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Steady development of Russian regions largely depends on the level of regional foreign
economic activity, which is primarily determined by the state of the infrastructure of the region
itself. This study answers the question of the impact that the infrastructure of the Nenets
Autonomous District exerts on the regional foreign economic activity and assesses the role of
infrastructure in the economic development of the region as a whole. At the beginning of the
study, we have analyzed the main problematic aspects of the development of the region, which
include, in particular, weak and underdeveloped infrastructure, a poor network of regional roads,
a low supply of population and businesses with electricity and communication services. The
same problems may determine low production efficiency in the region, which ultimately,
together with the foreign economic activities, will determine the standard of living in the Nenets
Autonomous District. The study presents a number of infrastructure factors, such as the length
of roads, inland waterways, investment in fixed assets, domestic expenditure on research and
development, per capita income of the population, the volume of heat energy provided, the
freight turnover of the region, the volume of telecommunications services provided, as well as
the gross regional product of the Nenets Autonomous District; these factors are considered as
exogenous in the model. The three main indicators of the region's foreign economic activity that
are exports, imports and foreign investment act as endogenous factors in the model. Based on
statistical data for 2005—2015, the regression equations are constructed and the obtained
dependences are analyzed. The method of constructing ADL models is applied in the study,
which implies the influence of the above factors not only for the corresponding period, but also
for previous periods. The resulting model equations can be used to create a strategy for the
development of the region, as well as for forecasting macroeconomic processes. The main
impact of infrastructure factors is on investment flows, while the impact of these factors on the
flow of exports and imports is very insignificant.
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NHOPACTPYKTYPA HEHEIIKOT'O ABTOHOMHOTI'O OKPYTA
1N EE BINAHUE HA BHEHTHEDKOHOMUWYECKYIO JEATE/IBHOCTD
PEITTOHA

C.A. Yepnoropckuii, K.I'. Copokoxepapes, I11.M. ITaxomoBa

Cankr-IlerepOyprckuii moautexHuueckuii yausepcuret I[lerpa Benukoro,
Canxr-Ilerepoypr, Poccuiickas ®eneparyis

