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This paper presents a probabilistic model for identifying potential
sectors for inclusive economic development related to existing
comparative advantages of the regional economy. The model uses
bipartite network representation for the economy’s structures pre-
sented in the paper (Hausmann, Hidalgo, Bustos, Coscia, Simoes,
Yildirim, 2011). For the considered network representation, it is
given the probabilistic interpretation and described some theoret-
ical properties. Also, it is presented the procedure for filtering the
network structure from randomness, which improves the model’s
quality. As an example of the model implementation, for each re-
gion of Russia, it is estimated the probability of a specific sector's
appearance as a strong one in its economy’s structure. Using the
estimated probabilities, a list of sectors recommended for priority
development in a region has been compiled. Based on the list of
recommended sectors, groups of adjacent sectors have been
formed. Also, it is studied the empirical relationships between
characteristics of the considered network representation for struc-
tures of the Russian region's economies and some factors of socio-
economic development factors including economic complexity.

INTRODUCTION

One of the crucial tasks in the regional economy is to study the mechanisms of knowledge diffusion.
Nobel laureate Krugman (2011) notes that careful analysis of developed economies indicates that the
time has come to shift the focus from material factors, such as transportation costs, to non-material fac-
tors, such as knowledge diffusion. Today there are quite a few works that attempt to describe the mech-
anism of external factors' influence on the processes of new knowledge penetration. A complete over-
view is presented in the paper (Beaudry, Schiffauerova, 2009). The transfer of knowledge within or be-
tween sectors is a driving force of economic development. There are two main, but opposite, theories
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describing the mechanism of knowledge creation and diffusion: localized specialization and economic
diversification. As noted in (Kluge and Lehmann, 2012), the theory of localized specialization was first
introduced in (Marshall, 1890) and stated that companies surrounded by other members of the same
industry would grow faster due to the circulation of knowledge within the industry. This theory was further
developed in work (Arrow, 1962; Romer, 1986). In the article (Glaeserl et al., 1992), this effect is called
MAR-externalia by the authors' names who developed this theory. There is a series of articles presenting
both positive and negative effects of specialization on the examples of different countries and industries
(Henderson et al., 1995; Combes, 2000; de Lucio et al., 2002; Dekle, 2002; Blien and Suedekum,
2005). Also noted in (Kluge, Lehmann, 2012), that the opposite theory is presented in work (Jacobs,
1970). It rejects the concept that knowledge flows only diffuse the contours of the same industry. Accord-
ing to this theory, companies will benefit from facing a heterogeneous environment of different indus-
tries, as new ideas will not be formed endogenously, but come from an external environment. The mech-
anisms through which diversity leads to economic growth are usually called economic urbanization or
diversification. An assessment of empirically observed effects within this theory is presented in (Glaeser
et al., 1992; Blien and Wolf, 2006; Lee et al., 2005; Fuchs, 2011; llly, Schwartz et al., 2011).

All studies on localization or diversification theories suggest that these theories work independently
of each other and that one or the other should be chosen. Although half of the papers referenced in this
review (Beaudry and Schiffauerova, 2009) show positive effects from both externalities, neither of these
studies assesses the effects of interaction between them. The effects of localization and urbanization
may complement each other and are not mutually exclusive. Ideally, the regional economy should be
both specialized and diversified. A high level of specialization makes a region vulnerable to adverse
changes in market conditions; too much diversity in economic activity prevents it from concentrating re-
sources for successful competition in world markets. It is, therefore, challenging to determine the best
production structure to create economic growth, specialization or diversity. The solution to this problem
can be the so-called adjacent diversity, see (Frenken et al. 2007). In the paper (Frenken et al. 2007), it
was shown that localized specialization contributes to employment growth while diversification con-
strains unemployment growth. For localized industries with overlapping interests, there is excellent po-
tential for labor and knowledge sharing.

