transportation costs
on the volume of the food consumed in the
region considers the deviation from the clas-
sical «supply and demand» scheme and the
use of a two-level analysis of the demand
for agricultural products. In the first case,
it is a fundamental demand for agricultural
products generated by agricultural proces-

Source: http://data.trendeconomy.ru/indicators/Logistics_Performance_Index_Qual-
ity_Of_Trade_And_Transportrelated_Infrastructure_Low_To_High/France?country=
Germany,ltaly,Russia,Spain

Tab. 2: Average level of agricultural production in the regions
of individual EU countries and Russia in current prices, EUR million

Note: * - The calculation is based on the administrative division of Germany into
16 lands, France into 26 regions, ltaly into 20 regions, Spain into 17 autonomies,
Russia into 83 regions.

** - The corresponding data are planned for publication by the State Statistics
Committee of the Russian Federation in late 2017

Source: http://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&plugin=1&pcod
e=tag00102&language=en
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/
catalog/doc_1138623506156

The transportation costs of the delivery of raw agricultural
products to the processing sites will depend on the difference
between the volume of regional agricultural production and the
value of local consumption, as well as in the degree of remote-
ness of agricultural producers from the markets (Formula 1).
This means that in order to minimise the producers’ transpor-
tation costs, to a processing site agricultural products from the
surrounding districts will be delivered primarily, and then from

where:
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sing companies. In the second case it is the
demand of the population for the products
of the processing enterprises.

It makes sense to present the sustaina-
bility of food supply in the form of a balanced
condition of production and consumption of
food of the (j) nomenclature in (i) of the local
food system, estimated from the position of
the purchase price and the selling price, as
well as producers’ transportation costs for
the delivery of raw agricultural products to
processing sites and the delivery of finished
food products to the consumer.

In these conditions, the overall sustainabi-
lity (balance) of food systems of the region
will be characterised by the degree of custo-
mer’s satisfaction with food supply (econo-
mic, physical accessibility, quality, etc.) and
the degree of agricultural producers’ satisfac-
tion with the result of their own economic ac-
tivity (profitability, profit earning capacity, etc.).
Both criteria in this model are expressed as the
difference between the total estimation of the
volumes of produced and consumed foods
and transportation costs for their delivery:

©)

S§14j - the volume of produced foods;

$2ij - the volume of consumed foods.

Consequently, the following conditions act as limitations
in the economical-mathematical model:


http://data.trendeconomy.ru/indicators/Logistics_Performance_Index_Quality_Of_Trade_And_Transportrelated_Infrastructure_Low_To_High/France%3Fcountry%3DGermany%2CItaly%2CRussia%2CSpain
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http://data.trendeconomy.ru/indicators/Logistics_Performance_Index_Quality_Of_Trade_And_Transportrelated_Infrastructure_Low_To_High/France%3Fcountry%3DGermany%2CItaly%2CRussia%2CSpain
http://ec.europa.eu/eurostat/tgm/table.do%3Ftab%3Dtable%26init%3D1%26plugin%3D1%26pcode%3Dtag00102%26language%3Den
http://ec.europa.eu/eurostat/tgm/table.do%3Ftab%3Dtable%26init%3D1%26plugin%3D1%26pcode%3Dtag00102%26language%3Den
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1138623506156
http://www.gks.ru/wps/wcm/connect/rosstat_main/rosstat/ru/statistics/publications/catalog/doc_1138623506156

“)

where:

V1 - the manufacturing volume of agricultural production;

V1 = V2 -the opportunity of having total self-sustainment of
a specific region in agricultural products of its own production;

V1 = Nrat - the level of nutrition of the population which
is not below the rational standard of consumption.

It should be kept in mind that the rural population tradi-
tionally seeks to achieve self-sustainment in food products.
Therefore, processing companies are focused on the de-
mand of the residents of large urban communities and the
surrounding areas, who do not run private subsidiary farms.
That is, the volume of consumed agricultural products V2ij
(Formula 5) is limited by the size of the urban population.

©)

where:

Ncityi - the number of the urban population in the i local
food system, people;

Rj - the rate of consumption j of food product, kg/year/
person.

Thus, the determination of the value of the production
volume of private subsidiary farms used by rural residents
for personal consumption will be directly related to the pur-
chase price of ¢1, because the actual sales do not happen
there.

