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Empirical Investigation

y(t=1) – Gross domestic product per capita in 
year 1

y(t=n) – Gross domestic product per capita in 
year “n”

g – annual growth rate of GDP per capita

i – Countries / Regions

Standard Approach My paper

y(t=1795) – Gross industry production per 
capita in 1795

y(t=1897) – Gross industry production per 
capita in 1897

g – annual growth rate

i – Countries / Regions
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Specifications of the Convergence Model. Dependent Variable: Real annual growth of the GIP per capita
Estimated Half-Life

Baseline Human Capital Geography
Proxies for 

Trade
Compilations

(1) (2) (3) (4) (7) (10)
Log Gross Industry Production per 
capita

-0.812*** -0.899*** -0.899*** -0.748*** -0.842*** -0.727***

[-9.26] [-8.39] [-8.59] [-9.23] [-10.35] [-6.67]

The Convergence Rate 1.64% 2.25% 2.25% 1.35% 1.81% 1.27%

Implied Half-Life, years 42   31   31   51   38   54   
Observations                   48 40 40 48 48 40
Adjusted R-squared          0.643 0.641 0.649 0.747 0.697 0.726
t statistics in brackets * p<0.1, ** p<0.05, *** p<0.01
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Limitations and Further Prospects

Statistical Issues Contextual Issues

Price levels across regions
Value Added vs Gross Industry Product
Agriculture & Services vs Industry
Population growth vs Labor force growth

Public investment: Malorossia (Ukraine)
Effect of the institutions: emancipation of the serfs
Protectionism
Monetary policy (switch to bimetallism)
Infrastructure: Railways
Informal practices: Religious groups
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Research Question
(a) Did regions of the Russian Empire industrialize in the 
nineteenth century?
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Research Question
(a) Did regions of the Russian Empire industrialize in the 
nineteenth century?

(b) If so, did they industrialize according to the neoclassical 
growth model (convergence in production levels per capita)?

32



Empirical Investigation
ln 𝑦𝑖,𝑡 − ln 𝑦𝑖,𝑡−𝜏 = 𝛼 + 𝛽 ∗ ln 𝑦𝑖,𝑡−𝜏 + 𝜖𝑖
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Empirical Investigation

y – GDP per capita

t-τ – Distance in years

i – Countries / Regions

Standard Approach

ln 𝑦𝑖,𝑡 − ln 𝑦𝑖,𝑡−𝜏 = 𝛼 + 𝛽 ∗ ln 𝑦𝑖,𝑡−𝜏 + 𝜖𝑖

34



Empirical Investigation

y – GDP per capita

t-τ – Distance in years

i – Countries / Regions

Standard Approach My paper

y – Gross industry production per capita

t-τ – 102 years (1795 – 1897)

i – Regions of the Russian Empire

ln 𝑦𝑖,𝑡 − ln 𝑦𝑖,𝑡−𝜏 = 𝛼 + 𝛽 ∗ ln 𝑦𝑖,𝑡−𝜏 + 𝜖𝑖
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Data Sources
Regional Variables Modern Source Base

Gross industry output Ristat 1797 | Government Commissions
1897 | Ministry Statistics + Handicraft Census

Population Ristat, GCHLR 1795 | The 5th Revision
1897 | The 1st Census of the Russian Empire

Urbanization rate Ristat, GCHLR 1795 | Storch (1795), The 5th Revision

Ethnicity (Jews, Germans) GCHLR 1795 | The 5th Revision

Number of teachers and pupils Ristat 1795 | Reports of the state commissions

Inflation rate Mironov (2012) Price of the consumer basket of the carpenters of St. Petersburg

Prices for manufacturing goods - Code of the good’s prices (1900, 1901); Kabuzan (1994)

Changes in borders - Den (1902), Atlas (1796), Atlas (1808), Maps (1821, 1875)

Geolocation of the cities Google Maps -
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Summary Stats
Variable Obs Mean Std. Dev. Min Max

1795 | Population in Region 48 728,033   274,117   62,906   1,127,496   

1897 | Population in Region 48 1,952,697   988,547   311,144   4,995,617   

1795 | Gross Industry Production in a 
Region 48 1,034,873   1,608,484   10,579   8,435,317   
1897 | Real Gross Industry Production in 
a Region 48 28,700,000   49,500,000   1,757,816   226,000,000   

1795 | Gross Industry Production per 
capita, roubles 48 1.62   2.40   0.01   11.33   
1897 | Real Gross Industry Production 
per capita, roubles 48 14.32   20.39   1.54   83.65   

