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PERFORMANCE IN INDUSTRIAL PARKS OF RUSSIAN REGIONS:

Abstract. Analysis of statistics at the micro-level shows that the development trends of a large num-
ber of resident entrepreneurial structures of industrial parks are characterised by adverse dynamics.
Accordingly, assessment of the performance of entrepreneurial structures and improvement of their man-
agement models in the general system of industrial parks become more relevant. This paper presents a
methodological approach to the construction of a spatial-rating assessment of the performance of en-
trepreneurial structures in the system of industrial parks functioning. As a result, two groups of Russian
regions were identified, among which a potential resident, when making a decision on the placement of
production facilities, can choose a region taking into account its investment attractiveness and industrial
activity. Two discriminant groups of industrial parks were determined, the condition of which can be de-
fined as economically inefficient and efficient, by evaluating parks with low and high values of the park
rating level in terms of attractiveness for external investors and resident entrepreneurial structures. The
proposed methodological approach can be applied to improve the quality of decisions on the formation
of differentiated strategies for sustainable development of both individual entrepreneurial structures in
the system of industrial parks and their clusters, and regions as a whole. It is recommended for both en-
terprises and industrial parks when making decisions on the formation of strategies and development
scenarios, as well as for federal and regional authorities when designing documents for the territorial de-
velopment on the strategic and tactical level.
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NCCNIEQOBATEJIbCKAS CTATbS
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MpocTpaHcTBEHHO-PENTUHIOBAA OLLEHKA AEATENIbHOCTH NpeAnpPUHUMATENbCKUX
CTPYKTYP B MHAYCTPUANbHbIX NAapKaX POCCUIACKUX PErMOHOB

AHHoTaums. AHanM3 CTaTUCTUKKM HAa MUKPOYPOBHE MOKA3bIBAET, YTO TEHAEHUMMN Pa3BUTMS BOMbLIOIO Yncna
npeanpuHUMaTENbCKMX CTPYKTYP — PE3UAEHTOB MHAYCTPUASbHbBIX MAPKOB XapaKTepu3yoTca Hebnaronpmsar-
HOV AMHaMUKOW. B 3TOM CBSA3M akTyanm3upyoTcs BONPOChl OLeHKM 3DHEKTUBHOCTM AesATeNbHOCTH Npeanpu-
HUMaTENbCKUX CTPYKTYP M COBEPLUEHCTBOBAHMS MOLENen ynpaBieHns UMK B 0bLelt cucteMe MHAYCTpUanb-
HbIX NapKkoB. B pabote npepgnoxeH MeTOAMYECKMIA NOAXOL K MOCTPOEHMI0 MPOCTPAHCTBEHHOM PENTUHIOBOM
OUEHKM 3DDEKTUBHOCTU LesTeNbHOCTU NPeanpUHUMATENBCKMX CTPYKTYP B cUCTEeME DYHKLMOHMPOBAHMS UH-
[yCTpUanbHbIX NapkoB. B pe3synbtaTe 6b1nuM BblgeneHbl ABe rpynnbl pernoHoB Poccuiickon Menepauuu B 3a-
BMCMMOCTM OT pa3MeLleHunst MOTEHLMANbHBIM Pe3NLEHTOM NPOM3BOACTBEHHbIX NIOWAAEN B PETUOHE C yye-
TOM €ro MHBECTULMOHHOM MPUBNEKATENBHOCTM M NMPOMBIWAEHHON aKTUBHOCTU. Takke Obliv NonyYeHbl ABe
OUCKPUMMUHAHTHbIE TPYNmMbl MHAYCTPUAbHbBIX NMApPKOB, COCTOSHME KOTOPbIX MOXHO ONpeaennTb Kak 3KOHO-
Muyeckn HeaddekTBHOe U 3PHEKTUBHOE MYTEM OLEHMBAHWUS MAPKOB C HU3KMM U BbICOKMM 3HAYEHUEM
YPOBHSI PEWTUHIOBOM OLLEHKM C TOYKM 3pEHUSI NPUBIEKATEIbHOCTU ANS BHELWHEro MHBECTOpa M NpeanpuHu-
MaTenbCKUX CTPYKTYp-pe3naeHTOB. [peanoXeHHbI MeToaMYeCcKMi NoAX04 AAeT BOSMOXHOCTb NMOBbLICUTD Ka-
YeCTBO MPUMHMMAEMbIX pelleHuit No GopMUpPOBaHUID AnddepeHUMPOBAHHbIX CTpaTerMii yCTOMYMBOro pas-
BUTUS KaK OTAENbHbIX NPeanpUHUMATENbCKMX CTPYKTYP B CUCTEME MHAYCTPUANIbHBIX NMapKOB, TAaK U UX KNa-
CTEepOB, perMoHOB B LenoM. [TonyyeHHble pe3ynbraTbl MOTYT ObITb MPUMEHEHbI KaK NPeanpUsTUSIMU, TaK U UH-
[yCTpUanbHbBIMU NapkamMu NpU MPUHATUM peleHnin 0 GOPMMPOBAHMM CTpaTerMin U CLEeHapueB pasBuTUS,
a Takxke opraHamu denepanbHOro U PerMoHanbHOrO yNpasieHus Npu pa3paboTke LOKYMEHTOB pasBUTUS
TEpPUTOPUI KaK B CTPaTErMUYECKOM, TakK U TaKTUUYECKOM MaHe.

