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An approach to assessing the economic complexity of Russian regions by types of economic activity is

proposed. The comparison of the indices of economic complexity of the regions, based on data on the volume
of production by sector, and the indices based on data on types of economic activity. The possibility of
choosing the threshold value of the indicator of the identified comparative advantages for assessing economic
complexity is analyzed. It is shown that at threshold 1, the index of economic complexity by sector and the
index of economic complexity by type of economic activity are highly resistant to changes in the threshold
and have advantages over indices constructed at other thresholds.

1 INTRODUCTION

The paper (Afanasiev, Gusev, 2022) proposed an
approach to the formation of recommendations for the
development of sectors in order to diversify the
regional economy, focused on increasing its
economic complexity. Estimates of the economic
complexity of the regions were obtained in this work
on the basis of data on tax revenues by economic
sectors, which allows us to characterize the structures
of regional economies, including sectors focused on
both external and domestic markets. However,
alternative approaches can be used to assess the
economic complexity of regions.

In the proposed modification of the approach to
assessing the economic complexity of regions,
industrial production indicators are used: the volume
of shipped goods of own production, works and
services performed by own forces for four enlarged
types of economic activity, as well as the structure of
the volumes of shipped products for each enlarged
type of economic activity. As a result, estimates of the
volume of shipped products are formed for 24 types
of economic activity (TEA). On this basis, a matrix of
identified comparative advantages is constructed,
describing the structure of regional economies
according to type of economic activity, and estimates
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of the economic complexity of the regions are
obtained in accordance with the standard approach.

One of the topical issues of the application of the
economic complexity index is considered, which is
associated with the choice of the RCA threshold value
at the stages of formation and comparative analysis of
indices based on various data. The comparison of
estimates of the economic complexity of the regions,
obtained on the basis of data on 24 types of economic
activity with previously obtained estimates of
economic complexity based on data on 82 sectors of
the economy.

2 METHODOLOGY

Description of the structure of the regional economy
according to type of economic activity. To describe
the structure of the regional economy, data on the
volumes of shipped products for type of economic
activity were used. First, we will determine the
indicatorRCA., of the identified comparative
advantages:

RCAcp = (YCp/Zp pr) / (Zc pr/ZCp ycp)l (1)
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where y,,is the volume of production by type of
economic activityp of the region c; RCA,— the ratio
of the share of production by type of economic
activity pin the total volume of production by all type
of economic activity of the region cto the share of
production by type of economic activity pof all
regions in the volume of production by all type of
economic activity of all regions. According to the
work (Hausmann, Klinger, 2006), to identify
comparative advantages in economies, an indicator
RCA_pis used for which a condition of the type of
restriction from below is checked. Namely, if the
value RCA,exceeds one, then it is considered that the
economy of the region chas identified comparative
advantages in the production oftype of economic
activity p; otherwise, there are no identified
comparative advantages:
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The matrix A = (a,,)contains data on type of
economic activity, which in different regions are
developed at the level of the identified comparative
advantages determined using the expression (1). The
rows of this matrix correspond to regions, the
columns correspond to type of economic activity. The
vector (agp,, -+, ac pm )Will be called the structure of
strong type of economic activity of the economy of
region c.

Economic complexity. To assess the economic
complexity by types of economic activity data of
shipped products of industrial production for 2019
were applied the standard approach (Hartmann, 2017;
Hausmann, Hwang, Rodrik, 2006; Hidalgo,
Hausmann, 2009). Economic complexity is a latent
characteristic of a region ECI;, or TEA ECI,.
Estimates of economic complexity have the following
properties: the economic complexity of a region is
proportional to the average level of economic
complexity of strong type of economic activity in the
structure of its economy:

ECI. = a; ¥, 1., ECL,,
Tep = ac,p/kc,m
kc,O = Zp Acps (2)

ecJu RCACp >1;
ecin RCA,, < 1.

where a, is a positive constant.