Moreover, innovations and other solutions used by companies in related industries can be more eas-
ily adapted. On the other hand, the presence of a large number of related economic activities in the re-
gion contributes to the generation of new combinations of existing technologies and the redistribution of
risk from unfavorable market conditions through the diversity of sectors in the regional structure econo-
my. A region that becomes dependent on one specific type of economic activity is exposed to severe
risks.The paper (Neffke, Henning, Boschma, 2011) studied the dynamics of change in the regional econ-
omy structure. . It showed that the rapid economic development of regions is likely to be achieved
through the emergence of industries that are technologically connected with the previously existing in-
dustries in these regions. Namely, industries that are technologically related to the previously existing
industries in the region are more likely to diffuse into the region than industries that are not technologi-
cally related. The paper (Neffke, Henning, Boschma, 2011) has shown that the presence of industrial
contiguity conditions the growth in the share of specific industries and that it is easier for regions to de-
velop new industries in the structure of their economies if they are related to already existing industries
in the region. Conversely, companies operating in industries that are not related to other activities are
more likely to leave the region. Self-reinforcing processes arise from the concentration of related indus-
tries, creating endogenous economic growth. There are several articles (see, for example, (Hausmann,
Hidalgo, 2011), (Hausmann and Klinger, 2006), Hidalgo, et al. (2007) studies in which it is presented the
estimator of relatedness between products or sectors. That estimator equals the minimum of the pair-
wise conditional probabilities, which are obtained empirically using a different number of observations
and it leads to uneven statistical reliability. For estimates obtained using a small number of observations,
we get a poor statistical reliability of estimates.

This paper deals with the problem of constructing a model that would allow forecasting the emer-
gence of new strong sectors based on the characteristics of the economy structure with better statistical
reliability since it is used more information about the economies with close structures. The possibility of
constructing such a model is based on the assumption that the life cycle of a sector of the regional econ-
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omy combines dynamics that turn a developing sector into a "mature" one, after which a transition to the
creation of new related sectors is possible. Thus, the evolution of past economic activities contributes to
the emergence of new sectors on its basis. This interaction contributes to the formation of technological
chains, the development process of which creates an integral economy with a high level of economic
complexity, with a more stable growth structure and sufficiently diversified risk factors. Using data on the
regional economies structure, which is characterized by a great variety and different degrees of value
chain development, a probabilistic model is constructed, which allows obtaining probabilistic estimates
for the emergence of a given sector as a strong one the structure of the region's economy. The obtained
probabilistic estimations can be used to solve project management problems (Makarov, 2010), in the
context of forming a list of potential strong sectors of a region associated with already formed 'mature'
sectors in the structure of its economy.

In the construction of the model, it was used the aggregated indicators characterizing the embedding
structures of strong sectors of regional economies. These indicators have been introduced as a result of
probabilistic interpretation and description of matrix elements properties, by which economic complexity
is estimated, see (Hausmann, Hidalgo, Bustos, Coscia, Simoes, Yildirim, 2011). The embedded struc-
tures of economies correspond to different degrees of common value chain development. Aggregate
embedding indicators are statistically significant explanatory variables for economic complexity. Also, it is
introduced the interpretation of aggregated embedding measures in the context of the economic basis,
see (Aivazian, Afanasiev, Kudrov, 2018).

1. THE METHODOLOGY OF RESEARCH

Structure of strong sectors. Regional data on output in a wide range of sectors are used to describe
the structure of strong sectors. To begin with, let us define the indicator RCA, of the identified
comparative advantages:

RCA _ (l}’cp#) Ep.‘ﬂ:p)

& {:Ec}’cp#’ Ec.p.v{!p), (1)

where yp— output of sector p of the regional economy c. Accordingly, RCA., represents the ratio of the
share of production from sector p in the total volume of production from all sectors of the region's ¢
economy to the share of production from sector p in all regions in the volume of production from all
sectors of the economy of all regions. According to the articles in which RCA;, is used to estimate of the
revealed comparative advantages in the economies, see (Hausmann, Klinger, 2006), which is taken with
the restriction from below. Namely, if the value of RCA., exceeds one?, it is considered that the
economy of region ¢ has the identified comparative advantages in the output of the sector p. Otherwise,
it is considered that there are no identified comparative advantages. More formally:

1,if RCA,, > 1
ar = {0 @)
0,if RCA,, <1

Matrix (aclp) contains data on the economy sectors that are developed in different regions at the
level of the identified comparative advantages defined by the expression (1). The rows of this matrix
correspond to the regions; the columns correspond to the economy sectors. Further, we will call the
vector (ac.pl. . aC-Pm) as the structure of strong sectors of the regional economy c or structure of the
economy. Correspondingly, we call a sector as strong in the regional economy, if its share of production
in the region is higher than in the national economy.

Economic complexity and two-layer graph for strong sectors structure. Let us define a two-layer
graph G(X,Y,E), where X is a set of nodes of the first layer that correspond to regions, ¥ — set of
nodes of the second layer that correspond to sectors of the economy, and E — graph edges between

1 Other threshold higher than one can be used.



nodes (strong sectors in the region). Let n be the total number of regions under consideration and m —
total number of sectors.

X ={cqy, ., Cn}

Y ={p1 . Pm}

For graph G(X,Y, E) the nodes of the same layer have no connecting edges. Edges connect only a
pair of nodes from different layers. The presence or absence of an edge between nodes ¢ and p, where
ceEX,peY, is determined by the elements of matrix (ac.p). If a., =1, then there is an edge
between nodes ¢ and p. Otherwise, there is no edge.

