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The paper presents the results of building a model for diagnosing and forecasting the economic activities in
the city of Ufa. This study was performed as the analytical support for creating an economic development
strategy in a metropolitan city. The novelty of the approach is in the detailed analysis of the city-level indicators
of the development of economic activity. This allows to identify the problems in the development of the social
and economic spheres. A vector autoregression model which takes into account the correlations between the
main macroeconomic indicators was chosen as a tool for diagnosing the economy. . A preliminary statistical
data analysis was done and cause-effect relations were determined in the article. Vector autoregression models
were made for the following branches of the city economy: industrial production, construction, wholesale and
retail trade, transport and communication. The represented types of economic activities hold the main economic
potential of the metropolitan city. The modeling period covers the period from the Ist quarter of 2009 till the
3rd quarter of 2014. As a result of this study we managed to determine the competitive advantages and specific
problems of the economic system in the metropolitan city, analyze the basic factors and actions for overcoming
adverse trends in the future. The obtained information could be useful for public authorities to solve problems
connected with enhancing the welfare of the population, improving the living standards of citizens, developing
the infrastructure, contributing to the effective prosperity of the social and economic spheres of the city,
developing a competitive economy, expanding the external economic relations.

ECONOMETRIC MODELING; TIME SERIES ANALYSIS; VECTOR AUTOREGRESSION MODEL; FORECAST-
ING; ECONOMIC SECTORS.

B cratbe mpencraBieHbl pe3ybTaThl pa3pabOTKM MOJAEIM TUAarHOCTMKM W MPOTHO3MPOBAHUS BUAOB BKOHO-
MMUECKOI NesiTeibHOCTUA ropona Ydul. JlaHHOe rccienoBaHue MpeAcTaBseT coboi aHATMTUUECKYIO MOAIEPK-
Ky CO3JaHUs CTpaTeruyd SKOHOMWYECKOTO pa3BUTHS cToiulbl bamikoproctana. HoBu3Ha maHHOTrO moaxoza 3a-
KJTIOYaeTcsl B JeTaIM3MPOBAHHOM aHaju3e WHIWKATOPOB Pa3BUTHSI BUAOB 3KOHOMMYECKON AESITeIbHOCTH Ha
YPOBHE TOpOMa, YTO IMO3BOJUT BBIIBUTH MPOOJIEMbI Pa3BUTHSI COILMATbHO-3KOHOMUYECKOI cdhephl. B kadecTBe
MHCTPYMEHTA MMarHOCTUKM SKOHOMMKM BbIOpaHAa BEKTOPHAsi aBTOPErPECCMOHHAsI MOJEb, KOTopas IMO3BOJSIET
YUYECTh B3aMMOCBSI3U MEXIy OCHOBHBIMU MaKpO3KOHOMUYECKMMM TokKaszateasiMu. B paboTe mpoBeneH mnpenBa-
PUTETLHBIN CTATUCTMUYECKUI aHAIM3 JaHHBIX W BBISIBICHBI TPUYMHHO-CIIEACTBEHHBIE CBSI3U. Jlajiee TTOCTPOEHBI
BEKTOPHBIE aBTOPETPECCUOHHBIE MOMAEM JJISI CJASMYIOIINX OTpacieil SKOHOMUKU Topoja: TMPOMBIIIUIEHHOE MpO-
MU3BOJICTBO, CTPOUTEJILCTBO, OINTOBAsl, PO3HUYHASI TOPrOBJISI; TPAHCIOPT U CBs3b. [IpeacTaBieHHbIE BUABI KO-
HOMMUECKOI NeATEbHOCTA COCTABISIIOT OCHOBHOM SKOHOMUWYECKMWI MOTeHILMal Meramnojuca. [Ipu atoMm nepu-
on MonenupoBaHue coctapisul ¢ 1 kBaprana 2009 r. nmo 3 kBapran 2014 r. Ha ocHOBe MojiydeHHbIX alieKBaTHbIX
MojeJieii ObLIO BBITTOJIHEHO KPaTKOCPOYHOE ITPOTHO3MPOBaHME MaKpOIKOHOMHYECKMX ITOKasaTesiei, KOTopoe
MOATBEPAMIIO 3HAYMMOCTh MoaenrpoBaHus. C TTOMOIIBIO MPOBENEHHOTO MCCIEAOBaHUS YIAIOCh BHISIBUTh KOH-
KYpPEeHTHBIE TPEeUMYILECTBA U crieluduyeckue mpoodieMbl (YHKIIMOHUPOBAHUSI SKOHOMUYECKON CUCTEMbl Me-
rafnoJjiuca, MpoaHaIu3MpoBaThb OCHOBHbIE MPUUYUHBI, (DAKTOPHI U ACUCTBUS AJIs1 MTPEOA0JIeH s HEOIaronpusITHbIX
TeHIeHUUU B Oyayueit nepcrektuse. [ToayuyeHHasi MH(pOpMalMsl MOXET ObITh IMOJie3Ha ISl OPraHoB rocyaap-
CTBEHHOM BJIACTH B PEIICHUM BOIPOCOB, CBSA3aHHBIX C POCTOM OJIATOCOCTOSTHUS HACEJIEHUS, TIOBBILICHUEM U
VIyYIIEeHUEM YPOBHS M KadyecTBa XKM3HU TOPOXKaH, pa3BUTHEM MHOPACTPYKTYphl, 3PdOEKTUBHOM IPOLBETAHUU
COLMATIbHO-2KOHOMUYECKON cdepbl Topoaa, pa3BUTHEM KOHKYPEHTOCIIOCOOHON 3KOHOMMKM, paCIIMPEHHEM
BHEIIIHUX CBSI3EH.