KntoueBble cnoBa: NpoCTpaHCTBEHHO-PEMTUHIOBAs OLLEHKA, AMCKPUMUHAHTHAS MOLENb MPOCTPAHCTBEHHOM OLLEHKM, KNacTep-
HbIl aHanu3, KNaccuduKaLms PErMOHOB, KAaTErOPUU MHAYCTPUANbHBIX NAPKOB, UHAYCTPUAbHbIE MAPKKX TMNA 6payHbUNL, UH-
LyCTpuanbHble Napku TMNa rpuHbUAL, KOMNAEKCHbIE MHAYCTPUAbHbIE NapKW, NPeAnpUHUMATENbCKAs LeATENbHOCTb

Lna uutuposanus: MNMuckyH E. W, BpycHuknn K. H. (2023). lNpocTpaHCTBEHHO-PENTUHIOBAS OLEHKA AeSTeNbHOCTU Npeanpu-
HUMaTeNbCKUX CTPYKTYP B cucTeMe YHKLMOHMPOBAHUS MHAYCTPUAbHbIX MAapKOB POCCUIMCKUX PETMOHOB. SKOHOMUKA peau-
oHa, 19(2), 524-536. https://doi.org/10.17059/ekon.reg.2023-2-17

Introduction in the system of IP operation is the use of a rat-

Modern processes of the operation of entre-
preneurial structures (ES) in the system of in-
dustrial parks (IP) are influenced by a large num-
ber of both external and internal factors that are
characterised by a high level of uncertainty and a
destabilising nature of the impact. In this regard,
the issues of assessing the performance of entre-
preneurial structures, management companies
and improving their management models in the
general system of industrial parks are becoming
especially relevant. Innovative entrepreneurial
structures (Lerner & Stern, 2016) ensure break-
through economic growth of territories (Glaeser,
2009; Glaeser et al., 2012; Chatterji et al., 2013).
«Industrial-technology parks focus primarily
on filling the space with commercially efficient
companies using modern technologies, attract-
ing investment and creating jobs» (Wojewnik-
Filipkowska & Kowalski, 2015). One of the ways
to improve the performance of ES management

ing approach.

The specified approach is appropriate to use
when evaluating objects that are multi-compo-
nent. Such objects include entrepreneurial struc-
tures, whose activities are multifaceted and as-
sessed by a significant number of groups of indi-
cators that characterise the production, financial
and economic, social and other aspects of their
functioning. As a result of the use of the rating ap-
proach on the basis of a set of integral indicators,
an entrepreneurial structure receives comprehen-
sive information, which can be used:

— for internal monitoring of activity and com-
parison of its results with those of competitors,

— for informing interested stakeholders, such
as banks, partners, investors, and so on.

This study uses a systematic approach, consist-
ing in the fact that the object is considered as a
complex system, including a set of interdependent
and interrelated elements both inside and out-
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side. Therefore, in the following presentation, en-
trepreneurial structures are considered within the
system of industrial parks functioning.

Theoretical Framework

The analysis of the approaches to the assess-
ment and rating of industrial parks (Belenov &
Smolyaninova, 2014; Krivorotov etal., 2016;
Lyapina et al., 2019) existing in the economic en-
vironment made it possible to conclude that it is
advisable to improve them using methods of eco-
nomic and mathematical modelling. They provide
a systematic assessment of the performance of
entrepreneurial structures in the general system
of industrial parks. Thus, among the generalis-
ing indicators that most fully reflect the real eco-
nomic state of the operation of industrial parks
and their process owners, residents and the man-
agement company, there are three main groups
aimed at assessing the state of the industrial park,
the state of entrepreneurial structures of the in-
dustrial park and the state of socio-economic de-
velopment of the region where the industrial park
is based (Sandler & Kuznetsov, 2015; Nikitaeva &
Andryushchenko, 2018; Orlova, 2014; Simchera,
2008; Tatuev, 2015).