The concept of economic complexity of a region is further regarded as a characteristic reflecting the
level of its technological development, which in turn is determined by strong sectors in the structure of its
economy. Similarly, the economic complexity of a sector depends on the technological development of
those regions where the sector is present in the structure as a strong one. Let us give a more formal

definition of economic complexity, which corresponds to the procedure of its calculation presented in the
paper (Hausmann et al., 2011).

Definition (economic complexity). The economic complexity of a region (ECI.) or sector (ECIP) is a
latent characteristic, which has the following properties. The economic complexity of the region is
proportional to the average economic complexities of strong sectors in the structure of its economy.
Namely:

fcp —
’ kc.ﬂ - Zp ac.pr

ECI. =ay 1. » ECIL, ,wherer, , = -
o0

where a,- positive constant;

The economic complexity of the sector is proportional to the average economic complexities of
regions in the structure of whose economies this sector is strong:

_ L .+ _ Bop _
ECI, = a; X7, ECL,, where 1, = E, kpo=2clcp,
where @,- positive constant.

Further, the indicator k. g, which is defined as equal to the number of strong sectors in the economy
structure of the region c, will be called as diversification of the region's economy c.

Let's enter some additional designations:
c= (ECICI,ECI%. ...)T- vector-column of economic complexities for the regions ¢4, €3, -..;
p= (ECIPI.ECIPZ. ...)T- vector-column of economic complexities for the sectors py, pa, ---;
Ry = (1ep), Rz = (1c) - weight matrices.

Write down the properties (a) and (b) in a matrix form: ¢ = a;R1p, p = a;Rsc. It follows from that:
¢ =a,a:R{R>¢,
P = a;a;R2R4p.

Thus, the economic complexity of a region is defined as the eigenvector of matrix R{R3, and
economic complexity of the sector - the eigenvector of matrix R;R;. Note that the element at the
intersection of i-th row and jth column of the matrix R{R>, that is (R1R2),-j, is given by the following
formula:

m

1 QcipeQejps
k.. k '
04

pe.0
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In this paper (Hausmann and Rodrik, 2003) it is suggested to use the standardized second principal

component of matrices Ry{R; and R2R as the values of economic complexity estimations. It should be
noted that the coordinates of the first principal component for these matrices consist of the same values,

as the matrices R{R; and R;R; are stochastic, see (Hausmann, Rodrik, 2003), (Kemp-Benedict E.,
2014). Let us also recall that if X is the eigenvector for matrix A, which corresponds to the eigenvector 4,
then the vector rX, where r is any non-zero real number, is also the eigenvector of matrix A, which
corresponds to the same eigenvector A (for more details, see (Afanasiev, Kudrov, 2020)).

Interpretation matrix R{R> elements and their properties. Let U. — random variable corresponding
to region c that takes values from the set {i: Aep, = 1} with equal probabilities, that is:

P(Uc = i") = é , Where 1 € {L aC-P:’ - 1}' and kc'ﬂ - }nzl ac.p_j- @

Let's also assume that Vp — random variable corresponding to sector p, which takes values from the
set {izm,_, = 1} with equal probabilities, that is:

1 .
P(Vp = r) = where r € {L: e, p = 1}. and kpo = Z?:lacj.p- (2)

Random variables U and Vp are assumed independent. For this model, we calculate the probability
Wy = P(on the graph G(X,Y,E) there is a path from node c; to .:.'J,-) =

. Ac.ps Tepp 1 s, pele by

_ N'm _ _ _ y'm PPE — m L ]

=Xt PU, =tV =j) = t=1% ko o R dt=1T .
c;.0 pe0 c;,0 pe0

(3)

Therefore, matrix (WI-.J,-) matches up with the matrix R;R3, which, in turn, evaluates the economic
complexity of the regions. Note some properties for (w; ;). For each i € {1, ...,m} the sum of probabili-

tiesw; 4, ..., W; , €quals one:
m
Z Wl'.t == 1.

=1
If there is at least one strong sector in region ¢; then w; ; > 0. Otherwise, w; ; = 0.

The fairness of this statement is easy to show, since:
m
1 a..
W =) =0,
kc,—.o =1 pe.0
and zero value is reached only when @, ,, = 0,t=1,..,m, but there are no such cases in our data

which will be considered further. Elements w; ; are equal to zero if and only if the following condition is
fulfilled: {t: a,, ,, = 1} n{t:a, ,, = 1} = 0.

