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Abstract
A Study covers issues of the developing of Dynamic Input-Output Models of the Russian Economy with assuming of macroeconomic constraints and inter-branch relations on aggregated markets. To provide better understanding how changes in macroeconomic conditions affect on structure and productivity of the Russian Economy we combine GE and IO approaches. Including GE in Dynamic Input-Output Model allows us to assume market relations for the modeling of the Russian Economy. To include inter-branch relations on aggregated markets we’ve built currency and money markets in the Model. Real wages, real interest rates and real exchange rates are considered as variables in the Model. With this purpose we’ve estimated branches’ outputs elasticity on them.
Based on the General Equilibrium approach we make a forecast of the Russian Economy development in 2012-2025. According the Forecast the Russian Economy would not be able to provide high growth rates without succeeding in structural and institutional reforms. For example, according to the calculations even if Urals oil price will grow to 150 USD per barrel in near future, Russia would not have more than 3,8% annual average growth rate of GDP in 2012-2025.
0. Introduction
One of key weaknesses of traditional (balanced) dynamic I-O models is the insufficient assuming of changes of market conditions. It reduces a predicting and explanatory power of such models. A way to make these models more adequate to simulate a market economy is a synthesis them with aggregated market models (based on GE) by using econometrics methods. But there is a lack of proper statistical information to get sufficient accuracy of econometric estimations in the majority of Developing Countries especially in Russia.

This Paper covers issues of developing Dynamic Input-Output Model of the Russian Economy with assuming of macroeconomic constraints and inter-branch competition on aggregated markets. For this purpose we combine GE and IO approaches. It allows us to get proper understanding how changes in macroeconomic conditions influence on the Russian economy structure and productivity. 
1. Trends in the Russian Economy Structure and Productivity

Nowadays, 20 years left after beginning of liberalization in Russia we could argue that the Russian Economy has formed as a mixed economy with dominating of imperfect competition and considerable government regulation. The Russian economy faced with huge changes in its structure throughout this period. But if in the 1990th  this changes were caused by transformation processes in the present time structure of the Russian Economy is being mainly formed by internal and external market factors and government policy. One of negative consequences of a deep transformational crisis knocked down the Russian Economy in 1990th was the strengthening of raw export orientation with the weakening of a manufacturing industry. Despite on some success in market reforms and economic growth in Russia in 2000th considerable part of manufacturing industry is still suffering from its low competitiveness. As a result there is a downfall of relative productivity of the Russian Economy in 2000-2010 (see Figure 1). For example, Technological relative productivity (relation of Final Product (FP) to Total Output (TO)) fell from 53.4% in 2000 to 50.2% in 2010. Value Added relative productivity (relation of Value Added (VA) to Total Output) fell from 51.4% in 2000 to 48.9% in 2010.
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Figure 1. Technological and Value added relative productivity of the Russian Economy in 2000-2010 (in percent)
Sources Author’s estimations based on official statistics
For better understanding of causes of the falling of the Russian Economy productivity we’ve estimated changes in productivity for its various branches (see Table 1).
Table 1. Technological and Value added relative productivity of main branches of the Russian Economy in 2000-2010 (in percent)
	