There are some shortcomings in the methods
of constructing an information space for evalua-
tion considered by scientists. Accordingly, insuf-
ficient justification of the chosen system of eval-
uation indicators is due to the imbalance of key
performance indicators, a high level of subjectiv-
ity in assessing the share of significance of indi-
cators in the final group of factors (Samostroenko
& Shatokhina, 2016); the factors of park position-
ing in the rating system of industrial parks are not
taken into account (Tikhanov et al., 2016); the
general evaluation algorithm is insufficiently jus-
tified from the point of view of the systematic ap-
proach (Akberdina et al., 2017); unconvincing jus-
tification of ball intermediate assessments and
the ranking of the influence of factors of the in-
ternal environment and the activities of residents
of the industrial park in the comparative database
is not taken into account (Plakhin et al., 2016).
Other factors include separately considered indi-
cators for assessing social and external efficiency
(Samostroenko & Shatokhina, 2016), the share of
residents in the economic activity of the region
(Akberdina et al., 2017; Gupta, 2020; Greenstone
et al., 2010). Also, there are separately distin-
guished groups of performance indicators of an-
chor residents and residents based on the terri-
tory of IP (Barrera et al., 2021), factors of produc-
tion growth (Kuznetsova et al., 2019), indicators
of the economic efficiency of the park residents,
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and the budgetary efficiency of the park residents
(Samostroenko & Shatokhina, 2016). Within the
framework of the above papers, there is no uni-
fied point of view, neither regarding the directions
for assessing the ES performance in the IP opera-
tion system, nor regarding the choice of the most
significant indicators that characterise them.
Disadvantages of the existing approaches include
the prevailing expert assessments of the synergis-
tic effect of the ES performance (both the manage-
ment company and residents), the budgetary ef-
ficiency of clusters of companies associated with
resident companies, etc. This is partly due to the
relatively short history of IP development, the lack
of information support for assessing the ES per-
formance in the IP operation system. However,
further it is advisable to use a combined approach,
which takes into account both conceptual (expert)
and factual (statistical) information about the ES
performance in the IP system.

The aim of the study is to develop a method-
ological approach in order to build a spatial rat-
ing of the performance of entrepreneurial struc-
tures in the system of industrial parks in Russian
regions, which, based on the grouping of parks ac-
cording to the state of their activities taking into
account the economic state of the park operation
environment, can be used improve the quality of
decisions taken to manage the development of en-
trepreneurial structures of an industrial park.

Research Methods and Data

Methodology of spatial-rating assessment
of entrepreneurial activity within the system of
Russian regional industrial parks includes: stage
1 — establishment of a system of research indica-
tors; stage 2 — grouping and research of regional
factors of the ES performance in the IP system;
stage 3 — development of a model for grouping
industrial parks into categories; stage 4 — devel-
opment of a model for identifying the class of an
industrial park by the performance level of the IP
residents. Further, we consider their content.

To build a rating assessment of an ES, it is nec-
essary, first of all, to analyse the statistical infor-
mation base of the study, which is the content of
stage 1. As noted above, existing approaches to as-
sessing the performance of entrepreneurial struc-
tures on the territory of industrial parks and the
park management system as a whole have signifi-
cant differences, therefore, the basic system of re-
search indicators was formed on the basis of GIS
data’, as well as data of the Federal State Statistics

! Geographic information system. Industrial parks. Technoparks.
Clusters. Retrieved from: https:/www.gisip.ru/#!ru/ (Date of
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Service!, and includes 82 indicators characterising
16 categories of structural directions for assessing
the economic development of an industrial park
and its macro-environment. Due to the lack of in-
formational support for a large number of indica-
tors during the analysed period (2019), it became
necessary to reduce the dimension of the informa-
tion space.

The main goal of stage 2 is to study regional
features of development and further grouping of
regions depending on the degree of manifestation
of industrial activity in the regions, and the struc-
tural orientation of regional processes.

The results of this classification make it possi-
ble to position IPs in relation to their external en-
vironment of operation, and to assess the invest-
ment attractiveness of the region for the place-
ment and development of the ES in the IP system.
Multivariate statistical analysis methods, hierar-
chical and iterative methods for the implementa-
tion of the grouping model were applied to per-
form reasonable grouping of regions and position
regions in relation to their economic orientation.