Pa3BuTHe POCCUICKUX PErMOHOB BO MHOTOM 3aBMCHUT OT YPOBHSI Pa3BUTHS PETMOHAIIb-
HOM BHEUTHEIKOHOMUYECKOM AESTENbHOCTH, MOCIEAHSISI BO MHOTOM OMPENENSIeTCsS] COCTOSI-
HMeM WHOPacTpyKTypbsl caMoro pervoHa. JlaHHoe wuccienoBaHKMe OTBeYaeT Ha BOMPOC O
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BJIMSIHUM WMHGPaAcTpyKTypbl HeHellkoro aBTOHOMHOro okpyra Ha passutve chepsl BOI un
OLIEHUBAET POJib MHGPACTPYKTYPhl B 9KOHOMMUECKOM pa3BUTUU perMoHa B 1iejioM. B Hauase
WCCJIEIOBAaHUST aHAIM3UPYIOTCSI OCHOBHbBIE MPOOJEMHBIE MOMEHTBI Pa3BUTHSI PErMoOHa, K KO-
TOPBIM MOXKHO OTHECTH Cj1aboe pa3BUTHE MHOPACTPYKTYPHI, PEAKYIO CETh aBTOMOOMIBLHBIX
JIOPOT, HU3KYIO 00eCIIeYeHHOCTh HAaceJIeHUsI U OM3Heca 2JICKTPOIHEPTUeil U YCIIyraMU CBSI3H.
DTUMHU Xe TpobieMaMy BO MHOTOM OOYCITOBIMBAeTCS HU3KasT 3(P(HEeKTUBHOCTh TIPOM3BOICT-
Ba, YTO B KOHEYHOM HWTOTE COBMECTHO C BHEIIIHEH TOPTOBJIEi perroHa OrnpenesseT YPOBEeHb
xu3HU B HeHellkoM aBTOHOMHOM OKpyre. [IpuBomuTcs Lienblit psin (pakTopoB MHGMPaCTPyK-
TYpBI, TAKUX KaK MPOTSKEHHOCTh aBTOMOOWJIBHBIX JOPOT, BHYTPEHHMX BOIHBIX MYTEH, TPY-
30000pOT, MHBECTULIMM B OCHOBHOW KamWTaj, BHYTPEHHUE 3aTpaThl HA HayYHbIC MCCIICI0BA-
HMS M pa3pabOTKM, CPeaHEMYIIeBbIe JOXOAbI HAaceJIeHNsI, 00beM OTITyCKa TeTUTOBOM SHEPTHUH,
TPy30000pOT pernoHa, 00beMbl OKa3bIBAEMbIX YCIIYT CBS3U, a TaKXKe BAJIOBbIM PErMOHATBHbBIN
MpoAayKT HeHelkoro aBTOHOMHOTO OKpyra — 3T (DaKTOPbl B MOJAEU SIBJISIFOTCS 9K30T€HHbI-
mu. Tpu ocHOBHBIX moka3zaresnsi BOJI perrnoHa — 3KCHOPT, UMIIOPT M MHOCTPaHHbIE MHBE-
CTUIIMY BBICTYMAIOT B MOJENM B KayecTBe SHAOTeHHbIX. Ha OCHOBaHMM CTaTUCTUYECKUX
JaHHbIX 3a Tepuon 2005—2015 IT. CTposITCSl perpecCUOHHbIE YpaBHEHUSI M aHAIU3UPYIOTCS
MHoJlydyeHHbIe 3aBucuUMOCTU. [IpumeHeH Meton nmoctpoeHuss ADL-Mopenei, KOTopblid moapa-
3yMeBaeT BIIMSIHUE BBILLIEYKa3aHHBIX (haKTOPOB HE TOJIBKO 32 COOTBETCTBYIOLIMI MEPUO, HO
TakXe M 3a MpeaiiecTBytonme neproabl. [loaydyeHHbIe ypaBHEHMsS] MOIEIM MOTYT OBITb MC-
MOJIb30BaHbl MIPU CO3MAHMU CTPATETMM Pa3BUTHUSI PErMOHA, a TakXKe JJIsl MTPOTHO3MPOBAHUS
MaKpO3KOHOMUYECKUX TpoueccoB. OCHOBHOE BiMsiHUE (DAKTOPbl MHMPPACTPYKTYpPhbl OKa3bl-
BalOT Ha WHBECTUMLMOHHBIE MOTOKHU, MPU OTOM BJUSIHUE YKa3aHHBIX (PAKTOPOB Ha MOTOKU
9KCIOpTa U UMIOPTa BeCbMa HE3HAUMTENIbHOE.

KiroueBble cjioBa: BHEITHEIKOHOMUYECKAS AEATENIBHOCTh perroHa; (akTopbl MHOpa-
CTPYKTYPBI; CTUMYJIMpOBaHUe dKcropra; HeHelkuii aBTOHOMHBIA OKPYT
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Introduction. The Nenets region is located in
the north of the East European Plain, most of
the region lays beyond the Arctic Circle. There is
only one major settlement in the region, the city
of Naryan-Mar, one urban-type settlement
(Iskateley settlement) and 42 rural settlements.
The region is rich in natural resources.! The
Nenets Autonomous District has large reserves of
crude oil, gas, copper and diamonds, whereas
some of the deposits are still not fully explored.
The region looks attractive for investors and it is
striving to improve the basic indicators of social
and economic performance.

The relevance of the research topic is based
on the fact that foreign economic activity is an
extremely important factor of social welfare and
favorable investment climate not only in the
region itself, but also in the country [1]. The role
and significance of Russian regions as the subjects
of international economic activities has recently
increased and the local governments become
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more engaged in foreign economic activity,
supporting foreign business in their territories,
helping regional enterprises to enter foreign
markets, creating conditions for effective foreign
economic activity. The infrastructure of the region
exerts some serious influence on foreign economic
activity of the region. The estimation of that
influence makes up the core of the study.