BHKOHOMETPUYECKOE MOJIEJIUPOBAHUE; AHAJIU3 BPEMEHHLIX PA0B; MOJIEJIb BEKTOPHOM AB-
TOPEI'PECCHUU; ITPOTHO3; OTPACIN DKOHOMMUKMU.
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Introduction. At the present stage of
development, one of the significant issues that
many of the world’s countries face is creating an
efficient socio-economic urban development
management mechanism that can coordinate the
current processes to ensure all areas of life with
the future long-term prospects. This problem is
highly important in Russia, as the proportion of
the urban population is 73.7 % according to the
data gathered in 2010, also all factors forming
the economic potential of the country are
concentrated in the cities. Many urban districts
of the Russian Federation analyze the current
situation in the socio-economic sphere. Ufa, the
capital of the Republic of Bashkortostan, is
among the metropolitan cities [1]. The city is a
center of culture, science and education, as well
as the growth hub of the regional economy.
About 200 large and medium-sized industrial
enterprises are located in Ufa, with about 40 %
of the republic’s industrial potential concentrated
there. The city is prospering and it is important
to study the main types of its economic activity
and to carry out comprehensive programs of
social and economic development.

The results of creating an adequate dynamic
diagnostic and forecasting model for Ufa’s
economy based on econometric modeling are
presented in the article.

The novelty is that comprehensive research
of economy of the city of Ufa as a separate
territorial entity in view of the branches and
taking into account the long-term response of
investment and industrial components was
carried out for the first time. The result was
obtained by using vector autoregression models.
This approach allowed diagnosing the main types
of economic activities, making forecasts on the
future prospects of the key macroeconomic
indicators, detecting competitive advantages and
problems of the functioning of a metropolitan
economic system.

1. Research methodology and preliminary
analysis of data. The econometric approach was
chosen as a main method for diagnosing the
economic activities, with a vector autoregression
model (VAR-model) created, which is an efficient
forecasting instrument capable of finding short-
term forecasts and taking into consideration the
influence of lagged values and factors on the
dynamics of the main economy indicators
[3, pp. 1590—1595; 4].

Modeling was carried out with the data for
the period from the 1% quarter of 2009 till the 3™
quarter of 2014. The following industries:
industrial production, construction, wholesale
and retail trade, transport and communication
were chosen for the analysis. These economic
activities for Ufa are important in terms of
contribution into the metropolitan economy.
Indicators and their descriptions used in the
study are shown in Tab. 1. The choice of factors
was based on works by Sukhanova and Shirnaeva
[3, pp. 1590—1595], and Deryugina and
Ponomarenko [4], consultations with the city
administration were held as well. Data from the
territorial authority of the Bashkortostan Federal
State Statistics Service [2] and the Central Bank
of the Russian Federation [5] formed the
information base. Since all of the considered
time series followed the lognormal distribution
occurring due to the smaller effect of additional
units on the result, logarithms were found for all
data sets before the analysis.