At stage 3 of the methodology, models of spa-
tial grouping of industrial parks are developed and
the features of the park development are identi-
fied within each category — “brownfield”, “green-
field”, and “complex”. These models can be used to
assess the homogeneity and stability of groupings
categories of industrial parks, as well as to iden-
tify the most significant features in this category
of parks for the formation of strategies and sce-
narios for ensuring the sustainable development
of ESs in the IP system.

The grouping models at stages 2, 3 were con-
structed using the methods of cluster analy-
sis (Piskun & Khokhlov, 2019), which allows for
grouping and comparison of multidimensional
objects (parks) based on the numerical values
of the features involved in their description. To
quantify the differentiation or proximity of clus-
ters, we used a set of metrics, that is, the similar-
ity or difference between the classified objects is
established depending on the metric distance be-
tween them. The most commonly used metric is
Euclidean distance. However, to cluster objects
in the space of both quantitative and categorical
variables, the use of standard metrics is ineffec-
tive (Delgado et al., 2012; Delgado et al., 2014;
Guryanova et al., 2018). Therefore, for the assess-
ment, it is advisable to use the following options
for metrics:

access: 11.08.2021).
! Federal State Statistics Service. Retrieved from: https:/www.
gks.ru/ (Date of access: 13.07.2021).

1) City block metric (Manhattan distance):

d; :;|xik—xik. (1)
2) Percentage of disagreement:
d, =VALUE|A+# B||. 2)

To implement the models at stages 2 and 3, we
used clustering methods such as the hierarchical
agglomerative and iterative “k-means” method,
which advantage is the absence of restrictions
on the number of objects and their characteristic
features.

The disadvantage of many agglomerative
methods of forming a cluster structure, as noted
by numerous researchers, is that the result of
groupings is not always the geometric heteroge-
neity of the cluster. Therefore, for this study, we
chose Ward’s method that levels this feature. The
advantage of this method over others is the fact
that the k-means method is convenient for pro-
cessing large statistical populations than the ini-
tial set of estimated indicators of industrial parks,
and has a fast convergence. According to the
chosen functionality, such partition that allows
reaching the extreme (minimum or maximum)
value should be considered the best. It is possible
to accept the calculation of the Fisher’s exact test
based on the total inter-cluster and intra-clus-
ter variances as such functionality. In this case,
the partition in which the sum of the intra-clus-
ter (intra-group) variances is minimal at the max-
imum inter-cluster variance should be considered
optimal.

The last stage 4 is aimed at recognising and
predicting the performance class of an industrial
park, taking into account its category, indicator
features and positioning in the national rating.
This recognition model is implemented by the
learning classification methods. The construction
of the model assumes that each industrial park
can be represented as an object of a k-dimen-
sional vector of values for assessing the state of
the park:

x=(X,X..,%)" . (3)

The model can be applied to establish a rule ac-
cording to which the values of an object x vector
belong to one of two possible classes of the park
performance — a set of states ¢,i=1,2 ..., 1. To
construct a discrimination rule, the entire space R
of vector values x is divided into clusters R, i = 1,
2 ..., 1, so that when x falls into R, an object is as-
signed to a certain performance class of an indus-
trial park ¢.. The discrimination rule is selected in
accordance with the principle of optimality based
on a priori information, where each n object is

JKoHOMMKa peruoHa, T.19, Bbin. 2 (2023)
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represented by a k-dimensional vector of discri-
minant variables
i

i_
X=X, X

(4)

Thus, the methodology proposed above for the
spatial rating of the performance of entrepreneur-
ial structures in the system of industrial parks
makes it possible to group parks according to the
ES performance level and position the selected
groups relative to the economic state of the park
mesic environment. The development of a model
for grouping IPs within the framework of the pro-
posed methodology makes it possible to assess the
statistical significance of indicators that have the
strongest impact on the formed clusters and to
perform the rating of parks to select a strategy for
the development of entrepreneurial structures in
the system of industrial parks.

i i
A S

Results

In accordance with the proposed methodol-
ogy for the spatial rating of the ES performance in
the IP system, at stage 1, we established the basic
information space of indicators for assessing the
performance of entrepreneurial structures. This
space includes indicators of the activity of indus-
trial parks and their residents, as well as indicators
of the park mesic environment — indicators of the
economic development of the region. The indica-
tors were selected in accordance with the follow-
ing criteria: importance from the point of view of a
potential investor, importance in elaborating a de-
velopment strategy for anchor residents and en-
trepreneurial structures of an industrial park.

