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Abstract. The article considers indicators that can be used for evaluating the condition of food security
in the region. Taking into consideration the approaches existing in scientific literature, the authors have
substantiated optimal and critical values of the ratios of sufficiency of consumption and affordability of
food. Statistical data on the Vologda Oblast have been processed and on this basis the economic-mathematical
models have been built, which reflect the influence of various factors on food security. The authors have
determined that the main factors include the per capita volume of import and domestic production of food,
the level of intensity of agriculture and economic activity of population, and the proportion of residents with
incomes below the subsistence level. Trend models have been composed for each of the factor variables;
these models, with the help of extrapolation method, have been used for calculating forecast values and
determining the parameters of the coefficients of sufficiency of consumption and economic affordability
of food. The revealed relationships have helped identify key areas of regional policy that contribute to
improvement of food security in the Vologda Oblast.
Key words: food security in the region, economic-mathematical model, sufficiency of consumption
and economic accessibility of food.
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The issues concerning identification of
threats to economic security and substantiation of mechanisms to neutralize them are
becoming very acute in the context of increasing openness of the Russian economy.
Food security acquires critical importance.
This is caused primarily by the fact that,
since food consumption is a vital necessity
of population, the creation of conditions to
provide food of appropriate quality in the
required amount and for affordable prices is
one of the priorities for authorities at all levels.
The analysis of statistics data allows us to
say that the tools currently used in public and
municipal administration do not ensure a
fully acceptable level of food security in
Russia. For example, although every resident
of Russia has the opportunity to purchase
food, it is largely supported by import. In
2013 the share of import accounted for nearly
24% in the total amount of consumed milk,
as for meat, this figure was 23% (fig. 1). The
demand for some foodstuffs is covered partly

by supplies from abroad. Therefore, measures
to promote competition in the domestic
market, the customs-tariff regulation, promotion of agricultural production do not reduce the risk of food shortages as a result of
termination (reduction of volume) of import.
The issue of food security in Russia is
aggravated by problems in the sectors such as
storing, processing and distribution of food to
the population. The Strategy for development
of food and processing industry in Russia
for the period up to 2020 [5] indicates that
the production capacities of flour and grain
mill, baking, sugar, dairy and meat industries
are mostly physically and morally obsolete
(depreciation of equipment is 70–80%), and
they are used by less than half.
In general, economic affordability of food
remains low. This is caused largely by the
excess of food prices growth rate compared
to the growth rate of real monetary incomes
of population, which leads to a decrease in
their purchasing power (fig. 2).

Figure 1. Share of food import in Russia in total consumption, %
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Figure 2. Growth rate of consumer food prices and real disposable
money incomes of Russia’s population, in % to 2008
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Therefore, in the near future, state and
municipal authorities should solve the problem of expanding citizens’ opportunities to
purchase high-quality food.
There are other issues of food security in
Russia that urge governments at all levels to
take appropriate and timely measures. In
particular, it is necessary to reduce the degree
of monopolization of agricultural market by
foreign companies1, to deprive them of an
opportunity to control agricultural land2.
1
In 2012, according to the Ministry of Agriculture of
Russia [8], foreign companies accounted for almost 60% of
milk processing market, 70% of juice market, more than 80%
of the market of frozen vegetables, fruits and brewing and about
90% of the market of canned fruit and vegetables.
2
According to the data of the Russian agricultural portal
[2], the Swedish investment fund “Black Earth Farming”
through its subsidiary Russian company “Agro-invest” controls
about 300 thousand hectares in the Central Black Earth region;
the Danish company “Trigon Agri” controls 100 thousand
hectares in the Penza and Samara oblasts, the Kazakhstan
company “Ivolga-holding” controls about 500 thousand
hectares.
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At the same time, another important issue
for the management of food security at the
regional level is connected with the absence
of a mathematical model to assess and
forecast its condition, taking into account
the set of factors that influence supply and
demand on the regional food market. This
article is devoted to the solution of this
problem.
The summary of a number of works of
Russian scientists [1, 4] provided an opportunity to determine the set of conditions that
ensures food security at the regional level.
They consist in the ability of the system of
production, storage, processing, wholesale
and retail trade of food products to satisfy
(consistently and evenly throughout a year)
the needs of all social groups in the volume
of consumption that meets evidence-based
medical standards.
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At the same time, and it is also important,
economic entities involved in the production
and sales of food, must function in the mode
of extended reproduction.
Therefore, a crucial requirement to ensure
food security in the region is the sufficiency
of consumption of basic foodstuffs. In our
opinion, its level can be estimated by using the
coefficient (Csf ), which represents the ratio
of the actual amount of consumption of the
i-th food (Ca ) to the amount corresponding
to rational standards (Cs ) 3:
ɋ sf =