A preliminary data analysis was carried out at
the beginning of the study:

1) with the help of the augmented Dickey—
Fuller test (ADF-test) [6, pp. 427—431, 7] it was
defined that all processes were static as
conversion from initial data into growth rate was
done (Tab. 2);

2) with the help of Granger causality test
[8, pp. 424—438, 9, pp. 167—173] it was revealed
that endogenous variables are logarithms of
growth rate of shipped products and logarithms
of growth rate of the volume of investment into
the fixed capital aimed at all economic activities.
The rest of the indicators are exogenous.

Thus, four vector autoregression models based
on preliminary data analysis were created. They
allowed estimating Ufa’s economy efficiency by
branch.

2. Vector autoregression models of Ufa’s
economy. The developed vector autoregression
models of Ufa’s economic activities were
checked for adequacy and reliability of their
indicators (Tab. 3). High t-statistics values of
model parameters proved the statistical significance
of the coefficients of the developed models, high
F-test values of the models for each equation
showed the connection of macroeconomic
indicators, the values of determination coefficients
close to unity showed the appropriate fit quality
of the models.
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Table 1

Initial data for the economy analysis of Ufa based on vector autoregressions

Designation Description
InVInd Logarithm of the growth rate of the shipped industrial products (%)
InNInd Logarithm of the growth rate of the average number of industrial workers (%)
Inlnvind Logarithm of the growth rate of the investment volume into the fixed capital aimed at the
development of industrial production (%)
InVCons Logarithm of the growth rate of volume of the shipped construction production (%)
InNCons | Logarithm of the growth rate of average number of construction workers (%)
InInvCons |Logarithm of the growth rate of the investment volume into the fixed capital aimed at the
development of construction (%)
InVTr Logarithm of the growth rate of the volume of products shipped in wholesale and retail trade (%)
InNTr Logarithm of the growth rate of the average number of wholesale and retail trade workers (%)
InInvTr Logarithm of the growth rate of the investment volume into the fixed capital aimed at the
development of wholesale and retail trade (%)
InVTC Logarithm of the growth rate of the volume of shipped transport and communications goods (%)
InNTC Logarithm of the growth rate of the average number of transport and communications workers (%)
InInvTC Logarithm of the growth rate of the investment volume into the fixed capital aimed at the
development of transport and communications (%)
InQil Logarithm of the growth rate of Brent oil price (%)
InRer Logarithm of the rate of growth of the real exchange rate, USD. / RUB (%)
Table 2
Dickey—Fuller test
Designation Model type Calculated value | Critical values Series type | Integration order
InVInd with constant —3.35 —3 DS 0
InInvind with constant —5.10 -3 DS 0
InNInd with constant —5.39 —3 DS 0
InVCons with constant —3.71 -3 DS 0
InNCons with constant —3.56 -3 DS 0
InInvCons with constant —4.44 -3 DS 0
InVTr with constant —4.76 -3 DS 0
InNTr with constant —6.03 -3 DS 0
InInvTr with constant —5.66 =3 DS 0
InVTC with constant —3.17 -3 DS 0
InNTC with constant —5.93 -3 DS 0
InInvTC with constant —5.64 -3 DS 0
InOil with constant —3.36 -3 DS 0
InRer with constant —4.66 -3 DS 0
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Table 3
Statistical characteristics for each equation of the VAR-model
Statistical characteristics | Industry Building | Wholesale and retail trade | Transport and communications
F-st. 6.15; 8.771 |8.216;20.412 4.345; 7.157 9.134; 16.504
R? 0.672; 0.745 | 0.606; 0.793 0.626; 0.734 0.682; 0.795

Additionally, residuals of each model equation
were analyzed. The analysis showed that the
mathematical expectation of the residuals equaled
zero, that the dispersion was constant based on
an augmented White test for equation systems
[11, pp. 817—838, 12, pp. 325—333], that there was
no autocorrelation between the residuals, based on
the Box—Pierce/Ljung—Box Q-statistics [13],
and that the residuals were distributed normally
based on the Jarque—Bera test [10, pp. 96—129].