To form the final assessment system, the main
indicators of the activity of industrial parks and
their entrepreneurial structures are presented
in the following categories: “Basic Services
of the Management Company”, “Activities of
Residents”, “State Support of the Park”, “Tax
Incentives for Residents of the Park”, “Production
Capacity” (includes indicators of subgroups:
“Use of the Territory”, “Industrial Property”,
“Office Property”), “Power Supply” (includes in-
dicators of subgroups “Electricity in the Park”,
“Thermal Energy in the Park”, “Treatment
Facilities”, “Gas Supply in the Park”, “Water
Supply”), “Infrastructure and Communications
of the Park” (includes indicators of subgroups:
“Communication in the Park”, “Transport
Accessibility”), “Labour Force Availability”.

For a systematic assessment of the activities of
industrial parks, we also included indicators that
reflect the general state of the IP macro-environ-
ment, i.e. indicators of the industrial develop-
ment of the region in which the park operates.

Ekonomika Regiona [Economy of Regions], 19(2), 2023

While implementing the tasks at stage 2, we
performed spatial grouping of regions of the
Russian Federation for 2019 according to the plat-
form data! based on indicators regarding the eco-
nomic state of the mesic environment of the ES
performance in the IP system, reflecting the in-
vestment attractiveness of the region for locating
the site of an industrial park or choosing an ex-
isting park in the region. Two clusters of regions
were obtained using Ward’s hierarchical method
based on the Euclidean distance between objects
(Fig. 1).

The analysis of clustering centroids shows that
there are two groups of regions that have a homo-
geneous direction of economic activity. Thus, the
first cluster is characterised by high values of in-
dicators, reflecting the distribution of organisa-
tions according to the assessment of factors af-
fecting investment activity, employment in the
manufacturing industry, the amount of advanced
production technologies used, and the dynamics
of investment in fixed assets. The second cluster
is characterised by high values of the distribution
of organisations by assessing the goals of invest-
ment in fixed assets, industrial production indi-
ces, production indices by “Manufacturing” type
of economic activity. The statistical significance
of the information indicators involved in cluster-
ing and the ratio of intra-group and inter-group
variances allows us to speak about the adequacy
of the grouping (Fig. 2).

The analysis of the distribution and grouping
of regions occurs unbalanced in clusters, which is
actually due to two main factors: the geographical
distribution of resources for industrial enterprises
and the involvement of the region in the forma-
tion of trade and industrial ties.

Further, as part of the implementation of stage
3, 150 functioning industrial parks of the Russian
Federation were grouped based on a spatial sam-
ple for 2019 according to the platform data. The
results of hierarchical clustering for the “brown-
field” category of industrial parks allowed us to
distinguish two clusters of industrial parks, and
the results of variance analysis showed a signif-
icant excess of inter-group variances over in-
tra-group ones, a clear separation of clusters, as
well as the statistical significance of the F-tests at
the level of 99 %, which indicates the general ade-
quacy of the classification.

This grouping made it possible to distinguish
two clusters: No. 1 is a group of industrial parks

! Geographic information system. Industrial parks. Technoparks.
Clusters. Retrieved from: https:/www.gisip.ru/#!ru/ (Date of
access: 11.08.2021).
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Fig. 1. Tree diagram of the grouping of regions (source: Authors’ calculations)

Analysis of Variance (broad macro-indicators without Moscow)
Between Within df F signif.

Variable SS SS p
x1 7553431 1 7144657 78 8,24627 0,005256
x2 304727 1 7595274 78 3,12940 0,080801
x4 19,11448 1 5988552 78 2489633 0,000004
x5 393058 1 7506942 78 408403 0,046722
x8 34,96693 1 4403307 78 6194028 0,000000
x10 1,05440 1 7794560 78 1,05513  0,307503
x11 2530809 1 5369191 78 36,76590 0,000000
x12 1920056 1 5979944 78 2504445 0,000003
x13 18,41715 1 6058286 78 23,71195 0,000006

Fig. 2. Values of variances and F-test for the grouping of regions (source: Authors’ calculations)

with a high level of support for resident entre-
preneurial structures (K1), and No. 2 is a group
of parks with a low level of support for entrepre-
neurial structures (K2). Cluster 1 is characterised
by the presence of a high share of tax incentives
in categories: income tax, transport tax, corporate
property tax, and land tax. There are quite high
values of indicators for the group of basic services
of the management company, the number of res-

idents and jobs created, the group for evaluating
industrial and office real estate; water supply and
railway interchange. The objects of the first clus-
ter represent large functioning parks with ener-
gy-intensive technological processes involved in
support programmes. Cluster 2 is characterised by
rather low values of production capacity utilisa-
tion; participation in federal and regional govern-
ment programmes, low values in the category of

DKOHOMMKa pervoHa, T.19, Bbin. 2 (2023)
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Analysis of Variance (greenfield )
Between | df Within df F signif.