The fulfillment of this condition means the absence of common strong sectors in the economic struc-
tures of the regions ¢; and ¢;. In each row of the matrix (W!-,j-) the maximal element corresponds to the

diagonal element, i.e. W;; = MaX;er; (W ;). Let's show it. Due to:
m m m
W = 1 Z aci-ptaﬂj'pt < 1 acf-pr _ 1 Z aﬂz‘-ﬂraci-iﬂr
= < =
kc;—.ﬂ =1 k;at.o kc;—.ﬂ =1 k;at.o kc;—.ﬂ =1 kpt.o

we get that w; ; = w; ;. Moreover, equality in the latter inequality is achieved only when the following
condition is satisfied:

{tac,p,, = 1} € {L: Acpe = 1}

11



Fulfillment of this condition means that all strong sectors of the economic structure for the region c;
are also strong sectors in the structure of the region ¢; economy. If this condition is not satisfied, we have
severe inequality:

ke

Matrix asymmetry (W!-,j-). It's easy to show that Wi =

i?

w; ;- If the level of diversification in region

c J',IJ

¢; coincides with the level of diversification in region c¢;, then w; ; = w; ;; if the level of diversification in

i'.j;
region c; is more (less) than the diversification in region ¢;, then w; ; = w; ; (u{r-.;- < w!-,j-). Thus, different
levels of diversification of regions guarantee asymmetry of the matrix (w; ;).
W
From properties (2-3) it follows that the ratio f can be interpreted as characteristic of the
i1
embedding degree of the strong sectors set in region c; into the set of strong sectors for region c;. The
lower this ratio, the fewer strong sectors in the structure of region c¢; are included in the set of

{t: Acipy = 1} strong sectors in the structure of the economy in region Cj.

Aggregate index

2
1!.(1] =yn (m) Jd=1,..,n (4)

L
J wij

characterizes the extent to which the structure of the strong sectors of the economy structure in region c;
is embedded in the structures of the strong sectors of other regions. Let us call this indicator as the
aggregate embedding of the structure of the region's economy. The minimum value Il-l, which is equal to
one, appears either in conditions when the structure of strong sectors in region ¢; consists of unique
sectors, for which w; ; = 0 for all i =+ j. Aggregate index

2
(2) _ Wi . _
Ij = ;Izl (w—“) ] = 1,..,n (5)
characterizes the degree of embedding in the structure of strong sectors in the structure of region c;. We
call this indicator as the aggregate embedding in the structure of the region’s economy. When the

. . . 2
number of strong sectors in the structure of region ¢; increases, the value of Ij.{ ) does not decrease. The

- 2 . .
minimum value I’J,-( ) equals to one, appears when the structure of strong sectors for region ¢; consists of

(2
Ij_

unique sectors, that is when w; ; = 0 for all i = j. The correlation of with the index of diversification

of strong sectors in region ¢; is 0.99, which indicates that the process of diversification in Russian
regions is mainly formed not by the unique strong sectors, but by the development of embedded

structures. The correlation coefficient II.{I] with the index of diversification k. o is 0.21, and the
correlation between the index of embedding of the structure and the index of embedding in the structure
is 0.18, which suggests that they are not correlated.

Null hypothesis: no adjacent sectors in the economy. Among the set of calculated characteristics of

the embedding degree of the strong sectors (E) one should distinguish the values which are
L

statistically different from zero. For this purpose, let us consider the problem of approximating the
W
embedding characteristic f distribution function in the assumption of absence of adjacent sectors in

i
the structure of regional economies (let us denote this hypothesis as Hy). This problem is solved by the
following procedure:
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— Stage 1: possible scenarios for the matrix (ac.p) are generated under the fairness of Hy hypothesis.
To model these scenarios, it is proposed to use the algorithm presented below:

— Step 1. Set the number of iterations, K = 1000
— Step 2. Let denote through S,, the set of all the bijective mappings of the set {1, ..., n} into itself. The
number of elements in the set 5, equals to n!l. Let F be a random permutation that can take any val-

ues from the set §,;:
1 e 1
F (F ~(rw f(n)))zﬁ

where (f(1),..., f(n)) €S,,.

We generate a sample of size mK of independent random permutations for the ordered set
(1,...,n), where m is the number of sectors.

. 1 n
Fer._ .=( ),'=1,...,m.
Ue—=1)mo+J ﬁik—l]m+j(l) ﬁik—l]mtr'(n) J

— Step 3. For each scenario k = 1, ..., K, using the permutations F(k_l]m+j,j = 1,..,m generated in

the previous step, calculate the elements of matrix (a‘gf;]), which are defined as follows:

(k)
Ceimj = CF (k-1 ym 0P
Note that
~Lk .
r, aﬁz_?p}_ = Xi18cp, forallj € {1,..,m}. (6)

. . . . . ~(k ..
Moreover, if for scenario k there is such region c; for which z;?;la;;j =0, such a scenario is ex-

cluded from consideration.