Based on the proposed method of determining sustaina-
bility by setting the difference between the total value of the
volumes of produced and consumed foods and transporta-
tion costs for their delivery, under the conditions of balance
the point of sustainability of the food system will tend to the
figure of one:

©®)

where:

Bij - the indicator of sustainability of the food supply sys-
tem including transportation costs.

If the calculated value Bij< 1, then the production compo-
nent of food supply dominates in the district, if Bij> 1, the con-
sumer component is prevalent. It is expedient to develop pro-
cessing capacities of the agricultural sector, where the con-
sumer component is greater than the one of production, as
there is a financial basis for the activity of agricultural proces-
sing companies, i.e. an effective demand of the population for
food. Otherwise, additional ways of sales of agricultural pro-
ducts should be sought.

Thus, the final formula determining the sustainability of the
local food system including transportation costs takes the fol-
lowing form:

Tab. 3: Calculation of the indicators of sustainability of local food systems
in Saratov region by the most important types of food products

Source: Authors’ elaboration

PRODUCTIVE FORCES DEVELOPMENT AND REGIONAL ECONOMY

The analysis of the spatial logistic component of the pro-
posed model of the sustainability of food supply allowed
structuring the territory of the region into 8 main local food
systems with their centres in the towns of Saratov, Volsk, Ka-
lininsk, Balashov, Engels, Balakovo, Novouzensk and Ershov.

The conducted calculations of the indicators of sustai-
nability of the local food systems in the Saratov region based
at data of 2016 for the most important types of food products
are presented in Table 3.

The calculations show that three local food systems cen-
tered in towns of Kalininsk, Novouzensk and Ershov are fully
food self-sufficient and are able to guarantee the people high
quality food through their own capabilities. The local food sys-
tems of the towns of Volsk, Balashov and Balakovo have diffi-
culties in the matters of self-sufficiency in meat products; and
the local food systems of the city of Saratov and the town of
Engels have to import meat and milk in order to have quali-
ty and sustainable provision of the population with such pro-
ducts.

The comparative analysis of the manufactured and con-
sumed foods allowed us to determine the volumes of defi-
cient and excess foods relevant to the highlighted local food
systems, while the analysis of the distance between them al-
lowed us to substantiate rational logistic routes of the delivery
of raw agricultural products to specific communities of the re-
gion for their further processing and identify the overall vo-
lume of intraregional food flows:

a) for bread and flour products: the additional transportation
of raw products is not required within the region, the dis-
tricts of the region are fully self-sufficient in cereals;

b) for meat and meat products: with the focus on the city of
Saratov - from the local food systems of the town of Ka-
lininsk (up to 3.9 thousand tons annually) and the town of
Balashov (up to 5 thousand tons); with the focus on the
town of Engels - from the local food systems of the town
of Novouzensk (up to 7.7 thousand tons) and the town of
Ershov (up to 7.9 thousand tons);

c) for milk and dairy products: with the focus on the city of Sara-
tov - from the local food systems of the town of Volsk (up to
8.6 thousand tons), the town of Kalininsk (up to 18.6 thou-
sand tons annually), the town of Balashov (up to 22 thousand
tons), the town of Ershov (up to 112.6 thousand tons) and the
town of Novouzensk (up to 88.9 thousand tons); with the fo-
cus on the town of Engels - from the local food systems of
the town of Balakovo (up to 2 thousand tons) and the town
of Novouzensk (up to 6.4 tons).

Transportation costs for the delivery of agricultural
products to processing sites within the region were RUR
269.1 million, and they were RUR 251.7 million for the deli-
very to the places of retail sales and final consumption. The
total transportation costs for agricultural producers and pro-
cessors do not exceed 1.3% of the value of all manufac-
tured food products. However, the calculations show that
when delivering agricultural products over a distance of
89 km, transportation costs can be greater or equal to the

total value of the trans-

ported food, which is

@) a significant factor of

influence on both the

economic expediency

of farming in specific

communities of the region, and the
final selling price of food products.

5. Conclusions

Based on the foregoing, it can be
concluded that the use of the pro-
posed approach in relation to diffe-
rent economic systems will make it
possible to develop a universal al-
gorithm for the assessment of the
overall balance of food supply of
the specific regions. Also, this tech-
nique enables estimating the level
of sustainability of food supply in
the region, to consider the impact
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of transportation costs on food consumption, as well as to volume of intraregional food flows that will provide the maxi-
substantiate the rational logistics routes for the delivery of mum coverage of the region area with quality food products

raw agricultural products to specific communities of the re- of its own production and increase the sustainability of food
gion for their further processing and to determine the overall supply of the region.
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