Variable SS SS p

x3 19,1631z 1| 53,8368¢ 72 25628z 0,000002
x5 42 54952 1 30,4504¢ 72 100,6081 0,00000C
x8 12,6172z 1| 60,38277 72 15,0447 0,00023C
x7 12,6872z 1 60,3127¢ 72 15,1457  0,00022C
x8 9,1420% 1] 63,8579%%f 72 10,3077  0,00198C
x11 8,4872¢ 1 6451271 72 9,4723 0,00295C
x12 16,89057 1] 56,1094: 72 21,6741 0,000014
x13 6,2182¢ 1 66,7817¢ 72 6,7041 0,011632
x14 16,6185¢ 1 56,38141 72 21,222z 0,000017
x19 1,9571¢€ 1 7104282z 72 1,983€ 0,16332(C
x20 2,08257 11 709174 72 2,1144 0,15026¢&
x21 18,12041 1| 548795¢ 72 23,7733 0,00000€
x22 7,9857¢ 1 6501428 72 8,8438 0,00399¢
x23 486817 1/ 68,1318 72 5,144€ 0,02632C
x25 8,9707¢€ 1 6402924 72 10,0875 0,00219¢
x39 3,66902 1 6944097 72 3,6902| 0,05869:
x41 1,89461 11 71,1053¢ 72 1,9185 0,170304
x47 9,44124 11 63,85871 72 10,6951 0,00165C

Fig. 3. Values of variances and F-test for the “greenfield” group (source: Authors’ calculations)

tax incentives. This cluster reflects developing and
small industrial parks that actually require sup-
port and further participation in federal and re-
gional government programmes.

For the second category of industrial parks,
“greenfield”, there is a division of groups with an
unbalanced concentration, which made it possi-
ble to draw preliminary conclusions about the ex-
istence of a cluster of parks with a greater degree
of efficiency and intensification of the activities of
entrepreneurial structures and park residents.

The analysis of centroids for the selected clus-
ters of the “greenfield” category revealed the ex-
istence, as for the previous “brownfield” cate-
gory, of groups of industrial parks with low and
high levels of support for resident entrepreneurial
structures (Fig. 4). Cluster 1 united efficiently de-
veloping parks with an expanded production base,
a high level of activity of the management com-
pany and the use of production capacities of in-
dustrial parks, but low tax support.

Cluster 2 is characterised by an unstable posi-
tion regarding the efficiency of using production
facilities, while it has high tax incentives, but low
indicators of infrastructure development, partici-
pation in regional and federal programmes, a low
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level of activity of the management company and
the use of production facilities of industrial parks.
However, it should be clarified here that for parks
of the “greenfield” category, development on the
territory of industrial facilities is more capital-in-
tensive due to the need for the full development of
the park territory. Therefore, the category of pro-
duction capacities is actually one of the key ones
when making management decisions for the de-
velopment of entrepreneurial structures in the
park.

Analysis of the composition of the “greenfield”
category park clusters showed a significant im-
balance of the selected groups with a predomi-
nance of the share of industrial parks in the sec-
ond cluster, which indicates the need to intensify
the pace of industrial production, increase the en-
trepreneurial activity of management companies,
expand the logistics capabilities of the park and,
accordingly, involve entrepreneurial structures
in the overall process of the park activities in or-
der to increase participation in federal support
programmes.

For the third — “complex” — category of in-
dustrial parks, the following indicators are char-
acteristic demarcation signs for the clusters ob-
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Fig. 4. Diagram of averages for the “greenfield” category of parks (source: Authors’ calculations)

tained: leasing a land plot, construction of fin-
ished industrial buildings, the number of jobs
created, the total and free territory, the free area
of industrial real estate, the total area of office
real estate for the accommodation of residents,
the total and free electric power, the belonging
of sewage treatment facilities, the presence of
stormwater treatment facilities, free gas capac-
ity, and distance to Moscow. Also, for this clus-
tering, the industrial production index is statisti-
cally significant, which in its turn makes it possi-
ble to further focus on the influence of the syner-
gistic effect of the sectoral interaction of the park
and the region on the overall level of the ES per-
formance in the IP system.