Ca
.
Cs

(1)

If the value of the coefficient is one unit,
we can talk about the optimal level of
sufficiency of food consumption. It will
become critical when the value of the
coefficient of sufficiency (Csf ) will be less than
the ratio of the amount of consumption of
the i-th food product according to medical
standards to the appropriate volume in the
minimum consumer basket.
Our calculations show that the lower
threshold of the coefficient of sufficiency
in 2012 was as follows: for potato – 0.85,
for milk – 0.87, for meat and meat products – 0.74, for vegetables – 0.80, for
eggs – 0.79.
Another important requirement for
ensuring food security in the region lies in
economic affordability of food for the
population. Its level can be measured using
the index (Cab ), which represents the ratio
3

Rational norms of food products consumption have
been approved by the Order of the Ministry of Health and
Social Development of the Russian Federation of August 2,
2010, No. 593n.
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of the value of consumer (food) basket (Vcb )
to average per capita income (I ):
ɋ ab =

Vcb
×100.
I

(2)

We shall consider the lower threshold of
the share of expenditures on food in household
budgets to be 10% (optimal level). This level
is typical for the average resident of the
United States and developed countries such
as the UK, Switzerland [7]. If the cost of
the minimum set of food products in the
total expenditure ranges from 10 to 20%,
the affordability of food can be considered
average. This level is observed in France,
Spain, Italy, Portugal. If the share of food
expenditure is more than 20% but less than
30%, this indicates the low standard of living,
and, consequently, low economic access to
food (Latvia, Estonia).
When the ratio exceeds 30%, there are
significant difficulties in the purchase of
foodstuffs, i.e. we can say that the level of
their economic affordability is critical
(Belarus, Ukraine, Moldova).
Thus, modeling the values of the above
coefficients, it is possible to forecast the level
of food security in the region, and to identify
the reserves for its improvement.
We have determined the degree of influence of various factors on the dynamics of
food consumption sufficiency in the course
of conducting the correlation-regression analysis of the data from the official statistical
reporting on the Vologda Oblast for 2000–
2011. The results of the calculations show
that the greatest impact on achieving an
optimal level of this coefficient is caused by
factors such as the size of the cultivated area
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(for potatoes), population of cows and
birds (for milk and eggs). A general view of
economic-mathematical models is presented in table 1.
They all describe a significant proportion
of the explained variation, and they are
significant according to the Fisher’s F-test.
The obtained equations show that the
level of per capita consumption of milk, meat
and eggs can be optimized either by increa-

sing their import or enhancing domestic
production, or accelerating the intensification
of agribusiness in the region.
The economic availability of food, as it is
evidenced by the results of the regression
analysis, is influenced significantly by factors
that characterize the standard of living.
Thus, if the proportion of residents with
incomes below the subsistence level increases by 1%, the coefficient of affordability will

Table 1. Results of simulation of the ratio of efficiency of consumption of foodstuffs
Equation of the model

Notation conventions

Cpotato – coefficient of satisfaction of per capita demand for potato, %
X1 – import of potato, including from abroad, kg/person
X – production of potato, kg/person
Cpotato = -0.512 - 0.039 × X1 + 0.002 × Х2 - 0.003 × Х3 + 2
X3 – industrial consumption of potato, kg/person
+ 0.007 × Х4 + 88.105 × Х5 – 0.002 × Х6
X4 – export of potato, including to other countries, kg/person
X5 – area for potato cultivation, ha/person
X6 – Potato yield, centners/hectare

Cmilk = 0.051 + 0.002 × X1 + 0.002 × Х2 - 0.003 × Х3 - 0.0014 × Х4 + 2.320 × Х5 + 0.00003 × Х6

Cmilk – coefficient of satisfaction of per capita demand for milk, %
X1 – import of milk, including from abroad, kg/person
X2 – production of milk, kg/person
X3 – industrial consumption of milk, kg/person
X4 – export of potato, including to other countries, kg/person
X5 – number of cows, head/person
X6 – yield of milk per cow, kg

Cmeat – coefficient of satisfaction of per capita demand for meat, %
X1 – import of meat, including from abroad, kg/person
X – production of meat, kg/person
Cmeat = -0.070 + 0.012 × X1 + 0.014 × Х2 - 0.487 × Х3 - 2
X3 – industrial consumption of meat, kg/person
- 0.012 × Х4 - 0.173 × Х5 + 0.0002 × Х6
X4 – export of meat, including to other countries, kg/person
X5 – cattle population, head/person
X6 – average daily gain of cattle, grams