Works of many authors are dedicated to the
problems of infrastructure. For instance,
Smirnova [2] conducts functional analysis of the
regional infrastructure in various aspects and also
clarifies the concept of infrastructure. Ilchenko
and Abramova |[3] assess the infrastructural
potential of the region in the context of further
economic development. Ref. [4] by the same
authors focuses on the infrastructural development
in small towns. Some researchers examine the
development of certain aspects of infrastructure,
in particular, Ref. [5] describes the mechanisms
for improving the transport infrastructure [5].
Some works research various problematic aspects
of regional infrastructure that nned a whole set of
measures to resolve them, see [6]. Some studies
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explore the influence of regional infrastructure on
the overall economic development. For example,
in [7], the authors perform the analysis of possible
directions of activity which are closely connected
to the infrastructure of the region.

Considerable importance for regional foreign-
economic development can be attributed to
territorial advantages: proximity to the markets
and natural resources. The infrastructure, the
auxiliary and main production facilities also play
an important role in the economic development
of the region.

Larionova [8] suggests that the main factors
of foreign economic activity in the region
should be assessed with the following system of
indicators: increase (reduction) of regional
import-substituting industries; growth rate of
the GRP; increase (decrease) in the number of
jobs; increase (decrease) of budget revenues; the
influence on the living standards of the
population; increase (decrease) of investments
in fixed assets due to changes in the capacity of
the domestic market.

Chelnokov, Gerasimov and Bykovsky [9]
proposed the so-called enlarged model of the
regional economy. Unlike the models where the
region acts as a single structured object, the
proposed model focuses on the mechanism of
economic relations between various subjects of
the regional economy. The considered regional
macro-model is a certain compromise between
the complexity and cumbersomeness of the real
model of regional functioning and the need for a
clear structure of basic relationships within the
regional economic mechanism.

In general, all the models have common
features that make it possible to identify the
sequence of actions in assessing the external
economic relations of a region:

1) calculation of the main indicators of
foreign economic relations of the region;

2) assessment of foreign economic activity of
the region on the basis of the calculated indicators;

3) calculation of the main indicators of
regional economic development;

4) Identification of the features of regional
economic development;

5) analysis of the impact of foreign economic
relations on the economic development of the
region.

The purpose of the study is to analyze the
infrastructure of the Nenets Autonomous District
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and to quantify its impact on foreign economic
activity in the region.

The methodology of the study. The study
develops an autoregressive model with a distributed
lag (ADL-model). The model represents the
dependencies of the endogenous indicators of
the regional external economic activity on the
exogenous infrastructural factors.

Experimental or computational study. The
main indicators that characterize the regional
external economic activity are the exports and
imports.

Table 1
Foreign trade of the Nenets.
Autonomous District in dynamics, 2005—2016

Regional exports, Regional imports,
min. USD mln. USD
2005 12.9 1.5
2006 1.2 1.6
2007 228.7 7.6
2008 316.8 4.6
2009 73.4 0.2
2010 2343.8 3.9
2011 3364.3 0.9
2012 1396.3 2.3
2013 1458.2 1.8
2014 1653.4 0.7
2015 1892.4 2.0
2016 2134.7 0.7

Source: Federal Statistics Service. URL: www.gks.ru

The exports of the Nenets Autonomous
District significantly prevail over its imports.
Prior to 2011, the situation was rather uncertain,
but since 2012 the volume of exports has become
more stable.