The economic complexity of type of economic
activity is proportional to the average level of
economic complexity of the regions in the structure
of the economies of which this type of economic
activity is strong:

ECL, = ay ¥.c 1y ECI,,
rp*,c = ac,p/kp,OI
Kkpo = X Gcp 3)
where a,is a positive constant. An indicator
k¢ oequal to the number of strong type of economic
activity in the regionc, we will call the diversification
of the structure of the economy of region cby type of

economic activity. Let ¢ = (ECI,, ECI,,, )" be a
vector-column of values of economic complexity for

regions; p = (ECI,,, ECL,,,-+) — vector-column
of values of economic complexity for type of
economic  activity; Ry = (1.,), Ry = (17.)—
matrices of weights. From the relations (2) and (3) it
follows that ¢ =a,a,R,R,c, p =a,a,R,Rp.
Thus, the economic complexity of the region is
defined as the eigenvector of the matrixR, R,, and the
economic complexity of type of economic activity is
defined as the eigenvector of the matrixR,R,. The
matrices R;R,and R ,R;are stochastic: their
elements are non-negative, and their row sum is 1.
Due to stochasticity, the matrix R;R,has an
eigenvalue equal to 1 and an eigenvector
corresponding to it, which consists of identical
coordinates. In the works (Hausmann, Rodrik, 2003;
Sciarra et al., 2020), it is proposed to use the value of
the eigenvector of matrices R, R,corresponding to the
second maximum eigenvalue as the values of
estimates of the economic complexity of regions and
type of economic activity.

Description of the data. In the proposed
modification of the assessment of the economic
complexity of the regions according to type of
economic activity, the indicators of industrial
production for four enlarged types of economic
activity, as well as the structure of the volumes of
shipped products for 24 types of economic activity,
are used. As a result, according to the Federal State
Statistics Service, the volumes of shipped goods,
completed works and services for 2019 for 24 types
of economic activity were obtained.

With the help of the volumes of products shipped,
works performed and services of industrial
production for the four main enlarged types of

economic activity Vc(r)by region for 2019 (section
13.01), as well as the structures of distribution of

these volumes as a percentage xc(;)for each type of
economic activity within the corresponding main
enlarged type of economic activity in the industry r =
{1,2,3,4}"Mining", "Manufacturing", "Provision of
electric energy, gas and steam; air conditioning™ and
"Water supply; sanitation, organization of waste

collection and disposal, pollution elimination



activities" (respectively sections: 13.04, 13.05, 13.06
and 13.07) it is possible to estimate the volume of
shipped products according to type of economic
activity for most regions. To fill in the gaps that
appeared as a result of the lack of the necessary
information for individual regions and type of
economic activity, a correspondence was established
between 24 types of economic activityfor industrial
production and 82 sectors for tax revenues. The
proportions between them allowed us to obtain
estimates of the volumes of shipped products for all
types of economic activity. Multiplying the shares of
type of economic activity in the volume of the
corresponding enlarged type of economic activity by
the total volume of shipped products for this type
gives the values of the volumes of shipped products
for the specified year for each type of economic
activity in all regions:
9]

_Xo
ycp_m' c

where c- region; p— type of economic activity. As
a result, estimates of the volume of shipped products
for 24 TEA for 79 regions of Russia for 2019 were
obtained.

3 MODELING RESULTS

Economic complexity of type of economic activity.
Estimates of the economic complexity of the regions
for 24 TEA and estimates of the economic complexity
of TEA were obtained. Figure 1 shows a nonlinear
dependence of the economic complexity of regions on
the number of strong types of economic activity.
Regions with a small number of strong types of
economic activity have relatively low estimates of
economic complexity. With the increase in the
number of strong types of economic activity, there is
a tendency to increase the economic complexity of
the regions.

According to the results of calculations of
estimates of the economic complexity of the regions,
the highest values are in the Tambov region (11
strong TEA; economic complexity of the region
0.06441), Kaluga region (7; 0.06103), Ulyanovsk
region (12; 0.05662), the Republic of Mari El (9;
0.05488), the Republic of Mordovia (8; 0.05437),
Penza region (13; 0.05418), the Chuvash Republic
(14; 0.054), etc. These regions are characterized by a
high diversification of the economy in terms of types
of economic activity. Taking into account the types of
specialization of regional economies described in the

work (Ayvazyan, Afanasiev, Kudrov, 2016. 2018),
these regions can be classified as a mixed type. They
specialize in manufacturing and agriculture.
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Figure 1: Dependence of estimates of economic complexity
of regions (ordinate axis) from the number of strong TEA
(abscissa axis).