— Stage 2: for each of the generated scenarios the values of the characteristics of interest are
calculated. For example, the embedding characteristics.

— Stage 3: approximation of the distribution of the characteristics of interest is constructed using the
empirical function of distribution of values obtained at Stage 2.

It should be noted that the obtained distribution function approximation for the embedding
W
characteristics distribution f do not depend on i and j, where i and j correspond to regions. Besides,
i1
the distribution functions of regional diversification coefficients obtained as a result of the modeled
scenarios coincide for all regions. Using the obtained empirical distribution function it is possible to
check the hypothesis about equality to zero of the embedding characteristics for the structure of strong

sectors of the region ¢;,j = 1,...,n,j # i, namely:

Hoi = Ovs Hyipd # 0 (7)

W
at the given significance level @ = 0,95. 95%-quantile for the distribution f under the null hypothesis
1,1

equalsto 0,47.

Graphs regionregion by embedding degree characteristics. Let us define matrix
[signif — (£:l35"‘f|i,j € {c,, ....cn}), which is defined as follows:
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Wij .o Wij
— — if = = 0,47 .
zj‘f“‘f = [w;—,;— wii (8)
0, otherwise

Let L59™f pe the adjacency matrix for the graph of "significant embedding characteristics"
Gsiamif = (ysignif, psiamif) with directed weighted edges, see Figure 1.

Figure 1: Graph of "significant embedding characteristics', %9/ = (ysignif | psignif’),

This graph reflects statistically significant embedding of strong sectors structures. It should be noted
that the node numbers correspond to the numbering of regions used in the articles (Afanasiev, Kudrov,
2020; Ayvazyan, Afanasiev, Kudrov, 2018). The largest number of incoming edges on the graph of
"significant embedding characteristics" corresponds to: 1) node 47 (Chuvash Republic) with the number
of incoming edges equal to 45; 2) node 15 (Tver region) with the number of incoming edges equal to 47;
3) node 69 (Novosibirsk region) with the number of incoming edges equal to 42. These regions are
characterized by the fact that their economies have the most number of adjacent sectors, which are
replicated to varying degrees by regions corresponding either directly or indirectly to the incoming edges.

The model of recommendations forming for the development of the economic structure. At present,
algorithms of recommendations formation are widely used in the selection process (see, for example
(Glodberg et al., 2001). A very general statement of this task consists in recommending those variants of
choice that correspond to the characteristics of the object for which recommendations are made to the
greatest extent. In the case of the structure of strong sectors of the regional economies,
recommendations give a list of potentially achievable strong sectors with the given characteristics of the
region, as well as using information on strong sectors in regions similar to it. More formally, possible
ways of implementing this procedure are presented below. Define the random variables:
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1, with probability m(f2 ;.. 2 pe)
. :{ with probability w(fz p,, fpys ) ©)

0,with probability 1 — w(f} p,., [ prr )

where fC?-Pk'fC:z'-Pk' ...— factors, impacting the appearance of the events A =l and A = 0. Next,

we'll assume that the function w(fz .., f% . --. ) has the following form:

Ci.Pk Ci.Pk

_ exp(Bo+YBniL p,)
1+exp(Bo+¥BnE p;)

n(ﬁ?}-Pk' ﬁ?az'-pk' )

, By — constant (10)

Suppose that a sequence Qg ., -, ¢, pos-1 Qe pyr s Ay p,, 1S the realization of a random

sequence A¢ b -, Ac p s Ay pys 0 Aep,y WHOSE €lements are assumed to be independent when
1 fL . are known. Moreover, we assume that
C1.P1' /C1.P2

P(Ag,pi [ oo St par ) = P(Ag, pp | it pr s fil g - ), i€, the factors affecting the distribution of

Ac, p, are limited by the set fil ., ., fl o - With the lower pair of indices (¢;,px). Then likelihood

function has the following form:

P(‘A‘Cl-h = i31'5"1431' 'AC1-Pm = aC1-Pm' 'Acn-h = acn-h' 'Acn-Pm = aCn-Pmlﬁ‘i-Pl'ﬁ"i-Pz' )
P(Acl-pl = ac, p,|fes pys '"'f;'r;'pl"") et P(Acn-pm = ey po | fer oo ----ﬁi-pm----) =
[ exp(Bo+EBn L p,) ]p[ 1 ]1‘“614’1 _
1+exp(Bo+TBrIE b, ) 1+exp(Bo+YBrrL p,)
_ [ exp(Bo+ B SE o) }m[ 1 ]lm
1+exp(Bo+EBnrE, om) 1+exp(Bo+TBrIE o) '

By maximizing this likelihood function, we obtain the estimates of parameters f54, ..., B, ... To assess
the quality of the model, we will use the Akaike criterion as well as the following characteristics:

G = %E:.kf("(”(ﬁi.pk-ﬁ-m' ) = 0'5) = Qo)

where I(A4) — indicator of the event A. Note that G characterizes the proportion of cases correctly
identified by the model.

