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This study is devoted to the application of methods of applied statistics to the study of
investment attractiveness of regions of China. Methods of applied statistics are widely used
in various engineering research, medicine, economics, sociology, astronomy, ecology, physics,
information technology, etc. statistical tools is an integral part of the study. Data taken
from the World Bank website and the China Statistical Yearbook. The main topic of this
research is: What factors are most strongly associated with investment attractiveness in the
economy of modern China? Such a study can only be carried out based on the analysis of
economic data, especially in the conditions of the modern digital economy. Consequently, the
problem under consideration belongs to the field of applied mathematics. First of all, need to
choose a mathematical model and research method. This paper uses the method of regression
analysis - one of the most important methods for analyzing economic data. Regression models
are mathematical models built from empirical data. Observations (empirical data) are the
numerical data on the level of investment in the regions of China, as well as the numerical
values of various factors. For each year, a multiple regression model is built using the least
squares method, its statistical significance is checked, statistically significant factors are
selected (statistically significant coefficients for the factors correspond to them). Calculations
are carried out in Excel and SPSS, using subroutines and. Mathematical functions, but at
the same time, an algorithm for analyzing the initial data based on a stepwise regression
algorithm has been developed, in which only one factor with the least significant coefficient
(maximum p-value (t)) is discarded at each step and then an algorithm for choosing the most
important factors for investment attractiveness was developed, the essence of this algorithm
is that the regression models are compared for each year and how many times each factor
was included in the model is calculated algorithms can be attributed to the application of
methods informatics in this work. The choice of the most important factors that determine
the level of investment attractiveness is made to solve the problem of managing the economy.
Attracting investments is important for the effective development of every region, every city,
every district. With the receipt of significant investments, it is possible to solve the problems
of economic and social development. Determination of the most important factors will make
it possible to most effectively solve the problem of managing the economic development of
each region, each city, each district.

Keywords: investment attractiveness, stepwise regression algorithm, multiple linear regres-
sion models, significant coefficients, least squares method.

1. Introduction. Over the past decade, there has been a significant change in the
combination of political and economic forces in the world, which has affected not only
the single national economy of the country but also the economies of all countries and

* This work was supported by the Ministry of Science and Education of the Russian Federation

(agreement N 075-15-2020-805).
(© St Petersburg State University, 2022

188 https://doi.org/10.21638/11701 /spbul0.2022.116



regions of the world. The international business environment includes various factors,
such as social, political, regulatory, cultural, legal and technological ones that surround
a business entity in different sovereign countries. There are exogenous factors associated
with the internal economic environment of each country. These factors influence not only
the decision-making process about the use of resources and opportunities, but also the
country’s attractiveness for international business. Our purpose is to identify the most
important factors related to investment attractiveness [1].

Firms have no control over the external business environment. Therefore, the success
of an international company depends on its ability to adapt to the general environment. Its
success also depends on the ability to regulate and manage the internal characteristics of
the company to take advantage of the opportunities presented by the external environment.
In addition, a company’s ability to control various threats posed by the same environment
also determines its success. The term “country’s attractiveness” is often discussed in the
international business community. It is crucial to consider attractiveness before we move
on to discussing the environmental factors [2].

A country’s “attractiveness” is an indicator of a country’s attractiveness to interna-
tional investors. In international business, investment in foreign countries is the essential
aspect. Therefore, firms want to determine the appropriate level for a country in terms
of its external business environment. International business firms assess the risks and pro-
fitability of doing business in a given country before investing in and starting a business
there. This judgment involves examining environmental factors to arrive at a decision.
Business prefers a less costly, more profitable, and less risky country. Cost considerations
are related to investment and profitability depends on resources. To summarise, a more
stable country in terms of political, social, legal, and economic conditions is an attractive
place to start a business [3].

2. The foundation for building the model. This study consists of building several
empirical models based on statistical data to identify the degree of influence of certain
socio-economic factors on investment attractiveness. Research objects are regions of China.

The purpose of the work includes the following points: the selection of statistical
factors influencing the “investment attractiveness” indicator; building a Multiple Linear
Regression Model; verification of the estimate of the quality of the model using the coeffi-
cient of determination and the corrected coeflicient of determination; check the significance
of the equation and coeflicients for factors; analysis of the received data.

Investment attractiveness models are built under the following assumptions. Prima-
rily, the volume of investments per region characterizes the level of investment activity,
therefore, the level of investment attractiveness. Another is that the level of investment
attractiveness depends on several indicators (factors) reflecting the social, financial, eco-
nomic, legal and geopolitical characteristics of the region.