Annual Growth Rate, Real Gross 
Industry Production per capita 48 2.58   1.62   - 0.18   7.14   37
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Specifications of the Convergence Model. Dependent Variable: Real annual growth of the GIP per capita
Selected Covariates and Models

Baseline Human Capital Geography
Proxies for 

Trade
Compilation

(1) (2) (3) (4) (7) (10)
Log GIP per capita -0.812*** -0.899*** -0.899*** -0.748*** -0.842*** -0.727***

[-9.26] [-8.39] [-8.59] [-9.23] [-10.35] [-6.67]
Pupils per capita 138.1**

[2.12]
Teachers per capita 3515.9** 459.7

[2.35] [0.18]   
Border with the Black Sea 1.367** 1.456** 

[2.64] [2.44]   
Border with the Baltic Sea 1.683*** 1.735** 

[3.91] [2.44]   
Germans per capita 674.9*** 92.58

[3.04] [0.21]   
Constant                    2.160*** 1.927*** 1.942*** 1.994*** 2.019*** 1.988***

[14.70] [10.90] [11.55] [14.31] [14.10] [7.02]
Observations                   48 40 40 48 48 40
Adj. R-squared          0.643 0.641 0.649 0.747 0.697 0.726
t stat. in brackets * p<0.1, ** p<0.05, *** p<0.01
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Adj. R-squared          0.643 0.641 0.649 0.747 0.697 0.726
t stat. in brackets * p<0.1, ** p<0.05, *** p<0.01
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Specifications of the Convergence Model. Dependent Variable: Real annual growth of the GIP per capita
Estimated Half-Life

Baseline Human Capital Geography
Proxies for 

Trade
Compilations

(1) (2) (3) (4) (7) (10)
Log Gross Industry Production per 
capita

-0.812*** -0.899*** -0.899*** -0.748*** -0.842*** -0.727***

[-9.26] [-8.39] [-8.59] [-9.23] [-10.35] [-6.67]

The Convergence Rate 1.64% 2.25% 2.25% 1.35% 1.81% 1.27%

Implied Half-Life, years 42   31   31   51   38   54   
Observations                   48 40 40 48 48 40
Adjusted R-squared          0.643 0.641 0.649 0.747 0.697 0.726
t statistics in brackets * p<0.1, ** p<0.05, *** p<0.01
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Convergence Model Augmented with the Spatial Effects

Spatial Error Models Spatial Lag Models

(1) (2) (3) (4) (5) (6) (7) (8)

Log Gross Industry Production 
per capita

-0.794*** -0.769*** -0.826*** -0.782*** -0.798*** -0.765*** -0.827*** -0.773***

[-9.15] [-10.44] [-10.60] [-10.69] [-9.56] [-10.25] [-10.77] [-10.32]

Border with the Black Sea No Yes No Yes No Yes No Yes

Border with the Baltic Sea No Yes No Yes No Yes No Yes

German per capita No No Yes Yes No No Yes Yes

lambda - Spatial Error Coeff. 0.439 0.426 0.566 0.517

[0.99] [0.98] [1.53] [1.33]

rho - Spatial Lag Coeff. 0.532* -0.111 0.507* -0.00214

[1.76] [-0.29] [1.73] [-0.01]

Observations                   48 48 48 48 48 48 48 48

t statistics in brackets * p<0.1, ** p<0.05, *** p<0.01
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Spatial Error Models Spatial Lag Models

(1) (2) (3) (4) (5) (6) (7) (8)

Log Gross Industry Production 
per capita

-0.794*** -0.769*** -0.826*** -0.782*** -0.798*** -0.765*** -0.827*** -0.773***

[-9.15] [-10.44] [-10.60] [-10.69] [-9.56] [-10.25] [-10.77] [-10.32]

Border with the Black Sea No Yes No Yes No Yes No Yes

Border with the Baltic Sea No Yes No Yes No Yes No Yes

German per capita No No Yes Yes No No Yes Yes

lambda - Spatial Error Coeff. 0.439 0.426 0.566 0.517

[0.99] [0.98] [1.53] [1.33]

rho - Spatial Lag Coeff. 0.532* -0.111 0.507* -0.00214

[1.76] [-0.29] [1.73] [-0.01]

Observations                   48 48 48 48 48 48 48 48

t statistics in brackets * p<0.1, ** p<0.05, *** p<0.01

Convergence Model Augmented with the Spatial Effects
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Spatial Error Models Spatial Lag Models

(1) (2) (3) (4) (5) (6) (7) (8)