Consider three possible ways to form explanatory variables fc?.p;(- .fc‘;‘.pk.

Form 1.: for this form h = 1. Let us define the metric of difference between the structures of strong
sectors of regions ¢; and ¢;, i # Jj, as follows (see (Afanasiev, Kudrov,2020)):

Il_ Z(a(ci),a{cj}) i
. |a(c!-)|+|a(cj)| '

a(e;) = (gyp,s s Oeppyy)

a(g) = (ﬂcj-.pg ...,acj..pm)

determine the structure of strong sectors in the regions ¢; and ¢;, respectively; the operation (-,) is a
scalar product; the operation |-| applied to a vector gives the sum of its coordinates.

d(a(c!-),a(cj) =

where vectors

If the structures of strong sectors of two regions ¢; and ¢; coincide, then ale) = a(cj) and
d(a(ci).a(cj)) = 0. If the structures of strong sectors do not intersect, then the scalar product
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(a(ci).a(cj))=0 and the distance between these structures is the highest possible value,

d (a(cl-),a(cj)) = 1. Now define the factors f.! , ,...foralli = 1,...,n;k = 1,...,m:

n

forne = Z (1—d(a(q),a[cj)))a%pk.

J=1j#i
Factor ﬁ:}.pk takes on large values in case the sector p;, is encountered quite often in regions whose
strong sectors structure is close to that for region c;.

Table 1. The parameters estimates for model of the strong sectors identification (Form 1).

Estimate Standard deviation t-statistic p-value
Constant -2,87 0,06 44,12 0,00
1
ﬁ?a'-[ﬂk 0,19 0,01 36,63 0,00
G 0,8
AlC 5882

As it can be seen from the results presented in Table 1, the model correctly identifies 80% of the
total number of cases.

Form 2: for this form h = 2. Define the factors f. ., fiZp, foralli = 1,...,n;k =1, .., m:

n
_ &j=1jz Wiy

Floe =
1Pk 1—w.. :
i,1
W, -
?: 1.j2i W_'i_ Qcpy
f2 — J.d
cLbE N W,
=LjEy

For this form of explanatory factors formation the estimates of the model parameters (9) - (10) are
presented in Table 2:

Table 2. The parameters estimates for model of the strong sectors identification (Form 2).

Estimate Standa'rd devi- t-statistics p-value
ation

Constant -2,94 0,07 -43,42 0,00

1
Jeipx 2,91 0,83 3,52 0,00

2
fc!. D 18,15 0,91 20,12 0,00

G 0,8
AlC 5681
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As it can be seen from Table 2, the coefficients at fci{pk and ﬁ:!z-.p;( are significant and positive. The
model correctly identifies 80% of the total number of cases and has nearly the same value for the Akaike
criterion as for the previous Form 1.

Form 3: for this form h = 2. Define the factors f.} ., f2,, foralli =1, ...,n; k = 1,...,m:

g w!jf(—!:r—> 047) A,y

feio = ’
=12 Wi, 1(—i> 047)

- —LW_ 1(—Lw >047) A

f2, = Jog Mg

* n —f—f(—L> 047)
IELIE Wy AW

Estimates of the model parameters (9) - (10) with the factors fcr?-p;f-fc:az--pk are presented in Table 3:

Table 3. The parameters estimates for model of the strong sectors identification (Form 3).

Estimate | Standard deviation t-statistics p-value
Constant -3,22 0,08 41,78 0,00
1
fc!.m 2,93 0,15 19,30 0,00
2
feime 3,26 0,15 21,24 0,00
G 0,83
AlC 4592

As it can be seen from Table 3, the coefficients at ﬁfi-?k and ﬁ:flpk are significant and positive. For
this form of explanatory variables, the proportion of cases correctly identified by the model differs slightly
from the proportion for Form 1 and Form 2, it equals to 83% of the total number of cases. However, the
value of Akaike criterion is somewhere 21% less than for Form 1 and Form 2 of defining the explanatory
variables. From that we could conclude that filtering and extracting significant embedding degree
characteristics improve probabilistic properties of the model.

