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ABSTRACT
Labor productivity is the most important factor in the economic growth of the region. Traditional production functions assess the contribution of labor resources to three-fourths of the total one. But today there are new factors, the inclusion of which in the model is necessary, since they determine the key forces of economic development, identify the direction of regional policy.

Economic growth, according to neoclassical theory and the theory of endogenous growth, is influenced by labor resources: population density, quality of labor, the level of employment, investment in human capital, labor productivity. The role of human capital in the models of endogenous growth is considered at two angles: through the ability to generate knowledge and innovative development and as an independent factor - the accumulation of human capital in the region is the basis of economic growth.

The article analyzes classical and modern approaches to assessing the impact of labor resources on economic growth, shows the role played by production functions in such approaches. The characteristic of the main trends of the economic growth of the Russian regions is given, the analysis of development of labor resources and efficiency of their use is made. Production functions such as the Cobb-Douglas type are constructed for the Russian regions, showing the contribution of labor and capital to economic growth, and the statistical significance of these factors is determined. The study was conducted for 83 regions of Russia for the period from 1995 to 2015.

The study will identify the main trends of the impact of the labor force to economic growth, to form the main conclusions for economic policy in the regions of Russia.
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INTRODUCTION
Labour productivity is the most essential factor of the region's economic growth. Traditional production functions estimate the contribution from labour forces as amounting to three quarters of the overall contribution. But today new factors keep emerging and have to be accounted in the model because they determine key forces of economic development and identify target areas of regional policy.
For the recent twenty years analytical tools of neo-classic approach have been mainly used in analysis of economic geography.  Searching for the more appropriate methods of spatial economics modeling is becoming an urgent issue discussed by "new" and "traditional" economic geography researchers [1], [2]. Production function tools are used for various purposes: estimation of sizes of agglomeration economies and spatial effects to determine the rate of regional efficiency convergence/divergence with use of the Solow growth model and others. For example, Cohen and Morrison Paul in the review of agglomeration processes, productivity and regional growth state that “acknowledgement and use of production theory models benefits is an important step in the empiric literature concerning agglomeration economies" 
.
The goal of the paper is to estimate impact of labour productivity on the economic growth in the region through construction of production functions. 
1. THEORETICAL BACKGROUND AND BIBLIOGRAPHY
According to the neo-classic theory and endogenous growth theory, the economic growth is impacted by the labour forces - employment level and qualitative characteristics of labour, investment in human capital assets, productivity. The role of human capital assets in endogenous growth models is considered from two angles: via ability for knowledge generation and innovative development, and as an independent factor – accumulation of human capital assets in the region is the basis of economic growth.
Approach to estimating and forecasting the economic growth of the region by construction of production functions has some disadvantages. It suggests that all enterprises operate under equal conditions: employing the same technologies, taking maximum advantage of resources, having the same prices for production factors and functioning in the perfect competition environment. In this case the region’s production function will look like merely an extended version of the enterprise’s production function [4]. However, in fact, we can talk about heterogeneity of “inputs”, “outputs” and technologies. The situation is aggravated by the fact that if multiple economics sectors are developed in the region, production functions will be different for them. 

There are papers which prove that an aggregate production function cannot exist at all because different conditions of employing production factors are observed. Outlining the conditions when assets and labour are related to the output was studied by Fisher [5], Blackorby и Schworm [6], Felipe and Fisher [7]. 

Issues of constructing an aggregate production function are mainly associated with “Cambridge disputes” of 1960s and related to such technical features as measurement of assets and real interest rate. The marginal product of capital was shown to vary inversely to the capital and labour relation [8]. 
Often conclusions of production functions are interpreted as a question: Can we explain backwardness of certain countries and regions by low level of investments in their economies?  A classical paper by Lucas shows [9] that under common assumptions on diminishing return extent the huge difference in labour productivity observed in different countries cannot be explained by difference in the capital-output ratio without any contradictions. If the difference in capital intensity explains the low development level, returns on investments in poor countries must be many times as high as those in rich countries, - to a much higher extent than it is usually considered to be true. The capital-output ratio as the most important factor of economic growth is a foundation of some economic provisions but there are studies rejecting such approach [4].
On the regional level, an issue of considering the inhomogeneity in application of production functions is quite urgent. The consequence of the analysis in Ventura (1997) [10] and Robertson (1999) [11] is that two-sector theoretical models are described by less variation in return on assets in time and space than the closed-economy Solow model. It is connected to the standard result in trade theory prime models 2 x 2, because usually the marginal product of assets does not depend on endowment of factors while the economy remains specialized incompletely. An essential feature of heterogeneity is difference in cost of fixed assets, as discussed in papers by Cohen and Soto (2002) and Hsieh and Klenow (2003).
2. SUMMARY OF EMPIRICAL STUDIES REGARDING THE ESTIMATION OF PRODUCTION FUNCTIONS
Empirical estimates of the Cobb-Douglas production function at various aggregation functions show that returns on scale are approximately constant, and elasticity of factors approaches their shares [4]. Regional analysis must be aimed at determination of key economic growth factors and search for directions of interregional convergence (Table 1).