3. Logarithm investment attractiveness model. We try to establish the following
econometric model:

e = bo +b171¢ + bowo s +3 T3¢ + baway + bsxs ¢ +
+bexe,t + brwr s + bgws s + boo ¢ + bioT10,t,

(1)

where ¢ is year number, ¢ = 1,...,10; y; is logarithm of the estimate of the volume of
investments in the current year; x; ; is electricity consumption; x5 ; is average per capita
money income in the current year; x3; is debt on loans provided by credit institutions
to legal entities in the current year; x4 is the cost of fixed assets in the current year;
x5, is research costs in the current year; xg; is the amount of work performed by the
type of activity “Construction” in the current year; 7, is the number of enterprises and
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organizations in the current year; xg is retail trade turnover in the current year; xg; is
GNP per capita in the current year; z19, is unemployment rate in the current year (in

percent) [4].

For each year with numbers ¢ (¢t = 1,...,10), there is information on individual regions
(a total of 26 regions that have a high level of investment): ¥ ¢, ..., ¥y26,¢ are the level of
investments in the regions; i = 1,...,26, i is the region number.

According to the information for the year with numbers ¢, a regression model is
constructed using the least squares method (1):

26
2 .
E (yi,t —bg — blxi,l,t - bz%‘,z,t — = bl()xi,lo,t) — b mHI} . (2)
05---,010
i=1

The method of multiple linear regression was used to carry out the calculations. Using
the “regression” tool of the “data analysis” add-in in MS Excel, we will perform a regression
analysis of the available values of the y and z.

The first step is to build the logarithm investment attractiveness of China’s regions
model by checking data assumptions: normality, linearity, and heteroscedasticity. From
the first assumption all of the variables in our research must have a normal distribution.
The normal distribution can be seen by the histogram graph, plot Q —Q*), kurtosis, and
skewness. If the distribution of data is not normal, we need transformation. In our research
all data has a normal distribution. Then multiple linear regression should have a linear
relationship between the response variable and the controlled variables. The third assump-
tion in multiple linear regression is that any data should be free from heteroscedasticity,
wich will happen whenever there is an interruption in the model that is not fulfilled. If
the important variable in the model is missing, hence heteroscedasticity will happen.

8.1. Multiple regression model for 201°7. The first row of the Table corresponds
to a model that includes all factors for which R? = 0.935, therefore, according to the initial
data, approximately 94 % of the variation in the studied indicator y can be “explained” by
the influence of a combination of factors contained in the model (see Table). Taking into
account the penalty imposed for a large number of explanatory variables, Ridj = 0.892,
that is the regression equation determines 89 % of the variance of the dependent variable
(within the observed values of ). The multiple correlation coefficient R = 0.967, which is
extremely close to 1, which means that there really is a close relationship between y and
a number of factorial features x1,x2,...,x10.

Table. The dynamics of select final model by backward elimination stepwise

Variable x R R? R2 ¢ | F-value P(F)*
1,2,3,4,5,6,7,8,9,10 | 0.967 | 0.935 | 0.892 21.81 3.7254-10~7

1,2,3,4,5,6,7,9,10 | 0.967 | 0.935 | 0.899 | 25.85 6.9766-10~8

1,2,3,4,5,6,7,9 0.967 | 0.935 | 0.905 | 30.89 | 1.1947-10~8
1,2,3,4,5,6,9 0.967 | 0.935 | 0.910 | 37.13 | 1.9585-10°
2,3,4,5,6,9 0.964 | 0.930 | 0.908 | 4250 | 5.1728-10~10
2,3,5,6,9 0.958 | 0.919 | 0.899 | 45.69 | 2.8909-10~10

*If P(F) < a, then the regression model is considered statistically significant at a given significance level.
For the analyzed model, P(F) = 3.72 - 10~ 7 (less 0.05).

*) In statistics, a Q—Q (quantile — quantile) plot is a probability plot, which is a graphical method
for comparing two probability distributions by plotting their quantiles against each other.

190 Bectuuk CII6I'Y. [Ipuknagunas maremaruka. Vudopmaruka... 2022. T. 18. Bomm. 1



We conclude that the assessment of the quality of the regression model, which includes
all factors, is quite high, it has high statistical significance according to Fisher’s criterion
(P(F)) and well approximates y according to the initial data.

Let’s set the level of significance at . Within the framework of statistical research,
traditionally o = 0.05 [5, 6].

We will sequentially exclude factors that correspond to statistically insignificant esti-
mates of the coefficients until all of them become significant for a given « [7].

The last row of the table corresponds to the final model obtained by the stepwise
regression process. For 2017 we have

y = 10712.19 — 0.45z5 — 6.704x3 — 0.00263z5 + 0.7599x¢ + 1.2368x9.