2. DISCUSSION OF THE RESULTS

Relationship between the indicators of aggregated embedding and economic basis. In the paper
(Ayvazyan et al., 2018) it is presented the concept of economic basis, the components of which are
characteristics of differentiation formed by theoretically justified models of regional development. It
includes a scale of economy, technical efficiency of production, index of sectoral specialization (based on
the first principal component of GRP structure), industrialization index (based on the second principal
component of GRP structure), a trend of technical efficiency. The position of a region on the basis of
differentiation characteristics determines its economic uniqueness. For a more detailed description, see
the paper (Ayvazyan et al., 2018). Let us consider the regression of the logarithm of the indicator of the
embedding degree of the economy's structure into the components of the economic basis.
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Table 4: Regression of the logarithm of the aggregate embedding of the structure indicator on the economic basis.

Estimate Standard deviation t-statistic p-value
Constant 2,19 0,04 59,52 0,00
Scale of economy -0,18 0,04 -4,51 0,00
Technical efficiency -0,07 0,04 -1,67 0,10
Sectoral specialization index -0,18 0,04 -4,65 0,00
Industrialization index -0,05 0,04 -1,36 0,18
Trend of technical efficiency 0,04 0,04 1,08 0,29
R-squared 0,43
Ads.R-squared 0,40

Regression parameter estimates of logarithm II.[l} on the economic basis allow us to see that a small
degree of embedding of the regional economy structure is typical for large economies with specialization
in the mining industry. The negative sign in the sectoral specialization index indicates that there are no
adjacent sectors localized in regions with specialization in the mining industry, which forms value-added
from mining. A high degree of embedding is typical for small economies with specialization in manufac-
turing. Thus, regions with specialization in the manufacturing industry are characterized by the formation
of value chains localized in these regions.

Table 5. Regression of the logarithm of the aggregate embedding in the structure indicator on the economic basis.

Estimate | Standard deviation t-statistic p-value
Constant 2,13 0,05 42,47 0,00
Scale economy -0,03 0,05 -0,54 0,59
Technical efficiency 0,01 0,05 0,24 0,81
Sectoral specialization index -0,32 0,05 -5,97 0,00
Industrialization index 0,04 0,05 0,69 0,50
Trend of technical efficiency 0,06 0,05 1,23 0,22
R-squared 0,3552
Ads.R-squared 0,3116
Regression parameter estimates of logarithm II.{ ) on the economic basis show that the significant

explanatory variable is only sectoral specialization index. A high degree of embedding in the structure of
the region's economy is typical for economies with specialization in the manufacturing industry, and a low
degree of embedding in the structure is typical for economies with specialization in the mining industry. It
also points to the formation of localized value chains in regions with specialization in the manufacturing
industry.

Relationship of economic complexity with the indicators of aggregated embedding. As mentioned
above, the economic complexity of a region is determined by strong sectors in the structure of its econo-
my. The article (Afanasyev, Kudrov, 2020) presents the estimates of economic complexity for the Rus-
sian Federation's regions, for calculating which the data on tax receipts in 82 sectors of the economy for
the regions of the Russian Federation were used. Table 6 presents estimates of parameters in the re-
gression of economic complexity of Russian regions obtained in the paper (Afanasyev and Kudrov, 2020)
on the logarithm of aggregated embedding in the structure of the economy’s strong sectors and the loga-
rithm of aggregated embedding of the structure.
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Table 6. Regression for the economic complexity of regions from the article

Estimate Standard deviation t-statistic p-value
Constant -4,18 0,45 -9,22 0,00
Log(aggregated embedding of the 0,96 0,19 514 0,00
structure)
Log(aggregated embedding in the 0,97 0,15 6.65 0,00
structure)
R-squared 0,55
Ads.R-squared 0,54

Source: Afanasyev and Kudrov, 2020

As can be seen from the results, the high level of economic complexity corresponds to the high level
of embedding degree in the economy’s structure simultaneously with the high level of embedding degree
of the structure. In contrast, a low level of economic complexity corresponds to a low level of the index of
the embedding of the economy structure simultaneously with a low level of the index of the embedding in
the structure. Thus, the economic complexity index can be interpreted as a measure of the level of de-
velopment value chains or adjacent sectors.