Characterizing the infrastructure of the region,
we can conclude that the infrastructure of the
region is very poorly developed. Firstly, the length
of the regional road network is only 366 km and
the network has no connection to the network of
public roads of Russia. Secondly, with an extensive
coastal line over 3000 km, there are no large ports
in the district. Moreover, there is no railway
communication in the region, with air transport
playing the key role. Thus, having analyzed the
foreign economic activity and the infrastructure



of the region, we can identify the main problems
of the Nenets Autonomous District:

1) underdeveloped infrastructure: lack of
roads, railways, low power supply and low level
of communication services;

2) small regional population, which means
small permanent workforce who mainly work
mainly n a rotational basis;

3) low-level of diversification of economic
activity. The region largely depends on the
supply of goods from other regions, whereas the
delivery of goods is hampered by the poor
transport infrastructure;

4) low efficiency of production and small
percentage of the population with higher education.

Development of the region during the forecasted
period means achievement of sustainable long-term
socio-economic growth, with consideration of the
mutual interests of governmental institutions, civil
society, the oil and gas industry and the indigenous
population, based on increased compatibility of
economic activities with environmental safety.
Further development of the natural resource base
and active connection to Russia's transport,
transit and export corridors will open up new
opportunities related to the development of new
fields and development of the transport and
logistics infrastructure, including the activation of
traffic along the Northern Sea Route.

The basis of the study is the question of assessing
the infrastructural impact on the regional external
economic activity. The impact will be assessed with
an application of economic and mathematical
modeling based on ADL-models, that is,
autoregressive distributed lag models. The general
methodology of the time series analysis is presented
in [10]. The application of the method to economic
processes has some specific features and is based
upon several important principles [11]. The similar
approach is used in the works researching regional
development of the Russian Arctic [12—14].

The aim of the model is to evaluate the effect
of exogenous indicators on endogenous ones.
Exogenous indicators are indicators that characterize
the regional infrastructure and human activities.
Endogenous indicators are the main indicators of
external economic activity of the region.

In order to evaluate the regional external
activity, we will take exports, imports and inflow
of foreign direct investment into the region.
From the point of view of the chosen strategy,
the goal is to attract investments to the region and
at the same time to improve the infrastructure,
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which in many cases slows down not only
foreign economic activity but the socio-
economic development of the region as a whole.
The model can be described with the help of the
resulting indicator ¥* that is the development of
external economic activity of the Nenets
Autonomous District. In general, development of
foreign economic activity of the region can be
represented by three endogenous variables:

Y! is the exports of goods and services of the
Nenets Autonomous District during the period ¢,

Y* is the imports of goods and services of the
Nenets Autonomous District during the period ?,

Y» is the foreign direct investments in the
region during the period *.

The exogenous variables selected for analysis
are as follows:

Y?! is the gross regional product (GRP),
min. RUR, for the period r— i

Y is the R&D expenditures, min. RUR,
for the period —i;

Y is the per capita income of the population
(RUR per month) for the period #— i;

X!, is the thermal energy sold to all
consumers, thousand Geal, for the period 7— i

X2 is the cargo turnover, mln. tons per km,
for the period r—i;

X2 is the investments in fixed assets made
by organizations with participation of foreign
capital, min. RUR, for the period #— i

X2 is the internal waterways during the

period — i
X2 is the length of the roads for the
period ¢—i;

X% is the communication services rendered

to the population, per capita, RUR, for the
period ¢— i,

In the course of the research, the following
axioms were formulated:

Y ! is the exports of goods and services of NAD,

depends on Y2, 22, v, X%, X%, x!1, x2.

t=i> Tt-i> Tt-i? =i =i =i
Y*?is the imports of goods and services of
NAD, depends on Y2, v v x» x2% xH1

t=i> Tt=i> T =i =i =i =i

12 13
X X5
Y?is the foreign direct investments in the
region, depends on Y2, v, x2, xX%, x2,
XX XD

=i =i
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Table 2
Endogenous and exogenous variables of the model
Endogenous variables Exogenous variables
2 vl ow || | xE | xs | x| xh
Y,” AN N U R I T D C I U CN N RN N SR O 6
4 il | o | as | as | xn | x| xB | b
Source: calculations of the authors.
Table 3
The correlation matrix for the first equation
wo o o v | aa | x| x|l
&l Pearson Correlation 1 , 758 ,667 ,644 —,292 ,450 —,630 ,526
Significance ,007 ,025 ,032 ,384 ,165 ,043 ,096

Source: our calculations.