Relatively low estimates of economic complexity
in the Tyumen region (2; -0.58096), Sakhalin region
(3; -0.47772), Astrakhan region (4;-0.2764);
Orenburg region (6; -0.21304), the Republic of Sakha
(YYakutia) (8; -0.19579), the Republic of Komi (8; -
0.17566). These are mainly regions with
specialization in the extractive industry. Thus, the
developed "processing” and ™agricultural regions”
have relatively high estimates of economic
complexity, while the "mining" regions have low
estimates.

To the question of choosing the RCA threshold.
The Economic Complexity Index measures the
complexity of a region's production structure by
combining information about the diversity of the
economy (the number of strong sectors, or TEA) and
the prevalence of strong sectors (the number of
regions in which the sector or TEA is strong, that is,
produces products at the level of the identified
comparative advantages). The idea underlying the
economic complexity index is that developed
regional economies are diverse (diversified) and
produce products of strong sectors or type of
economic activity, which on average have a low
prevalence, because only a few regional economies
have developed a sector or type of economic activity
to the level of a strong one. The characteristics of the
complexity of the production structures of the regions
can be considered as an indicator of the level of
human and social capital of the regional economy,
since the ability of the region to produce products of
strong sectors with high complexity ratings depends
on the accumulated knowledge and the ability of
people to form social and professional networks in
order to collect, accumulate and use new knowledge
in production (Hidalgo, 2015). One of the topical



issues of practical application of the economic
complexity index is related to the choice of the RCA
threshold value at the stages of formation and
comparative analysis of indices based on various
data.
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Figure 2: A 0-1 region-sector matrix with rows ordered by
ECI ¢ ¢ and columns ordered by ECI , ¢ for various RCA
thresholds.

Figure 2 shows 0-1 matrices describing the
structure of regional economies constructed for
different values of the RCA threshold. The rows of
the matrices correspond to regions, the columns
correspond to sectors of the economy. The dark cell
of the matrix means that the corresponding element
of the matrix is equal to 1. That is, the sector is strong
in the region's economy. Otherwise, the matrix
element is zero and the sector is not strong. The rows
of each matrix are ordered from bottom to top in
ascending order of ECI estimates of the economic
complexity of the regions. The columns are ordered
from left to right in ascending order of ECI,*® estimates
of the economic complexity of the sectors. In applied
research, the threshold value of 1 is used by default,
as it allows for a simple interpretation. In the context
of regions and sectors, with the RCA threshold equal
to 1, the share of production of a strong sector in the
region's economy is higher than the share of this
sector in the national economy.

Let's consider the matrix structure at the RCA
threshold equal to 1 (in Fig. 2 in the center). The
upper rows of the matrix contain significantly more
units than the lower rows. Accordingly, regions with
higher estimates of economic complexity are more
diversified than regions with low estimates. Sectors
with relatively high complexity scores are strong
mainly in regions with relatively high economic
complexity scores. Accordingly, the lower right
corner of the matrix is poorly filled with units. Sectors
with relatively low complexity scores are strong in
regions with relatively low economic complexity
scores. Accordingly, the upper left corner of the
matrix is poorly filled with units.

In the matrix constructed for the RCA threshold
equal to 0.5 (in Fig. 2 on the left), there are more
elements equal to 1. It should be noted that at a
threshold of 0.5, some sectors are strong in almost all
regions. This reduces the informativeness of the
matrix. But this matrix has approximately the same
structure as the matrix with an RCA threshold of 1. In
the matrix constructed for the RCA threshold equal to
1.5 (in Figure 2 on the right), there are relatively few
elements equal to 1. Therefore, it may also not be
informative enough to calculate the economic
complexity index. However, the structure of each of
the three matrices constructed for close RCA
thresholds correctly reflects the idea embedded in the
economic complexity index. Therefore, there is no
reason to use a threshold other than 1 for calculating
RCA. However, it is advisable to check that the ECI¢®
economic complexity index calculated at threshold 1
is stable. That is, it does not change much with a
relatively small change in the RCA threshold. To do
this, it is advisable to consider the correlation matrix
of economic complexity indices constructed for
different threshold values. Such a matrix is presented
in Table 1.

Table 1: ECI¢ correlation for different RCA thresholds.