Table 1
Summary of Empirical Studies Regarding the Estimation of Production Functions

	Author
	Country
	Time
	Level
	Data
	Inputs
	Functions

	Lindenberger (2003) *
	Germany
	1960-1989
	Servicing
	Time series
	K,L,E
	Cobb-Douglas

	Antras (2004) *
	America
	1998-1948
	Private sector
	Time series
	K,L
	Cobb-Douglas

	Xiang (2004)* 
	Canada
	1997
	Macro
	Time series
	K,L
	Cobb-Douglas

	Khalil (2004) *
	Jordan
	2002
	Industrial manufacturing
	Sectional
	K,L,M
	Translog



	Bonga-Bonga (2005) *
	South Africa 
	2002- 1972
	Macro
	Time series
	K,L
	CES

	Shankar&Rao (2012) *
	Singapore
	2009-1960
	Macro
	Time series
	K,L
	CES

	Manonmani (2013)*  
	India  
	2010-1991
	Textile industry
	Time series
	K,L
	Cobb-Douglas


	Levinsohn and Petrin (2003) [13]
	Chili
	1979-1986
	Metal industry, Textile industry, Food Products industry, Wood Products industry
	Time series
	K, Fuels, Materials, Electricity
	Cobb-Douglas

	Fritsch (2002) [14]
	11 European regions
	1995-1998
	Industrial manufacturing
	Sectional
	R&D
	Cobb-Douglas

	Charlot et al. (2014) [15]
	EU-25
	1995-2004
	Macro
	Sectional
	R&D, HK
	Cobb-Douglas


* - Compiled from [12]
3. STUDY METHODS

Let’s consider basic forms of production functions used most frequently in economic analysis (Table 2).
Table 2 
Summary of basic forms of production functions

	Type of function
	Formula
	Notes

	Cobb-Douglas production function
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	Production functions with constant elasticity of substitution (CES)
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	Translog production function
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	Transcendental production function
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	Debertin production function
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	where  Q −  dependent  variable  −  the  output;  L and K −  independent  variables  −  various production inputs, such as labour and capital; A −  independent  variable −  technology level; Xi - quantities of each input i; αi - demand elasticity of each input i; ρ - degree of substitutability of the inputs.