Thus, the obtained diagnostic models of Ufa’s
economic activities had acceptable statistical qualities.

The developed diagnostics models of Ufa’s
economy are the following (Student’s t-statistics
are in brackets in formulas (1)—(4)):

1) diagnostics model of the city industry:

InVind; = 0.516 InVind;:-1 -
- 0. 648 In Inv]nd; |+ O 885 In Nlnd, +

[_
+ 0.565 In Oil; - 0.314 ln Invlnd;_g +e1
(D

In Inv[nd; 0 813 ln Vlnd; 11—
-0474 In [nv]nd,_l +0.437 In NInd: +
[-2.498] [2.576]

+0.478 In Oil; -
[3.527]
where /nVInd is the logarithm of the growth rate
of the shipped industrial products; /nlnvind is
the logarithm of the growth rate of the
investment volume into the fixed capital aimed
at the development of industrial production;
InNlInd is the logarithm of the growth rate of the
average number of industrial workers; /nQil is the
logarithm of the growth rate of brent oil price.
2) Ufa’s construction diagnostics model:

InVCons; = 0 485 InVCons;i-3 —

- O 814 In InvCons, 3+ ([)52194]6 In NCons; —

([)_.%051? In Invind:¢+g,,

- 0.417 InRer:+e3n
[-2.619]
In InvCons; = 0.626 In VCons;-3 —
[6.712]
—0.467 In InvCons;_3+ 0,289 In NCons; —
[-3.532] [7.998]

2

- 0,446 InRer; + €4,
[=2.468]

where mVCons is the logarithm of the growth
rate of volume of the shipped construction
production; IninvCons is the logarithm of the
growth rate of the investment volume into the
fixed capital aimed at the development of
construction; /mNCons is the logarithm of the
growth rate of average number of construction
workers; /nRer is the logarithm of the rate of
growth of the real exchange rate, USD / RUB.

3) Ufa’s wholesale and retail trade diagnostics
model:

InVTr: = 0 577 InVTri-2+ 0 526 InVTri-a—
- O 703 ln Ianr; »—0. 2392? ln Ianrt 4t

+ 0 859 In NTr; + 0 141 InRer;1+es5
[4.107] )

3
In InvTr: = 0.603 ln VTrt—Z +0.376 nVTria— (
[3.378] [2.642]
- 0.799 In InvTr;— 0.378 In InvTria+

+ ([)3?357 In NTr; + 0 542 ln Re re-1+ g6 s

where [nVTr is the logarlthm of the growth rate
of the volume of products shipped in wholesale
and retail trade; [nInvTr is the logarithm of the
growth rate of the investment volume into the
fixed capital aimed at the development of
wholesale and retail trade; /nNTr is the logarithm
of the growth rate of the average number of
wholesale and retail trade workers; /nRer is the
logarithm of the rate of growth of the real
exchange rate, USD / RUB.

4) Ufa’s transport and
diagnostics model:

InVTC,; = (1)4';;764]1 InVTCi -
- 0.632 In InvTC_y + 0.643 In NTC:+
+ O 396 InOil, + 0 535 ln Rerr 1+€75
[2.44] (4)
In InvTC; = 0 581 anTC; 1=
-0.629 In InVTCH +0.493 In NTC; +
[-4.69] [3.708]

+0.516 In0il,—0.653 InRe r—1 + =8¢,
[3.836] [-2.956]

communications

where mVTC is the logarithm of the growth rate
of the volume of shipped transport and
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communications goods; /nInvTC is the logarithm
of the growth rate of the investment volume into
the fixed capital aimed at the development of
transport and communications; mNTC is the
logarithm of the growth rate of the average
number of transport and communications
workers; [nRer is the logarithm of the rate of
growth of the real exchange rate, USD / RUB;
n0Oil is the logarithm of the growth rate of
Brent oil price.