3.2. Multiple regression models. By analogy with the process of building the final
regression model for 2017 discussed above, we will build models for each year in the period
from 2008 to 2016:

for 2008 (P(F) = 2.38-10717):

y = 1687.516 — 0.10266x5 + 0.966363x4;
for 2009 (P(F) = 4.36 - 10~13):
y = 4642.47 — 0.268x5 + 0.924488z4 + (3.96 - 107°)x¢;
for 2010 (P(F) = 3.01-107'2):
y = 4682.416 — 0.22744x5 + 1.067083x4;
for 2011 (P(F) = 4.51 - 10~ 13):
y = 6043.807 — 0.28657x2 + 0.888326x4 + (4 - 10™°)zq;
for 2012 (P(F) = 2.14 - 10~ 12):
y = 8342.07 — 0.3425 + 0.878616x4 + (5.32 - 10~ °)zg;
for 2013 (P(F) = 2.61-10712):
y = 10791.72 — 0.3948z5 + 0.913893z4 + (5.94 - 107 °)z¢;
for 2014 (P(F) = 5.79 - 10~12):
y = 7537.944 — 0.3349425 + 0.960512x4 + (5.52 - 1077)2;
for 2015 (P(F) = 2.87-107'2):
y = 8714.362 — 0.3407x + 1.03445624 + (6.82 - 107°)z¢;
for 2016 (P(F) = 3.10-10~'1):
y = 9857.724 — 0.38742x5 + 1.12366524 + (5.95 - 107°) 6.

4. Result and discussion. Data obtained from the World Bank [8] and the China
Statistical Yearbook [9] takes inflation into account (all quoted at comparable prices).
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The key point of applied statistical research is the interpretation of the results ob-
tained. After processing the obtained data, the mathematical model of the relationship
between annual investments in the region and several factors characterizing various aspects
of its socio-economic potential should be interpreted in terms of the economy.

In the statistical analysis of China’s investment attractiveness, a multivariate regres-
sion model was built based on the method of step-by-step removal of unimportant factors
based on data for 2008-2017. For 26 regions of China with the largest investments in
2018, 10 regression equations were built. Compare how several socio-economic indicators
have changed each year over the past decade, and their cumulative effect has significantly
influenced the average cost of investment. The results are shown in Figure.

Year X1 X2 X3 X4 Xg

OO IIWIWINI I IND

Figure. Regression result

Factors correspond to the columns of the Figure (for clarity, each factor is associated
with a certain cell color), rows correspond to sets of exogenous variables of the final
regression model for the corresponding year. At the bottom of the Figure for the k-th fac-
tor (k=1,...,10), the number of inclusions in the regressors of the final models built for
2007-2016 is indicated. The number in the far right column of the Figure is the number
of explanatory variables in the final model for the corresponding year.

As for the factor zq, it is included in all models, that is, this factor (socio-economic
indicator) has a continuous impact on the formation of regional investments from 2008 to
2017. The fact is that, the factors x1,x7, zs, 10, excluded from the regression equation
means these indicators will hardly affect the volume of investments in this period.

Factor xo is average per capita money income is included in all models. It is shown
that monetary income per capita is an important factor affecting investment attractiveness
and has a positive impact on investment attractiveness.

The next most frequent variable is x4, which is the cost of fixed assets. It is quite
logical that the cost of fixed assets is one of the important factors affecting the investment
attractiveness of the country and occupying an important place in the socio-economic
plan of the country as a whole. However, investment growth slowed in 2017, increasing
by 7.5 % in the first three quarters and declining by 0.7 % year on year. Investment
operations are showing new signs of “stability positive changes” in the number of indicators,
such as sources financing, investments in the civil industry, investments in equipment
manufacturing. Currently, economic benefits from investments have significantly decreased,
fiscal consolidation is holding back public and infrastructure investments, financial cuts in
financing costs, the real estate market has slowed down, some investments in the sector
continue to decline, and other problems more noticeable [10].

The factor xg is also important in the regression variables, which is the amount of
work performed by the type of activity “Construction”. It is likely that the construction
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market grew in the studied regions during the period under review. Apparently, many
consider real estate investment to be one of the most reliable. The absence of the factor zg
in the model for 2008 and 2010 may be associated with the peak point of the 2008 crisis
and high economic risks.