For the purpose of our study let’s modify the Cobb-Douglas production function as follows:
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Let’s linearize the function by taking the logarithm:
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We have studied 83 regions of Russia (excluding the Republic of Crimea and Sevastopol due to insufficient scope of statistics). The data on the Arkhangelsk Region and Tyumen Region were assumed separately, without inclusion of autonomous districts. The period of the studies – from 1995 till 2015. Due to insufficient statistics the period of the studies was shortened for some regions as follows: the Tyumen Region – 19 years, the Republic of Ingushetia - 18 years, the Arkhangelsk Region, the Nenets Autonomous District, Khanty-Mansijsk Autonomous District, Yamal-Nenets Autonomous District - 16 years, the Chechen Republic – 9 years. 
The official data from the Government Statistics Service of the Russian Federation (www.gks.ru), including statistics digests “Regions of Russia. Social and Economic Indicators” of 2002-2016 were used as input data. In some cases the World Bank data were used.
4. LABOUR PRODUCTIVITY ANALYSIS IN THE REGIONS OF RUSSIA. 
Excluding the short-term decline caused by the world financial crisis in 2009, the Russia’s economy exhibited a stable growth during the period from 2001 to 2014 (see Fig. 1). The International Monetary Fund forecasts the economic growth in 2017 and 2018 for Russia where economic activity reached its minimum in 2015-2016, whereas the oil price must contribute to the recovery. The economic growth in Russia during the analyzed period (the average level of 3.4% per year in 2001-2016) was accompanied by increase in employment (on the average 0.67% per year or 11.16% during the period from 2001-2016), growth of its level (from 58.4 % in 2001 to 65.7 % in 2016), reduction of the unemployment rate (from 9.0% in 2001 to 5.5% in 2016) and migration gain (2.8 mln. people in 2001-2015).
When estimating sources of the economic growth, dynamics of labour productivity is of importance. It was positive in 2003-2008 (the average value is 6.5 %) and in 2010-2014 (2.6 %). The negative value occurred in 2009 (growth – 95.9%) and in 2015 (97.8%). 
When applied to the regions, the labour productivity exhibits mainly positive trend. The exception is the Chechen Republic (the growth rate in 2008-2015 is 99.3 %), the Khanty-Mansijsk Autonomous District (99.2 %) and the Ivanovo Region (99%). Leaders of production growth are the Belgorod Region, the Tambov Region and the Republic of Mariy-El (106%). Indicator growth rates in other regions vary from 100.1% to 105.7%.
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* - forecast data
Prepared on the basis of World Bank data
Fig.1. Growth rate of Russia’s gross domestic product in 2001-2019, %
Difference in labour productivity results from the development level of high-tech and science-intensive industries. Totally their share in gross domestic product increased from 19.7% in 2010 to 20.4% in 2015. Among the regions of Russia, the Tula Region (37.3 % in 2015), the Ulyanovsk Region (33.3%), Saint Petersburg (30.9 %), the Kaluga Region (30.7 %) and the Perm Territory (30.7%) may be distinguished. Forty three regions of the country have a higher share of high-tech and science-intensive industries than on average in Russia. 

Each region’s specialization in various industries is largely determinant for the results as far as labour productivity is concerned. Future improvements must result from forces aimed to encouragement of changes in each industry, that is the internal structure of major production industries, while enhancing those, which are really able of reaching higher productivity levels. 

5. ESTIMATION OF LABOUR FACTORS IMPACT ON ECONOMIC GROWTH OF THE REGION
We have constructed the production functions of the capital-labor ratio impact on labour productivity. The work revealed that among 83 regions of Russia only two of them do not experience impact of the capital-labor ratio on productivity. They are the Kurgan and the Sverdlovsk Regions. An essential indicator from statistical point of view in the Sverdlovsk Region is domestic expenditures connected with research and development.
The highest coefficient associated with the capital-labor ratio indicator is achieved in Moscow: 1 % growth of returns on fixed capital expenditure will result in 1.24% growth of labour productivity. In all the other regions the value of this coefficient is not more than 1. Leading regions may include the Moscow Region (coef. – 0.87), the Belgorod and Orenburg Regions (each 0.83), the Republic of Bashkortostan (0.78), the Yamal-Nenets Autonomous District (0.77), Saint Petersburg (0.74). In these regions, taking into account the high significance of fixed capital expenditure and need of capital-labor ratio growth for boosting development is reasonable in implementing the economic policy aimed at labour productivity increase. 

On the other hand, we may single out the regions where the capital-labor ratio growth is not a key condition speeding up labour productivity and economic development on the whole. They may include the Bryansk Region (coef. - 0.17), the Chukotka Autonomous District (0.3), the Khabarovsk (0.32) and Kamchatka (0.33) Territories, the Kirov (0.34), Ulyanovsk, Murmansk, Smolensk (each 0.36), Amur (0.37) Regions. 

On the whole, we may conclude on significant impact of the capital-labor ratio on employees’ labour production in Russia’s regions. This suggests that, despite of development of high-tech industries, the economy of Russia's regions is still largely dependent on endowment of employees with durable means of production. 

CONCLUSION 
According to the study, the regional policy has to pay major attentions to productivity and efficiency issues. Labor productivity is the most important factor in the economic growth of the region. Traditional production functions assess the contribution of labor resources to three-fourths of the total one. But today there are new factors, the inclusion of which in the model is necessary, since they determine the key forces of economic development, identify the direction of regional policy. The purpose of the research was to identify the main trends of the impact of the labor force to economic growth, to form the main conclusions for economic policy in the regions of Russia. Labour productivity is largely dependent on the production structure of economy. In most Russian regions, returns on assets are a significant factor enhancing labour productivity and economic growth on the whole. Its 1% growth results in productivity increase by 0.55% on the average. The regions where such impact is stronger need a properly balanced economic policy aimed at attraction of fixed capital expenditure.
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