ECI by

sector.
Threshold 0.5 0.75 1.125 1.25 15
0.5 1] 0.9136 | 0.8360 | 0.8114 | 0.7299 | 0.5659
0.75 0.8824 1 | 0.9361 | 0.9050 | 0.8070 | 0.5755
1 0.7776 | 0.9565 1 | 0.9508 | 0.8479 | 0.5919
1.125 0.7610 | 0.9362 | 0.9699 1] 0.9506 | 0.7198
1.25 0.6854 | 0.8377 | 0.8632 | 0.9434 1| 0.8418
15 0.1678 | 0.1919 | 0.2199 | 0.5810 | 0.5810 1




Table 1 shows the correlation relationship of six
indices of economic complexity of regions,
constructed for RCA thresholds in the range from 0.5
to 1.5. The Pearson correlation coefficients are shown
under the main diagonal of the table. Above the main
diagonal are Spearman's rank correlation coefficients.
The use of smaller or larger thresholds is not
advisable, since with such thresholds it is difficult to
interpret the concept of a "strong sector” and the
corresponding index of economic complexity. In
addition, the evaluation of the relationship of such an
index with the index constructed for threshold 1
becomes insignificant and the possibility of their
comparison is lost. There is a high stability of the
index constructed for threshold 1 when the threshold
value changes in the range from 0.75 to 1.125. The
stability of the index constructed at other values is
lower. These conclusions do not contradict the
recommendations to use in applied research an
economic complexity index constructed for the RCA
threshold equal to 1.

Figure 3 shows 0-1 matrices describing the
structure of regional economies based on type of
economic activity for different values of the RCA
threshold. The dark cell of the matrix means that the
corresponding element of the matrix is equal to 1.
That is, the products of type of economic activity are

produced by the region at the level of the identified
comparative advantages. The rows of each matrix are
ordered from bottom to top in ascending order of
EClIc estimates of the economic complexity of the
regions. The columns are ordered from left to right in
ascending order of EClp estimates of the economic
complexity of type of economic activity. The
structure of the matrices in Figure 3 reflects the same
TEAtures that we observe in Figure 2. Therefore, for
a comparative analysis, we can use the RCA threshold
1, making sure that the corresponding index of
economic complexity is stable

RCA
threshold =

RCA
threshold = 1

RCA
threshold =1.5

Figure 3: A 0-1 region-TEA matrix with rows ordered by
ECI ¢ and columns ordered by ECI p for various RCA
thresholds.

Table 2: ECI ¢ correlation for different RCA thresholds.

ECI,

according

to type of

economic

activity.

Threshold 0.5 0.75 1.125 1.25 15
0.5 1] 09157 | 0.8957 | 0.7361 | 0.7224 | 0.2669
0.75 0.9815 1 | 0.9400 | 0.7967 | 0.8027 | 0.3246
1 0.9385 | 0.9539 1| 0.8222 | 0.8254 | 0.3021
1.125 0.8357 | 0.8513 | 0.8977 1| 0.7560 | 0.2165
1.25 0.8362 | 0.8596 | 0.9351 | 0.8704 1| 04746
15 0.0689 | 0.0499 | 0.0842 | 0.0147 | 0.1215 1

Table 2 below the main diagonal shows the
Pearson correlation coefficients of the indices of
economic complexity of regions constructed
according to type of economic activity. Above the
main  diagonal are  Spearman's  correlation
coefficients. The stability of the index based on type
of economic activity at a threshold of 0.75 is slightly

higher than at a threshold of 1. But the high
correlation coefficients of Pearson 0.95 and
Spearman 0.94 of these indices allow us to use any of
them. As can be seen from Table 3, the Pearson
correlation coefficient of the index by sector at a
threshold value of 1 is higher with the type of
economic activity index at a threshold value of 1 than



with the type of economic activity index at a threshold
value of 0.75. The difference in Spearman correlation
indices is insignificant. For these reasons, it makes
sense to use the economic complexity index for
sectors with a threshold of 1 and the economic
complexity index for type of economic activity with
a threshold of 1 in applications.

Table 3: Pearson and Spearman correlation of ECI ¢ and
ECI c s estimates for thresholds 1 and 0.75.

ECI ., threshold 0.75 | ECI, threshold 1
ECI . ° , | 0.696 0.771

threshold 1.
Pearson
Correlation
ECI . ° , | 0.769 0.758
threshold 1.
Spearman
correlation.