3. RECOMMENDATIONS

The constructed model allows us to explain the emergence and absence of a strong sector in the
structure of the economy of each region. For each region, the probability of emergence of a specific
sector as a strong one in its structure is estimated. On this basis, a list of sectors recommended for
priority development in a region has been compiled. Based on the list of recommended sectors and
embedding structure shown in Figure 1, groups of adjacent sectors have been formed according to the
following procedure, which is presented below in details for the agricultural sector:

a. Form a list of regions with specialization in agriculture according to the methodology presented in the
paper (Aivazian et al., 2016).

b. Using the model (10) estimated in Form 3, calculate the probability of occurrence of each sector of
the nomenclature under consideration py, ..., P,,, for each region from the list formed at the previous
step.

c. For each sector calculate the average probability of its occurrence by the regions from the list formed
at step 1.

d. Take only those sectors where the average probability of occurrence exceeds 50%.

The resulting set of sectors will be called adjacent sectors for the agricultural sector. It includes the
following sectors:

— crop and livestock breeding, hunting;

— beverage industry;

— dairy production;

— food production;

— processing and preservation of meat and meat-based food products;
— textile manufacturing;

— leather and leather goods production;

— wood processing and manufacturing;

— transportation and storage;

— wholesale and retail;
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— electricity, gas and steam supply; air conditioning;
— water treatment and distribution.

For the majority of regions specializing in agriculture, the development of the "Transportation and
Storage" sector is required, which will allow for greater territorial coverage in the supply of manufactured
products. In the future, national and international commodity flows are expected to increase, and
improved accessibility and physical expansion of transport infrastructure are necessary to make optimal
use of this potential. Given other infrastructure problems for agricultural development, the
recommendations include the development of the sector "Water treatment and distribution", which is
necessary for the functioning of irrigation systems, as well as the sector "Electricity, gas and steam
supply; air conditioning" for the development of greenhouse complexes, which require high energy
consumption in creating a microclimate. Besides, in some regions with specialization in agriculture, the
manufacturing sectors for agricultural products are not well developed: beverage industry (Vladimir
region, Pskov region, Voronezh region, Kostroma region, Orel region, Smolensk region), processing and
preservation of meat and meat food products (lvanovo region, Republic of Adygeya), food production
(Kostroma region, Republic Dagestan), dairy products (Smolensk region, Republic Dagestan). It should
also be noted that the development of agriculture contributes to the demand for the development of the
agricultural machinery sector, as well as many other sectors. Including sectors that offer solutions that
promote process automation both at the level of agricultural work and at the level of the manufacturing
industry health and food safety are also essential factors that should determine the technological
features of production.

The advantages of complementarities between adjacent sectors can be enhanced by the advantages
of being located within the same region. Stimulating the development of adjacent sectors requires not
only economic policy solutions, but also education, labor mobility, and housing. It also implies close
cooperation and coordination to the maximum extent possible between state authorities, entrepreneurs
and educational institutions. Connected sectors stimulate cooperation and innovation, in the sense that
proximity within a region ensures mutual diffusion of knowledge at relatively low costs. Also, strategic
coalitions between economically similar regions and cooperation with universities and scientific
institutions can be very useful, facilitating the diffusion of new, additional knowledge from outside.

CONCLUSION

It is shown a probabilistic interpretation of the matrix elements used to estimate the economic
complexity (Hausmann, Hidalgo, Bustos, Coscia, Simoes, Yildirim, 2011). Their properties are given,
based on which aggregated indicators are introduced, characterizing the embedding of strong sectors
structures of regional economies and explaining the economic complexity. Economic complexity is higher
in those regions that have a high degree of embedding. On the other hand, embedding indices prove to
be statistically significantly related to some components of the economic basis presented in the paper
(Ayvazyan, Afanasiev, Kudrov, 2018). The most significant relationship is revealed with the index of
sectoral specialization, which indicates that large values of embedding indicators correspond to regions
with specialization in the manufacturing industry.

Restrictions on embedding characteristics that meet the scenarios of random embedding of strong
sectors of regional economies are obtained. Random embedding structure formation corresponds to the
scenario of the absence of adjacent sectors linking several sectors. Using these constraints, a graph of
embedding structures of regional economies was constructed, where insignificant embedding was ex-
cluded. This graph is a convenient way to visually present information about embedding structures of
strong sectors of regional economies.

It is considered a model with the different sets of explanatory variables which explains the emer-
gence and absence of a strong sector in the structure of the region's economy. On its basis the condition
of the appearance of a certain strong sector in the structure of the economy of a particular region with
the probability exceeding 50% has been obtained. This condition has been used for forming the list of
sectors recommended for priority development in the region. For each region, the probability of a specif-
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ic sector's appearance as a strong one in its economy’s structure is estimated. Based on ordering the
sectors by the value of these probabilities and estimations of their potential contribution to social and
economic development, an expert estimation of expediency of development of a new strong sector in the
region can be made.
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