	2003
	2010

	
	FP to TO
	VA to TO
	FP to TO
	VA to TO

	Agriculture
	44,6
	55,3
	35,3
	51,9

	Coal
	21,9
	34,7
	17,7
	46,2

	Oil
	57,9
	72,2
	42,5
	68,1

	Natural Gas
	22,1
	54,9
	14,1
	58,5

	Other minerals
	14,9
	47,4
	2,9
	52,6

	Food, beverages, etc.
	56,5
	25,1
	55,8
	29,3

	Clothes
	14,0
	28,0
	-18,4
	39,7

	Pulp industry
	22,1
	33,7
	12,1
	35,4

	Oil refinery
	46,6
	19,0
	47,2
	26,2

	Chemistry industry
	7,9
	24,8
	16,9
	30,3

	Construction materials
	-8,0
	31,9
	-23,8
	30,8

	Ferrous metallurgy
	20,8
	29,0
	8,1
	23,5

	Non-ferrous metallurgy
	35,9
	37,5
	30,5
	31,0

	Metal products
	32,9
	30,0
	43,5
	28,4

	Machinery
	32,9
	31,2
	24,4
	29,5

	Other industrial products
	32,3
	33,9
	27,6
	31,7

	Energy 
	13,4
	37,6
	-1,1
	35,7

	Water supply
	13,4
	43,6
	-17,9
	52,5

	Construction
	81,5
	49,4
	84,6
	42,7

	Trade
	58,8
	71,8
	66,4
	62,1

	Transport
	41,6
	51,2
	32,2
	47,2

	Communication
	47,3
	54,2
	67,3
	63,1

	Finance and Insurance
	77,0
	75,4
	84,8
	70,0

	Real Estate and Consulting
	77,0
	34,9
	77,6
	67,8

	R&D
	26,8
	45,8
	0,7
	46,5

	Education
	97,1
	59,1
	96,5
	73,9

	Health, Culture, etc. 
	97,1
	60,8
	96,8
	59,8

	Utilities
	53,1
	56,2
	45,2
	51,4

	
	
	
	
	

	Total Economy
	51,6
	49,9
	50,2
	48,9


Final Product is defined as a difference between Total Output and Intermediate Consumption. 
Sources Author’s estimations based on official statistics
As shown in Table 1 there is the considerable falling of the technological relative productivity of the Russian industries. So, we could expect that there are some objective reasons of the falling of the Russian Economy productivity in 2000-2010. To research this reasons we’ve constructed and estimated a model of the Russian Economy based on synthesis of IO and GE approaches. 
2. A Model


This study is based on construction of a Dynamic Input-Output Model with aggregated markets blocks for estimation of influence inter-branches competition on the Russian economy structure and productivity. A general scheme of this Model is shown on Figure 2.


[image: image2]
The core of the Model is a quarterly Dynamic IO Model. The last one has inward and backward links with econometric models, which describes aggregated markets (currency and money markets in current version of the Model). Links between IO model and econometric models of aggregated markets are based on the making of some key variables of aggregated markets (such as exchange rate and interest rate) endogenous. Key equations of the Model are described below. 
[image: image1]





, 
where


n – Number of branches (in this Paper n = 28); 

K – Number of variables of aggregated markets (in this Paper K = 3); 

dxi,t – change in total output of branch i in quarter t to last year (quarter t-4), i=1,..,n; 

ei,k – elasticity of total output of branch i to variable of aggregated markets k; 

φk,t – change in variable of aggregated markets k in quarter t (with assuming a lag).

The final product of branch i  in quarter t (yi​,t) can be obtained from traditional IO balance equations:
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To receive estimations of this I-O model with linkages with aggregated markets we’ve estimated technological coefficients ai,j for year 2010 and elasticity ei,k based on multiple regressions built on quarterly statistics for 2003-2011 (see Table 2). 
Table 2. Elasticity of Total Output to macroeconomic variables of main branches of the Russian Economy (In parentheses lags of independent variables, in quarters, are specified) 

	 
	Real exchange rate (Rub in USD)
	Real wage
	Real interest rate
	R2

	Agriculture
	-0,06 (1)
	
	-0,19 (3)
	0,20

	Coal
	0,95 (0)
	-0,58 (0)
	1,16 (0)
	0,63

	Oil
	
	0,26 (0)
	0,30 (0)
	0,17

	Natural Gas
	-0,44 (4)
	0,53 (0)
	-0,28 (0)
	0,78

	Other minerals
	-0,25 (4)
	 
	-0,54 (0)
	0,30

	Food, beverages, etc.
	-0,10 (4)
	0,41 (0)
	 