Ceggs = 0,013 + 0,004 × X1 + 0,004 × Х2 - 0,007 × Х3 - 0,004 × Х4 + 0,025 × Х5 + 0,0002 × Х6
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Кяйц – coefficient of satisfaction of per capita demand for eggs, %
X1 – import of eggs, including from abroad, kg/person
X2 – production of eggs, kg/person
X3 – industrial consumption of eggs, kg/person
X4 – export of eggs, including to other countries, kg/person
X5 – poultry population, head/person
X6 – average egg-laying capacity, units, centners/hectare
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increase by 1.48%, and with the growth of
consumer prices by 1% it will grow by 0.01%.
The increase in economic activity of the
population will have a positive impact on the
level of their incomes and wealth; which in
general, other conditions equal, will enhance
the affordability of food. This, in particular,
is shown by the obtained regression equation:
Cab = 27.853 + 1.482 × X1 + 0.011 × X2 –
– 0.528 × X3 ,

(3)

where:
Cab – coefficient of economic affordability of
food products, %;
X1 – the proportion of the population with
incomes below the subsistence level, %;
X2 – consumer price index, %;
X3 – the level of economic activity of population, %.

The factors that are taken into account in
the model of calculating the coefficient of
affordability cause 98% of the explained
variation with 95% probability. The regression
equation is significant by all the statistical
parameters.
The forecast of the values of the coefficient of sufficiency and coefficient of economic affordability on the basis of obtained
economic-mathematical models is possible
with extrapolation of the trends of factorial
variables within them. Equations of trends
are described with linear, polynomial,
exponential and logarithmic functions.
The results of forecast calculations
indicate that, if we proceed from the current
retrospective trends, then the per capita
production of potato in the Vologda Oblast
in 2014 can be reduced in comparison with
2011 by 28%, meat and meat products –
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by 0.7% (tab. 2). At the same time it is possible
to increase the production of milk and dairy
products by 2.1%, eggs – by 2.7%. The level
of economic activity of the population and
the consumer price index over the forecast
period will not change significantly. The share
of the population with incomes below the
subsistence level in 2014 can increase from
17.1% to 21.7%.
The forecast values of factor variables
have been substituted into the obtained regression equations, after that the values of the
coefficients of sufficiency of consumption
and coefficient of economic affordability of
food have been determined. The calculations
allow us to conclude that in the future the
average per capita consumption of potato
will decrease and reach the critical level of
83% from the physiological norm (tab. 3).
An average resident of Vologda will consume
more milk and meat and their derivatives.
Consumption of eggs in the forecast period
will not change significantly and remain at
the same level, which is 24% higher than the
physiological norm. Economic affordability
of food in the future will decrease due to the
significant increase in the share of the population with incomes below the subsistence level.
Summarizing the results of these measurements, we can come to the conclusion
that to ensure food security in the Vologda
Oblast its government and municipal authorities should pay attention first of all to the
enhancement of economic affordability of
food. Much is already being done in these
areas. For instance, all municipalities since
2012 have been implementing the action
“Yellow price tag”, which sets the minimum
price markup for socially important food
products.
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Table 2. Forecast of the values of factor variables used in the models for calculating
the coefficient of sufficiency of consumption and the coefficient of economic affordability of food
Fact
Indicator (factor variable)