Log Gross Industry Production 
per capita
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Border with the Black Sea No Yes No Yes No Yes No Yes

Border with the Baltic Sea No Yes No Yes No Yes No Yes

German per capita No No Yes Yes No No Yes Yes

lambda - Spatial Error Coeff. 0.439 0.426 0.566 0.517

[0.99] [0.98] [1.53] [1.33]

rho - Spatial Lag Coeff. 0.532* -0.111 0.507* -0.00214

[1.76] [-0.29] [1.73] [-0.01]

Observations                   48 48 48 48 48 48 48 48

t statistics in brackets * p<0.1, ** p<0.05, *** p<0.01

Convergence Model Augmented with the Spatial Effects
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Data Adjustment
Besides inflation one has to correct the data according to the changes in regional borders.

The number of regions in Russia Increased from 50 in 1797 to 89 in 1897. Main changes in 
the European part occurred from 1797 to 1808. Changes in other regions were mainly due to 
acquisition of the new 

Hierarchy of the Regional Division: Empire -> Regions (Gubernii) -> Districs (Uezdy) -> 
Sub-districts (Volosty)
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Empire“Gubernia 1” “Gubernia 2” “Gubernia N”

Uezd 11 Uezd 12

Uezd 1N

Uezd 21 Uezd 22

Uezd 2N

Uezd N1 Uezd N2

Uezd
NN
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The Russian Empire
Around 1820

Regions |“Gubernii”

Source: Imperiia Project



The Kursk Region
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Districts | Uezds



An Example of the Border 
Adjustment
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Case: the Kursk 
Region
YEAR: 1796

District’s division is in color.
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Case: the Kursk 
Region
YEAR: 1876

District’s division is by the tiny green 
lines.

The image is squeezed since it was 
“pinned” to the point of the older 
map to provide comparability of the 
estimated squares.
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A Direct Overlay
Opacity of the later map: 40%

The method required a lot of the 
handicraft work

From this macro-view, the 
differences are difficult to see. Let’s 
go deeper.
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Microview | The 
Miropolje Case
The city “Miropolje” was not the part 
of the Kursk region in 1796.
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Microview | The 
Miropolje Case
The city “Miropolje” was not the part 
of the Kursk region in 1796.

But it was assigned to the region in 
1876 (it lies within the borders)
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The Overlay View
The violett area is the square of the
old (1796) district. We can see (more 
or less) where it ends and by how 
much the square of the new district 
extends.
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Border of the 
District
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The Overlay View
The violett area is the square of the
old (1796) district. We can see (more 
or less) where it ends and by how 
much the square of the new district 
extends.
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Border of the 
District
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Squares of the 
District
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Total Square (St): 27935 Sq. Units
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Total Square (St): 27935 Sq. Units

Square of the Substracted Part (Ss): 8389 Sq. Units 



70

Total Square (St): 27935 Sq. Units

Square of the Substracted Part (Ss): 8389 Sq. Units

Ratio (Ss / St) = 30%
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Total Square (St): 27935 Sq. Units

Square of the Substracted Part (Ss): 8389 Sq. Units

Ratio (Ss / St) = 30%

Share of the district’s population in the regional 
population (1897) = 6.35%
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Total Square (St): 27935 Sq. Units

Square of the Substracted Part (Ss): 8389 Sq. Units

Ratio (Ss / St) = 30%

Share of the district’s population in the regional 
population (1897) = 6.35%

Correction coefficient = 0.3 * 0.0635 = 0.0195 (1.95%)



The Complete 
Overview of 
Kursk
Every green area represent a specific 
district of the region that was partly 
of fully reassigned to it from the 
other region since 1797.
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The Squares 
Table
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Spin_Off / U_Area gives appr. 0.30

Therefore, I suppose that 30% of the 
industry output of the Sudzhansky
district of the Kursk region should 
be assigned to the Kharkov region.

The Sudzhansky district accounted 
for 6.35% of the total population in 
Kursk region in 1897. I assume that 
the same ratio is true for the 
district’s share in the industrial 
output in the region.

Therefore I subtract the multiple 0.3 
* 0.0635 * (Ind. Output in Kursk) 
from the Kursk region and add it to 
Kharkov



The Conversion 
Table
The same procedure is applied for 
the districts that were reassigned to 
other regions during the 19th century.

In the case of Kursk, 14.1% was 
initially governed by the Kharkov 
authorities in 1797. Therefore, we 
reassign 14.1% of the population and 
industry output from Kursk to 
Kharkov region.
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