	0,63

	Clothes
	-0,30 (4)
	0,51 (0)
	-0,26 (0)
	0,65

	Pulp industry
	-0,31 (4)
	-0,07 (0)
	-0,58 (0)
	0,83

	Oil refinery
	 
	 
	-0,20 (0)
	0,25

	Chemistry industry
	-0,39 (4)
	-0,06 (2)
	-0,60 (0)
	0,61

	Construction materials
	-0,30 (4)
	1,20 (0)
	-0,67 (0)
	0,79

	Ferrous metallurgy
	-1,10 (3)
	0,36 (0)
	-0,96 (3)
	0,81

	Non-ferrous metallurgy
	-0,27 (4)
	0,46 (0)
	-0,47 (0)
	0,68

	Metal products
	-0,45 (4)
	0,46 (0)
	-0,50 (0)
	0,65

	Machinery
	-0,57 (4)
	0,79 (0)
	-1,43 (0)
	0,62

	Other industrial products
	-0,11 (4)
	 
	-0,56 (0)
	0,71

	Energy 
	-0,13 (4)
	 
	-0,34 (0)
	0,49

	Water supply
	-0,13 (4)
	 
	-0,34 (0)
	0,49

	Construction
	0,15 (4)
	0,75 (0)
	-0,75 (0)
	0,61

	Trade
	0,06 (3)
	0,67 (0)
	-0,43 (0)
	0,92

	Transport
	 
	0,41 (0)
	-0,40 (1)
	0,53

	Communication
	 
	0,41 (0)
	-0,40 (1)
	0,53

	Finance and Insurance
	-0,27 (2)
	1,28 (0)
	-1,08 (2)
	0,86

	Real Estate and Consulting
	-0,30 (1)
	1,02 (0)
	-0,79 (1)
	0,62

	R&D
	0,08 (4)
	0,47 (0)
	-0,20 (0)
	0,76

	Education
	 
	0,14 (0)
	 
	0,59

	Health, Culture, etc. 
	 
	0,08 (0)
	 
	0,41

	Utilities
	0,06 (4)
	0,30 (0)
	-0,33 (0)
	0,78


Empty fields imply absence of statistically significant estimations (significance level = 10%)

Sources: Author’s estimations based on official statistics
Estimations shown in Table 2 can be interpreted as estimations of competitiveness of branches to deterioration of conditions on corresponding aggregated market. It allows us to use Theory of inter-branch competition in interpretation of results of calculations on the Model and in retrospective analysis of changes in the Russian Economy structure.
A model of money market is based on the Baumol-Tobin model. Based on quarterly statistics for 2003-2011 we’ve estimated following econometric model:
Ln((1+IRNt)/(1+IRNt-4)  = – 0,02+0,16*Ln(Pt-4/Pt-8) – 0,08* Ln(Mt/Mt-4) + 0,16* Ln(Xt-5/Xt-9), R2 = 80,2
where
IRNt – average nominal Interest Rate in period t;

Pt – Total Output’s Deflator in period t;
Mt – Money Supply in period t;
Xt – Total Output in constant prices in period t.
A model of currency market describes nominal Exchange Rate of the Russian Rouble to USD (ExRNt) and based on estimations of currency inflows and outflows in a balance of payment of Russia. 

Import of goods and services (Imt) is defined by its share in total output in current prices:
Ln(1+Imt/Pt*Xt) = 0,125 + 0,025*Ln(ExRRt /ExRRt-4), PV = 99,7%, 

where ExRRt – real exchange rate of Russian Rouble to USD.

Export of goods and services (Ext) is defined by a normative equation:

Ext = ExNonO&Gt + OilPricet *ExpOilVolt /0,54, where
ExNonO&Gt – non oil&gas export in period t; 
OilPricet – export price of Urals in period t, USD per barrel;

ExpOilVolt – export of Urals in period t (in barrels);

0,54 – average share of oil export in oil&gas export of Russia.