A specific feature of this grouping for the cat-
egory of parks, which takes into account the el-
ements of the structures of the “brownfield” and
“greenfield” parks, is that Cluster 1 includes parks
that function effectively in regions with predomi-
nantly high rates of industrial production, mainly
in the extractive industries. The parks of Cluster
2 belong to the regions with a high share of the
manufacturing industry in gross regional product
(GRP) and high values of jobs created for park res-
idents and the intensity of utilised capacities. A
distinct feature of this grouping is the insignifi-
cance of the category of tax benefits, which may
indicate a focus on the development and deepen-
ing of economic and infrastructural ties of resi-

dents of the park with the region. Analysis of var-
iance for clustering showed the statistical signif-
icance of grouping indicators according to the
Fisher’s exact test at the level of 95 %, which indi-
cates a high level of model quality.

In the selected clusters of the categories
“Brownfield”, “Greenfield”, “Complex” there is an
imbalance in the distribution of industrial parks.
This necessitates the formation of alternative
strategies for the development of entrepreneur-
ial structures, which would take into account eco-
nomic trends in the region, the possibility of at-
tracting investment, the performance of resident
enterprises (Table 1).

Equally important for assessing the ES perfor-
mance in the IP system is also the IP position-
ing relative to its external environment of oper-
ation. The share distribution of IPs in clusters by
regions and federal districts within certain cate-
gories showed that for the “brownfield” category,
the concentration of IPs is observed in the Central

Table 1
Cluster distribution of industrial parks

Share in the category of parks
Cluster number Brownfield | Greenfield | Complex
Cluster 1 0.27 0.20 0.21
Cluster 2 0.73 0.80 0.79
Total parks 62 74 14

Source: Authors’ calculations.
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(11 %) (Fig. 5a).

As seen from Figure 5, the IP ratio for the
“greenfield” category is similar to the previous
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Fig. 5. Distribution of industrial parks (source: Authors’ calculations)

group, whereby the highest concentration of IPs
is observed in the second cluster. This distribu-
tion is confirmed by the need to intensify the
rates of not only industrial production in these
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Table 2
Statistical characteristics of discrimination
Discriminant Function Analysis Summary
N =42 No. of vars in model: 12; Grouping: shared cluster (2 grps) Wilks’ Lambda: .06194 approx.
F (12.29) = 36.602, p < .0000
Wilks’ Lambda | Partial Lambda | F-remove (1.29) p-value Toler (R-Sqr.)

X, 0.082 0.755 9.43 0.005 0.329 0.671
Xy, 0.066 0.943 1.76 0.195 0.763 0.237
X, 0.183 0.339 56.60 0.000 0.244 0.756
X, 0.074 0.842 5.44 0.027 0.070 0.930
X, 0.140 0.443 36.49 0.000 0.135 0.865
X, 0.069 0.901 3.18 0.085 0.105 0.895
Xy 0.080 0.777 8.33 0.007 0.427 0.573
Xy 0.083 0.746 9.86 0.004 0.621 0.379
X 0.080 0.774 8.47 0.007 0.224 0.776
Xoo 0.086 0.721 11.22 0.002 0.253 0.747
ating 0.072 0.858 4.79 0.037 0.534 0.466
@&m 0.068 0.916 2.66 0.114 0.836 0.164

Source: Authors’ calculations.

clusters, but also the overall economic develop-
ment, and to establish stable economic ties in the
federal district. The unevenness and imbalance in
the distribution of industrial parks both in spa-
tial terms and in the states of their economic de-
velopment confirm the need for individual posi-
tioning and rating of parks in relation to key fac-
tors of the external and internal environment,
and taking these factors into account when form-
ing a development strategy for residents of the
park, since they have a significant impact on the
ES performance in the IP system.

At the final stage (stage 4) of the proposed
methodology, we built a model for assessing and
predicting the performance class of industrial
parks. To implement the tasks of this stage, we
built a discriminant model based on an additional
grouping of IPs taking into account such charac-
teristics of industrial parks as the type of park, the
rating of investment attractiveness and the rat-
ing of the IP attractiveness among ES residents of
the IP. The following indicators turned out to be
statistically significant at the level of 90-95 % for
this model: lease of finished production premises
(x,), participation in regional state programmes
(x,,), income tax incentives (x,,), existing produc-
tion facilities intended for the accommodation
of residents (x,), free area of industrial real es-
tate (x, ), total area of office real estate intended
for accommodation of residents (x,,), heat source
(x,,), gas capacity (x, ), distance to the nearest city
(x,,), distance to the regional centre (x,,), category
of industrial parks (X ategory)> POSItION of the indus-
trial park in the general rating (X, , ). General ad-
equacy is confirmed by the statistical characteris-
tics of the general and partial Wilks’ lambda val-

ues, the p-value and the F-test at the level of 95 %
(Table 2).