5. Conclusion. In general, the results obtained allow us to conclude that the unstable
economic situation in the world at the micro and median levels of the country significantly
affects the formation of investment prerequisites. Equally important is the current stage
of the industrial cycle [11]. Indicators of economic risk are especially important in the
pre and post-crisis periods, but in the context of stable exports, a significant increase
in industrial profits, strong investment demand for scientific and technological reforms
and the accelerated development of new individual investments, the volume of investment
attraction should continue to grow.
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CrarucTuyeckuii aHaJIN3 WHBECTUIMOHHON MPUBJIEKATEJIBHOCTH PErMOHOB
Kuras*
. Lu, B. M. Bype

Cankr-Ilerepbyprckuii rocyrapcTBeHHbIil yHUBepcuTeT, Poccuiickast Peneparusi,
199034, Cauxt-Ilerepbypr, Yausepcurerckas Hab., 7-9

s nmrupoBanusa: Qi D., Bure V. M. Statistical analysis of investment attractiveness of
China’s regions // Becruuxk Cankr-IleTrepGyprckoro ynusepcurera. IlpukiiagHas MaTreMaTuka.

MNudopmaruka. [Iponecest ynpasnenus. 2022. T. 18. Bem. 1. C. 188-194.
https://doi.org/10.21638/11701 /spbul0.2022.116

Hacrosiee uccieoBanme MoCBAIIEHO IPUMEHEHUIO METO/0OB IIPUKJIAIHOM CTATUCTHKY K H3Y-
YEHWIO MHBECTHUIMOHHOM IIPUBJIEKATEIbHOCTH perroHoB Kurast. JlaHHbIE, HCIIO/IB3yeMbIe B pa-
6ore, B3aTHI ¢ BeG-caiita Muposoro 6anka (The World Bank) n Kuraiickoro craructuieckoro
exxerogauka (China Statistical Yearbook). OcHOBHOM TeMOI TAKOIO HCCIIeJOBAHNUST SIBJISIETCST
BBbIsSIBJICHHE HauboJiee 3HAYUMBIX (PAKTOPOB, CBSI3aHHBIX C MHBECTHUIMOHHON IIPUBIIEKATEb-
HOCTBIO 9KOHOMUKHU coBpeMeHHOro Kurasi. B crarhe ucnosnb3yercss perpecCHOHHbIN aHaIu3,
KOTOPBI OTHOCUTCSI K Hambojiee BaXXHBIM METOJ[aM aHAJIN3a SKOHOMUUIECKHUX NaHHBbIX. Ha-
Guiosienns (SMIUPUIECKHE JJAHHDBIE) TIPEICTABIIAIOT COOOH YMNCIOBbIE JAHHBIE 00 yPOBHE NHBE-
crunuii B peruonax Kurasi, a Tak>Ke 4uCJIOBbIe 3HAYEHUsT PA3INIHBIX (pakTopoB. Ha ocHose
JAHHBIX KaKJOrM0 PAacCMaTpPHUBAEMOrO IO/ ITOCTPOEHA MOJIEIb MHOXKECTBEHHOH perpeccuu
METOJIOM HAMMEHBIINX KBAJPATOB, IPOBEPEHA €€ CTATUCTUYECKAs 3HAYMMOCTD U BBIOPAHBI
CTATHCTUYIECKU 3HAYNMBIE (DAKTOPLI (MM COOTBETCTBYIOT CTATHCTUIECKU 3HAUYUMBIE KOdbbu-
nueHThl npu dakropax). PaspaboTaH aJropuTM aHAIM3a UCXOAHBIX JAHHBIX HAa OCHOBE ajl-
rOpUTMA MOMIATOBON PErpecCUu, B KOTOPOM Ha KaXKJOM Iare OTOPachbIBAETCS TOJIBKO OIUH
dakTop ¢ HauMeHBIINM 3HAYUMBIM KO3 dunmenrom (MakcumaabubiM P(F)). CyTb sTOro
AJITOPUTMAa 3aKJIIOYAETCS B TOM, UTO OKOHYATEIbHBIE MOJEJN PErPECCUN CPABHUBAIOTCS JIJIST
KasKJIOr0 PACCMATPUBAEMOIO I'0JIa U PACCUUTHIBAETCS BPEMs BKJIIOYEHUS KAXKIOT0 (hakTopa
B OKOHYAaTeJbHbIE MOneau. Buibop Hanbosee BarXKHBIX (DAKTOPOB, ONPEJIEISIONIUX YPOBEHD
MHBECTHUIIMOHHOM IPUBJIEKATEILHOCTH, IIPOU3BOINTCS JIJIsl PEIIECHHST 33/1a91 YIIPABICHIUS KO-
HOMUKOM.

Karouesvie crosa: MHBECTUIMOHHAS IIPUBJIEKATEIBHOCTD, aJTOPUTM IIOIIArOBON DErpeccuy,
MOJIEJTH MHOYKECTBEHHOW JIMHEWHON perpeccuu, 3HAYMMBbIE KOIMDDUITNEHTHI, METOJT HANMEHb-
MIUX KBaJIpaTOB.
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