A model of nominal Exchange Rate of the Russian Rouble to USD:
Ln(ExRNt/ExRNt-4) = – 0,04 + 1,20*Ln(1+dPrivateReservest/CurrenceInflowst) –

                                                 – 0,49*Ln(1+dCurrenceInflowst/CurrenceInflowst), R2 = 79,5%, where
dPrivateReservest/CurrenceInflowst – relation of net currency changes in private sector to total currency inflows  in period  t.

dCurrenceInflowst/CurrenceInflowst – relation of net currency inflows to total currency inflows  in period  t.
3. Modeling of structural changes and productivity of the Russian Economy

Described above Dynamic IO model of the Russian Economy with aggregated markets allows us to estimate influence of macroeconomic variables on relative productivity of the Russian Economy (see Table 3) and make forecast for the Russian Economy development in 2012-2025 (see Tables 4 and 5).

Table 3. Influence of one-percent change in macroeconomic variables on relative productivity of the Russian Economy (in percent)
	
	Real exchange rate (Rub in USD)
	Real wage
	Real interest rate

	Total Russian Economy
	
	
	

	Total output
	-0,03
	0,27
	-0,32

	Final Product
	0,01
	0,25
	-0,27

	Change in productivity 
	0,02
	-0,01
	0,03

	Industry
	
	
	

	Total output
	-0,17
	0,17
	-0,35

	Final Product
	-0,29
	-0,11
	-0,16

	Change in productivity 
	-0,04
	-0,09
	0,06

	Extraction 
	
	
	

	Total output
	0,14
	-0,25
	0,25

	Final Product
	1,07
	-0,33
	1,78

	Change in productivity 
	0,34
	-0,03
	0,57

	Manufacture industry (without oil refinery)
	
	
	

	Total output
	-0,27
	0,34
	-0,53

	Final Product
	-0,55
	0,27
	-0,61

	Change in productivity 
	-0,09
	-0,02
	-0,03

	Services
	
	
	

	Total output
	0,08
	0,37
	-0,32

	Final Product
	0,12
	0,40
	-0,31

	Change in productivity 
	0,03
	0,02
	0,01


Sources: Author’s estimations based on the Model described in this paper
As we see in Table 3 all assumed macroeconomic variables have a very strong influence on structure and productivity of the Russian Economy.
Two scenarios are considered for forecast of the Russian Economy development in 2012-2025: optimistic and pessimistic. Construction of the scenarios is facilitated by endogenous variables of money and currency markets. As a result key parameters of scenarios are actual Urals oil price, M2 growth rates, Total output deflator and real wages growth rates. Besides, we have accepted assumptions concerning currency policy of Russian Central Bank and some accounts of Russian Balance of Payment. In both scenarios based on trends in the Russian Oil&Gas sector we’ve made assumption that maximal oil and gas production in Russia will be limited by 541 million tons and 696 bln cubic meters, which will be achieved in 2017. 
In the optimistic scenario we expect recovery of world economy from debt problem and stable growth of oil prices approximately by 2% annually (145 USD per barrel of Urals in 2025). In this case average annual growth rate of the Russian GDP would be about 3,77%, and nominal exchange rate of the Russian Rouble would decrease to 40 Russian Roubles per 1 US Dollar in 2025 (See Table 4). 

In the pessimistic scenario we expect long-term negative influence of the Debt problem on world economy and stable declining of oil prices approximately by 2% annually (83 USD per barrel of Urals in 2025). In this case average annual growth rate of the Russian GDP would be about 2,3%, and nominal exchange rate of the Russian Rouble would decrease to 51 Russian Roubles per 1 US Dollar in 2025 (See Table 5). 