As a result of modelling, we obtained two dis-
criminant groups of industrial parks, the state of
which can be defined as economically inefficient
(Y, = 1) and efficient (Y, = 2). This division was
achieved by evaluating parks with a low and high
value of the rating level in terms of attractiveness
for external investors and resident ESs. Analysis of
the squared Mahalanobis distances to the centres
of the selected groups and the values of the poste-
rior probabilities confirmed the correctness of as-
signing objects to discriminant groups. The gen-
eral view of the rating forecast model can be rep-
resented as follows:

}/1 =

=4,287x, —1,225x,, —2,142x,, +
+0,596x,, —0,739x,, —0,166x,, +
+1,801x,, —1,7492x,, +0,119x,,

—0,856x,, +1,128x, ;.. —
~1,219X 00, —4,931;
Y, =

=20,15x, +3,94x,, —20,34x,, +
+9,99x,, —76,96x,, —5,21x,, —
-10,80x,, +12,94x,, +11,63x,, —
-11,10x,, —4,20x
+1,79x

rating +

—-24,09.

category

The resulting system of discriminant equations
can be used to forecast the performance class of
new industrial parks and determine among them
the most attractive for the placement of resident
entrepreneurial structures from the point of view
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of external entrepreneurial structures which are
potential residents of industrial parks (IP). The
procedure for forecasting the performance class
can be represented as follows. First, the values
of IP indicators are substituted into discriminant
functions, namely: leasing of business-ready in-
dustrial premises (x,), participation in regional
state programmes (x ), income tax incentives
(x,), existing production facilities intended for
the accommodation of residents (x,,), free area of
industrial real estate (x,,), total area of office real
estate intended for accommodation of residents
(x,,), heat source (x,,), gas capacity (x,), distance
to the nearest city (x,;), distance to the regional
centre (x), category of industrial parks (X_,.),
position of the industrial park in the general rat-
ing (X,,,.)- Next, a comparative analysis of the val-
ues of discriminant functions is performed and,
based on the highest value of the function, the
evaluated park is attributed to the selected perfor-
mance classes.

Conclusion

The proposed methodology for building a spa-
tial rating of the performance of entrepreneurial
structures in the industrial park operation system
can be applied for grouping and rating IPs to im-
prove the quality of decisions made on the forma-
tion of sustainable development strategies differ-
entiated for each cluster, of both individual ESs in
the system of industrial parks, and their clusters,
and regions in general.

In accordance with the proposed methodologi-
cal approach, we have developed grouping models
that can be used to assess the statistical signifi-
cance of indicators that have the strongest impact
on the formed IP clusters and to perform the rat-
ing of parks in order to select an adequate strategy

for the development of entrepreneurial structures
in the system of industrial parks of the regions of
the Russian Federation.

These studies are recommended for use by en-
trepreneurial structures. Using the proposed and
proven methodology, entrepreneurial structures
can improve the quality of decisions, namely:

— based on the identified two groups of regions
that have a homogeneous orientation of economic
activity, a potential resident, when making a deci-
sion on the placement of production facilities, can
choose a region considering its investment attrac-
tiveness, industrial activity, and the structural ori-
entation of regional processes;

— within the selected clusters of each category
— “brownfield”, “greenfield”, “complex” — groups
with certain characteristics and performance indi-
cators were obtained, which allows entrepreneur-
ial structures to choose the one that will ensure
the building of an effective strategy and scenarios
for providing their sustainable development;

— the resulting system of discriminant equa-
tions makes it possible to forecast the perfor-
mance class of new industrial parks and deter-
mine among them the most attractive for the
placement of resident entrepreneurial structures
from the point of view of external entrepreneurial
structures-potential residents of industrial parks
(IPs).

Based on the results obtained using the pro-
posed methodological approach, federal and re-
gional authorities can receive information on the
performance of both industrial parks and entre-
preneurial structures in the functioning system of
IPs, taking into account the economic state of the
regional environment, which can be used to de-
sign territorial development documents both on
the strategic and on the tactical level.
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