Thus, comparing these diagnostics models of
Ufa’s economic activities, we can conclude the
following: first, lagged values of present variables
influence the growth rate of the volume of
investment and growth rate of volume of the
shipped production at present. The growth rate
of the shipped production volume of past periods
has positive interrelation with endogenous
variables, because output expansion and service
spheres development take place with the
increasing of this indicator. Additional capital
investment with an effective economic growth is
required to provide all branches of economy with
modern equipment and new technologies, which
allows reducing costs of production and improving

HpOMbI].LU'ICHHOC IpoOU3BOACTBO

the goods and services quality. Lagged values of
the investment volume growth rates have a
negative influence on endogenous variables. Less
current investments are required provided that
the past level of financing was high enough.
However, investment must be carried out in
effective forms. Investments into outdated means
of production should not be made, otherwise
inefficient capital utilization leads to resources
restriction. It is obvious from the above that the
reduction of shipped production volumes takes
place. Diagnostics results of certain economic
activities show that the effect of the depreciation
of fixed assets surpasses that of innovative
investments.

Functions of impulse responses, which
describe the time it takes for the endogenous
variable to return to the equilibrium curve at unit
response of the exogenous variable, can be
analyzed to confirm the adequacy of variable
interrelation in the models [10, pp. 96—129; 14].
Figure shows the response of the logarithmic
growth rate curves for the shipped production
volume by type of economic activity to the
‘shock’ of the investment growth rate logarithm.
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Response of the logarithmic growth rate of shipped products to the ‘shock’
of the investment growth rate logarithm
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The curves presented in Fig. 1 indicate the
negative response of the growth rate logarithm of
shipped products to an increase in the
investment volume growth rate logarithm for all
types of economic activity. The effect from the
change in the investing activities vanishes in
6—8 quarters of industrial production, transport
and communication branches, but for the
wholesale and retail trade and construction it
can be seen for several years.

Secondly, the growth rate of the average
number of workers affects the endogenous
variables dynamics in all branches while the
relationship is direct. It can be explained by the
fact that additional funding for salaries and
other deductions is necessary with an increase
in the number of skilled and unskilled workers;
the work force increasing assures the
employment in the economy and expansion of
the production. This factor has the greatest
impact on the shipped products volume in the
industrial branch (/nVInd), as the branch is one
of the most perspective, and highly skilled
specialists are involved in it. The factor has
influence on the shipped products volume of
wholesale and retail trade (/nVTr), related to
the expansion of distributing facilities and
creating workplaces.

Thirdly, the dependence of metropolitan
economy on external factors is traced, that is,
on the growth rate of oil price (/nOil) and the
growth rate of exchange rate (/nRer). The
growth rate of oil price has a positive influence
on the development of industrial and transport
and communication branches. It is the result of
the influx of export petrodollars into the
economy. The growth rate of exchange rate has
a positive impact on the dynamics of wholesale
and retail trade indicators (/InVTr and IninvTr).

Export goods bring a profit with the weakening
of the national currency and support of
domestic producers takes place as well. The
growth rate of exchange rate has a negative
impact on the construction variables (/nVCons
and [nlnvCons). It can be explained by the
strong dependence of construction branch on
the costs of import construction technologies
and materials.

Internal and external factors affect the
development of main economic activities in the
capital of the Republic of Bashkortostan. The
examined indicators with scientifically substantiated
signs are present in the models.

Conclusion. Thus, a comprehensive study was
carried out for all branches of Ufa’s economy
taking into account the long-term response of
investment and industrial components with the
help of vector autoregression models. We have
drawn the following conclusions based on
dynamic diagnostics models and made a forecast
for Ufa’s economic situation:

a) the problem of depreciation of fixed assets,
which have a negative effect on economic growth,
is peculiar for the city of Ufa;

b) the examined types of economic activities
need structural and technological modernization,
expansion of interactions with scientific and
educational institutions, sources of additional
investment.

In the current economic climate, it is necessary
to develop an effective investment policy directed
at modernizing and supporting all types of
economic activities in Ufa and further improve
them. Dynamic diagnostic and forecasting models
of the city’s economy allowed to obtain a
qualitative assessment of the current economic
situation of the metropolitan system.
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