Table 4. Forecast of the Russian Economy development in 2011-2025 гг. (optimistic scenario)

	 
	2010
	2015
	2020
	2025

	Exogenous parameters
	
	
	
	

	Urals export price, USD per barrel
	86,2
	119,1
	131,5
	145,1

	Growth rate of nominal money supply to year 2010
	1,00
	2,06
	3,48
	5,25

	Total output deflator to year 2010
	1,00
	1,49
	1,90
	2,19

	Growth rate of real wage to year 2010
	1,00
	1,30
	1,74
	2,33

	Endogenous variables
	
	
	
	

	Nominal exchange rate, Russian Roubles per USD
	30,4
	33,7
	39,2
	40,2

	Nominal interest rate, in percent
	10,8
	7,6
	4,3
	1,8

	Growth rate of real exchange rate USD per Russian Roubles to year 2010
	1,00
	1,19
	1,15
	1,14

	Growth rate of real total output to year 2010
	1,00
	1,17
	1,44
	1,84

	Growth rate of real GDP to year 2010
	1,00
	1,16
	1,41
	1,78

	Value added relative productivity, in percent
	48,9
	48,8
	48,1
	47,2


Sources: Author’s estimations based on the Model described in this paper
Table 5. Forecast of the Russian Economy development in 2011-2025 гг. (optimistic scenario)

	 
	2010
	2015
	2020
	2025

	Exogenous parameters
	
	
	
	

	Urals export price, USD per barrel
	86,2
	101,6
	92,0
	83,4

	Growth rate of nominal money supply to year 2010
	1,00
	1,74
	2,49
	3,29

	Total output deflator to year 2010
	1,00
	1,55
	2,19
	2,86

	Growth rate of real wage to year 2010
	1,00
	1,18
	1,37
	1,59

	Endogenous variables
	
	
	
	

	Nominal exchange rate, Russian Roubles per USD
	30,4
	35,3
	45,6
	51,3

	Nominal interest rate, in percent
	10,8
	9,0
	7,2
	5,4

	Growth rate of real exchange rate USD per Russian Roubles to year 2010
	1,00
	1,18
	1,14
	1,17

	Growth rate of real total output to year 2010
	1,00
	1,11
	1,25
	1,43

	Growth rate of real GDP to year 2010
	1,00
	1,11
	1,24
	1,40

	Value added relative productivity, in percent
	48,9
	49,0
	48,5
	47,8


Sources: Author’s estimations based on the Model described in this paper

As we see in tables 4 and 5 declining of oil export prices would significantly slow down the Russian Economy and cause a strong devaluation of the Russian currency. 

According to the Optimistic scenario Value added relative productivity of the Russian Economy will rise from 48.9% in 2010 to 49.7% in 2025. A Share of processing manufactures without manufacture of oil products and coke in total output will grow from 21.2% in 2010 to 24.7% in 2025, share of machine industry will grow from 5.1% in 2010 to 6.7% in 2025.
According to the Pessimistic scenario Value added relative productivity of the Russian Economy will fall from 48.9% in 2010 to 47.8% in 2025. A Share of processing manufactures without manufacture of oil products and coke in total output will grow from 21.2% in 2010 to 24.9% in 2025, share of machine industry will grow from 5.1% in 2010 to 5.6% in 2025.

In both scenarios we’ve considered various variants of government industrial policy (subsidizing of interest rates on credits, export subsidizing, etc.). According to calculations the most effective (in terms of GDP) government measure is a subsidy for an interest rate covering under credits for modernization of industrial equipment to modern equipment produced by domestic enterprises. For example according the Optimistic scenario the subsidizing of 2.5 pp. interest rate would allow to accelerate annual GDP growth by 0.15 percent to 3.92%. A Share of processing manufactures without manufacture of oil products and coke in total output will grow from 21.2% in 2010 to 27.1% in 2025, share of machine industry will grow from 5.1% in 2010 to 10.0% in 2025. But accelerating of GDP will be accompanied by Value added relative productivity decrease (to 47.2% in 2025).
Figure 2. Scheme of development of IO-GE Model of the Russian Economy
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