The first equation of the model in general
form goes as following:

31 _ 3l 21 2 24
Yo =YL+ YL+ Y+ Y+

25 2 1 12

+ X+ X2+ XS+ X2

The second equation of the model in general
form goes as following:

2y 21 2 24 25
Yo=Y+ YL+ YO+ YL+ XD+
26 11 12 13
+ X2+ X+ X5+ X

The third equation of the model in general
form goes as following:

VS XAV e X X
29 11 12 13
+ X2+ X+ X5+ X2

The data on the relevant variables for the
period from 2005 to 2015 were collected For the
calculations.? All calculations were carried out in
the SPSS software. Let us explain the step-by-step
algorithm for obtaining the first equation of the
model. Two other equations were obtained similarly.

The first step is to check the endogenous
variable for autocorrelation® with the Box-Ljung

2 Ofitsial'nyi internet-resurs Minekonomrazvitiia RF.
URL: http://orv.gov.ru/regions/details/58; Statisticheskaia
informatsiia po NAO. URL: http://knoema.ru/atlas/
Russian-Federation/Nenets-Autonomous-District

3 S.K. Antipov, Statistika. Metody analiza problem
mirovoi ekonomiki: ucheb. posobie, St. Petersburg,
Izd-vo Politekhn. un-ta, 2012.
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test. We need to determine the required lag for
the variable. The study showed that the strongest
significance of the indicator goes with a lag of one
year. As the lag increases, the significance of the
data reduces. Accordingly, the endogenous
variable with a one-year lag is taken in the model.

The next step in the analysis is construction
of a correlation matrix with the variables of the
model. According to the matrix, the gross regional
product (¥,2!) exerts the greatest impact on the

regional exports (¥,*'). The impact of other

indicators is not that high. In order to make up a
model, only the variables with correlation
coefficient of 0.6 and above were selected.
Therefore, the variables ¥,*2, v,24, x/!, will also
be selected as influencing factors (see Tab. 3).
Next, the appropriate lags are selected for
the influencing factors. The selection is carried
out with the correlation coefficients. According

to the calculations, the variables Y2 and Y2
have a stronger influence on the endogenous
variable with a one-year lag, while the other two
influencing factors show the best results for the
zero-lag. Hence, the first equation of the model
in the structural form can be represented as follows:

31 _ 31 21 2
Y7 =ay+aY +a) L +aY, T+
+a, Y va X!

The coefficients of the regression equation
are calculated in the SPSS software (see Tab. 4).
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Table 4
Coefficients for the equation of the first model equation
Coefficients Std.error t-statistics P-value Low 95 % Upper 95 %
Y-intercept. 11938,53 10121,7 1,179499 0,303561 —16163,8 40040,87

Variable 1 —0,72049 0,606047 —1,18884 0,300256 —2,40315 0,962164
Variable 2 0,077421 0,036235 2,136651 0,099461 —0,02318 0,178025
Variable 3 —40,1828 55,47822 —0,7243 0,508978 —194,215 113,8494
Variable 4 —0,15433 0,085177 —1,81185 0,144237 —0,39082 0,082162
Variable 5 —30,959 30,31 —1,021 0,36 —115 53,21
Source: our calculations.

Table 5

The variance analysis of the first equation

daf SS MS F Significance F
Regression 5 8841998 1768400 3,052374 0,15106
Residual 4 2317409 579352,2
Total 9 11159407

Source: the data we have compiled.

After the performed calculations it is possible
to make up the equation:

Y =11938.53-0.72Y2) +0.07v 2 -
~ 40.18Y,2 - 0.157,** - 30.96 X,

According to the obtained equation, all the
variables except GRP affect the regional exports
negatively. The impact of the selected factors
seems to be insignificant, which may be due to
the fact that NAD exports are mainly influenced
by factors not related to the regional infrastructure.