4 DISCUSSION

Let's compare the estimates of the economic
complexity of 79 regions obtained with RCA
thresholds equal to 1, based on data on tax revenues
for 82 sectors and based on data on shipped products
for 24 types of economic activity for 2019. The
Pearson correlation coefficient of the index of
economic complexity of regions for 82 sectors and
the index of economic complexity for 24 types of
economic activity is 0.771. Spearman's rank
correlation coefficient is 0.758.

There is also a relative similarity of estimates for
the most economically complex types of economic
activity and sectors. This is the manufacturing
industry OP2, which corresponds to sector 1125 —
"production of leather and leather products". Type of
economic activity and sectors with low estimates of
economic complexity relate to mining. For type of
economic activity, it is D5 "provision of services in
the field of mining”, and for sectors — 1060
"production of natural gas and gas condensate".
When visualizing the dependence of estimates of the
economic complexity of regions for 82 sectors (Fig.
4), one can observe the same trends that were
mentioned earlier for 24 types of economic activity

(Fig. 1).
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Figure 4: Dependence of estimates of economic complexity
of regions (ordinate axis) from the number of strong sectors
(the abscissa axis).

In Figure 5, the point characterizes the region. Its
coordinate along the abscissa axis is an assessment of
the economic complexity of regions by sector. The
coordinate on the ordinate axis is an estimate for type
of economic activity. In the lower part of the figure
there are points corresponding to three mining regions
(Orenburg, Tyumen, Sakhalin regions). These
regions have the largest production volumes in the
1055 sector (crude oil production). In the upper right
corner are regions with developed sectors of
manufacturing and agricultural products. Regions
located close to the diagonal have similar estimates of
economic complexity by sector and type of economic
activity.
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Figure 5: Estimates of the economic complexity of regions
by sectors (abscissa axis) and type of economic activity
(ordinate axis) for 79 regions.
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Figure 6: Estimates of the economic complexity of regions
by sector (abscissa axis) and type of economic activity
(ordinate axis) without three mining regions

Of particular interest is the consideration of the
situation without the three mining regions mentioned
above (Fig. 6). In the absence of three mining regions
(Orenburg, Tyumen and Sakhalin regions) the
correlation of estimates increases to 0.825. This
suggests that in some cases, estimates of the
economic complexity of regions for 24 types of
economic activity can be used. Estimates of the
economic complexity of regions have high stability in
the transition from data on tax revenues to data on
production volumes and from data on sectors to data
on type of economic activity.

S CONCLUSIONS

An approach to assessing the economic complexity of
regions based on data on production volumes for 24
types of economic activity (TEA) is presented.
Estimates of economic complexity are calculated
based on a standard approach (Hartmann, 2017
Hausmann, Hwang, Rodrik, 2006; Hidalgo,
Hausmann, 2009). It is shown that regions with
relatively high estimates of economic complexity
specialize in  manufacturing and agricultural
industries. Regions with relatively low estimates are
in the extractive industry.

The question of choosing the RCA threshold
value is considered. The structure of 0-1 matrices for
sectors and type of economic activity, constructed for
close RCA thresholds, correctly reflects the idea
embedded in the economic complexity index. A
correlation matrix of indices of economic complexity
of regions for different threshold values is
constructed. It is shown that at threshold 1, the index
of economic complexity by sector and the index of
economic complexity by type of economic activity
have greater resistance to changes in the threshold
than at other threshold values.

A comparative analysis of the estimates of
economic complexity of 79 regions for 24 types of
economic activity and the estimates of economic
complexity presented in the work (Afanasiev, Gusev,
2022) for 82 sectors based on data for 2019 was
carried out. Their correlation was 0.771, without three
mining regions (Orenburg, Tyumen and Sakhalin
regions) the correlation of estimates of economic
complexity based on data on tax revenues by sector
and the volume of shipped products for type of
economic activity increases to 0.825. Thus, estimates



of economic complexity remain highly stable during
the transition from data on tax revenues to data on
production volumes and from data on sectors to data
on type of economic activity. Assessment of the
economic complexity of the regions according to 24
types of economic activity can be useful in solving
management tasks aimed at increasing the economic
complexity of the region.
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