Forecast

2011

2012

2013

2014

2014 to
2011, %

1.4

1.1

1.1

1.1

78.6

Trend equation

Import of potato, kg/person

y = -0.314Ln(x) + 1.935

Production of potato, kg/person

y = 384.5x-0.324

222.3

167.7

163.7

160.1

72.0

Industrial consumption of potato, kg/person

y = 222.7x-0.476

64.4

65.6

63.3

61.3

95.2

Import of potato, kg/person

y = 0.368x2 – 6.981x + 40.241

12.2

11.7

14.7

18.3

150.0

Area for potato cultivation, ha/person

y = 0.024x-0.167

0.016

0.016

0.015

0.015

93.8

Potato yield, centners/hectare

y = 1.103x2 – 17.92x + 184.47

140.3

137.8

149.7

163.7

116.7

Import of milk, including from abroad,
kg/person

y = -2.185x2 + 33.82x - 38.66

41.4

38.6

36.0

33.6

81.2

Production of milk, kg/person

y = 0.413x2 – 8.963x + 421.43

372.2

374.7

376.9

379.9

102.1

Industrial consumption of milk, kg/person

y = -1.695x + 62.46

40.8

40.4

38.7

37.0

90.7

Export of milk, kg/person

y = -2.638x2 + 37.99x + 64.09

133.6

122.3

111.9

102.4

76.6

Number of cows, head/person

y = -0.0038x + 0.115

0.072

0.066

0.062

0.058

80.6

Yield of milk per cow, kg

y = 3005x0.209

5127.0

5144.3

5224.8

5300.9

103.4

Import of meat, kg/person

y = 2.0385x + 8.79

35.8

35.3

37.3

39.4

110.1

Production of meat, kg/person

y = -0.222x + 43.79

40.8

40.9

40.7

40.5

99.3

Industrial consumption of meat, kg/person

y = 0.0005x + 0.078

0.08

0.08

0.08

0.08

100.0

Export of meat, kg/person

y = -1.108Ln(x) + 7.131

5.3

4.3

4.2

4.1

77.4

Cattle population, head/person

y = -0.0078x + 0.244

0.154

0.143

0.135

0.127

82.5

Average daily gain of cattle, grams

y = 13.963x + 415.41

583.7

596.9

610.9

624.9

107.1

Import of eggs, units/person

y = 49.98Ln(x) – 8.998

119.4

119.2

122.9

126.4

105.9

Production of eggs, units/person

y = 6.648x + 415.25

501.3

501.7

508.3

515.0

102.7

Industrial consumption of eggs, units/person

y = -0.117x2 + 2.137x + 19.37

25.3

27.3

26.3

25.0

98.8

Export of eggs, units/person

y = 9.924x + 148.71

279.3

277.7

287.7

297.6

106.6

Poultry population, head/person

y = 0.011x + 3.337

3.6

3.48

3.49

3.50

97.2

Average egg-laying capacity, units

y = 1.273x + 292.56

322.0

309.1

310.4

311.7

96.8

Proportion of population with incomes below
subsistence level, %

y = 0.152x2 – 2.723x + 28.36

17.1

18.6

20.0

21.7

4.6

Consumer price index, %

y = 118.8x-0.0407

106.4

107.0

106.7

106.4

0.0

Level of economic activity, %

y = 66.30x0.017

69.5

69.3

69.4

69.5

0.0
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Table 3. Forecast values of the coefficient of sufficiency
of consumption and economic affordability of foodstuffs
Indicator

2011 (fact)

2012

2013

2014

Optimal level

2014 to 2011, %

Coefficient of sufficiency of potato consumption

1.00

0.86

0.84

0.83

0.85-1

83.0

Coefficient of sufficiency of milk consumption

0.69

0.70

0.71

0.72

0.87-1

104.3

Coefficient of sufficiency of meat consumption

0.95

0.96

0.99

1.02

0.74-1

107.4

Coefficient of sufficiency of eggs consumption

1.23

1.22

1.23

1.24

0.79-1

100.8

Coefficient of economic affordability of foodstuffs

19.2

20.1

22.1

24.5

10

127.6

According to the information provided
by the local authorities, 1422 retail trade
organizations (the largest number of participants in Vologda is 177, in Cherepovets –
145 and Vytegorsky District – 105) took part
in this sales promotion action.
The project “Discount card “Zabota”
(“Care”) is also developing; it provides
discounts on goods for certain categories
of citizens. If at the beginning of 2012
four municipalities participated in the
project, at the end of the year their number
reached 10 municipal entities, in which
such discounts were provided by 1037 trade
and services organizations. Major retailers,
network companies also offer various loyalty
programs.
In order to stimulate consumer demand,
to increase the sales of goods of agricultural products and processing enterprises,
agricultural fairs are organized regularly,
where residents can purchase the products
they need at lower prices than in shops
and retail chains. In 2011 approximately
326 thousand people visited these events in
Vologda alone. At that the prices for dairy
products were 5–15% lower than the average
in the city, the prices for vegetables and
fruits – by 30–50% lower.
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At the same time, it is advisable to
intensify efforts to increase economic
activity of the population. According to
some scholars [6], in this connection it is
necessary to expand the scope of activities
in such areas as:
• creation of new jobs and the promotion
of self-employment;
• formation of conditions for attracting foreign labor force with regard to future
demand of the economy for human resources;
• enhancement of territorial mobility
of labor;
• implementation of programs to promote social adaptation and competitiveness
of young people.
Along with the above, it is important to
implement a complex of measures to reduce
the share of the population with incomes
below the subsistence level. According to
L.V. Kostyleva [3] this problem can be
handled if the authorities implement the
following activities:
– introduction of the progressive scale of
taxation;
– introduction of a system of interindustry wage regulation.
Of course, a necessary condition for
ensuring food security in the region consists
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in promoting the development of agricultural production and its transfer to an intensive path of development (these issues are
discussed in separate publications of the
authors4).

Thus, it is possible to achieve an optimal
level of sufficiency of consumption and
affordability of foodstuffs only if all the
authorities and business implement the set
of activities.
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