The analysis also involves checking the first
equation for significance using the Fisher test
(see Tab. 5).

The significance of the equation is confirmed
by the Fisher criterion, according to the table,
F > Significance F, which confirms that the
model is accurate.

The second and third equations of the model
are obtained in a similar manner, with the same
methods. According to the correlation matrix, the
indicator of imports of goods and services of the
NAD (1*%) is influenced by x/!' which is the

t—i
thermal energy sold to consumers and X?, which

is the investments in fixed assets made by
organizations with participation of foreign capital.

After carrying out of the correlation analysis,
we get the equation in the structural form:

Y,32 =a, + alY,3_21 + azX,l_ll + a3X,1_31.
After the calculations, we obtain the second
equation:
Y? = -16.13-0.78Y,2 +0.05X ", +0.0002X),.

Now we consider the third equation of the
model. According to the correlation matrix, the
variable ¥* is influenced by the following
exogenous factors:

Y22 is the R&D expenditures, min RUR,
for the period ¢ —i;

Y is the income of the population per
capita (RUR per month) for the period ¢ — i

X2, is the internal waterways during the

period ¢ — i;
X2 is the length of the roads for the
period ¢ — i;

X2 is the communication services rendered

t—i
to the population, per capita, RUR, for the
period ¢ — i;
X2 is the cargo turnover, mln tons per km

for the period ¢ —i;

After evaluating the correlation matrix and
choosing the lags for the ADL-model, we obtain
the structural form of the third equation:

33 _ 33 2 25
Y7o =ay+aY +aY 5 +as X0+
26 29
+a, X5 +as X5,

After the calculation of the coefficients we
get the third equation of the model:

Y® = -3072151 +0.6Y,3 +14.73V3 +
+7783.9X% - 386.25X%, - 972.9X%,.
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As a result, the model of the infrastructural
influence on the external economic activities of
the NAD can be represented as follows:

Y =11938.53-0.72Y +0.07V* -
- 40.18Y% - 0.15Y,** - 30.96 X},

Y? =-16.13-0.78Y,2 + 0.05X /", +0.0002.X /"

t-1>
Y3 =-3072151+ 0.6V +14.73Y 2 +
+7783.9X7 - 386.25X%, —972.9X7,.

The results and discussion. The obtained
system of equations allows finding the dependence
of external economic activity on the factors of
regional infrastructure. Low import figures for the
region can explain the obtained equation. In
general, we can conclude that regional imports
are not subject to significant influence of the
infrastructural factors. The flows of foreign direct
investment are much more dependent on the
infrastructure than the export-import ones. The
main stimulating effect for the FDI is provided by
the R&D expenditures and by internal waterways.
Because of road infrastructure of the region is
isolated from the Russian road network, a

negative coefficient was obtained for X2,

The scientific novelty of the study is in
clarification of the current trends in the
dynamics of external economic activity of the

Nenets Autonomous District. The results of
these studies can be used for creating a strategy
for the regional development, as well as for the
medium-term forecasting purposes.

Conclusions. In the course of the study, the
external economic activity of the Nenets
Autonomous District was analyzed and the main
problematic aspects of the regional infrastructure
were identified.

The main infrastructural factors influencing
and determining the regional foreign trade activities
were considered. Indicators characterizing the
development of foreign economic activity were
chosen, namely, they are the volume of exports,
imports and direct foreign investments in the region.

A system of three equations, each of them
modeling the dependence of foreign economic
activity on the influencing factors, was obtained.
The infrastructural factors primarily impact
investment flows. The influence of the factors on
the export-import flows has turned out to be
insignificant. It is likely that external trade is
primarily determined by non-infrastructural
variables that were not considered in the study.

The obtained dependencies can be used not
only in forecasting of macroeconomic processes
for the region for the next decade up to 2030,
but also for the development of the regional
economic strategy.
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