SUPPLEMENTARY MATERIAL FOR:
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TABLE A1.1: Agricultural output, population and agricultural output per head in Russia, 1690s-1880s (1880s=100)

	
	Agricultural output
	Population
	Agricultural output per head

	1690s
	14.2
	12.1
	117.9

	1700s
	15.6
	13.1
	118.8

	1710s
	17.3
	14.3
	121.6

	1720s
	24.3
	15.0
	162.2

	1730s
	22.7
	15.8
	143.8

	1740s
	29.4
	16.6
	177.1

	1750s
	28.3
	18.8
	150.7

	1760s
	37.5
	21.2
	177.1

	1770s
	41.8
	23.5
	178.0

	1780s
	36.2
	25.9
	139.4

	1790s
	40.7
	34.2
	119.0

	1800s
	45.3
	38.0
	119.1

	1810s
	48.1
	43.1
	111.5

	1820s
	53.7
	50.8
	105.8

	1830s
	60.7
	58.0
	104.6

	1840s
	74.4
	63.5
	117.0

	1850s
	73.6
	69.3
	106.2

	1860s
	73.7
	75.0
	98.3

	1870s
	92.4
	87.6
	105.4

	1880s
	100.0
	100.0
	100.0



Notes and sources: 1690s-1800s: Agricultural output derived from Tables 3A and 4A as the product of plowland and rye yields, with log-linear interpolation between benchmarks. Population derived from Mironov (2000: 4) and Kahan (1985: 8) with log-linear interpolation between benchmarks. Agricultural output per head derived by dividing agricultural output by population
1800s-1880s: Crop production for 50 European provinces taken from Zverinskiy (1884), Bezobrazov (1872), Urozhay (1885), Livron (1874), Nifontov (1974), Pokrovskii (1902). Agricultural output per head derived by dividing crop production for 50 European provinces by population for the same territory from Rashin (1956). Population for the Russian Empire derived from annual data in Statisticheskiy yezhegodnik (1916). Agricultural output derived by multiplying population for the Russian Empire by agricultural output per head in the 50 European provinces.


TABLE A1.2: Large-scale industrial production in Russia, 1690s-1880s: Metals (1880s=100)

	
	Silver
	Gold
	
Copper
	Pig iron
	Bar iron
	Metal- working
	Total Metals

	1690s
	
	
	
	
	
	
	

	1700s
	0.5
	0.001
	3.0
	0.3
	0.5
	
	0.2

	1710s
	1.6
	0.001
	3.0
	0.9
	1.0
	
	0.4

	1720s
	0.7
	0.001
	2.9
	1.9
	2.3
	
	0.8

	1730s
	0.3
	0.001
	8.5
	3.9
	3.8
	
	1.5

	1740s
	17.5
	0.1
	15.4
	5.8
	5.1
	
	2.3

	1750s
	63.4
	0.6
	47.5
	7.4
	9.0
	
	4.4

	1760s
	137.9
	0.8
	95.8
	12.6
	11.7
	
	7.5

	1770s
	247.9
	1.6
	82.6
	17.8
	16.3
	
	9.5

	1780s
	176.6
	1.0
	89.8
	20.8
	22.0
	
	10.6

	1790s
	208.6
	1.2
	62.9
	29.9
	25.7
	
	12.2

	1800s
	227.4
	1.60
	99.7
	34.1
	29.8
	1.3
	14.8

	1810s
	218.8
	0.60
	102.7
	32.0
	32.4
	1.4
	15.0

	1820s
	210.5
	6.60
	105.8
	36.1
	35.4
	1.5
	18.2

	1830s
	202.5
	16.1
	116.8
	39.1
	38.6
	1.6
	22.5

	1840s
	191.5
	47.3
	139.8
	42.4
	42.1
	1.8
	33.7

	1850s
	170.4
	59.2
	185.0
	53.3
	58.5
	2.7
	43.0

	1860s
	169.7
	59.9
	142.5
	67.5
	64.0
	8.4
	45.3

	1870s
	115.7
	88.2
	118.3
	89.2
	89.2
	28.9
	67.6

	1880s
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0
	100.0



Sources and notes: 1690s-1800s: Kahan (1985: 83-85, 110, 114), with minor corrections from original sources for copper from Pavlenko (1953: 78; 1962: 239, 462). Additional information from Golitsyn (1807: 9), Zyablovskii (1815, part 4: 204, 218, 230), Strumilin (1954: 180-206, 347, 367; 1966: 509), Danilevskii (1949: 47). Weights for c. 1805 from Table 4. 
1800s-1880s: Silver: Statisticheskiye tablitsy (1852: 9); Zyablovskii (1815, part 4: 230); Keppen (1879: 60); Istoriko-statisticheskiy obzor (1883: table 2 in appendix). Gold: Zyablovskii (1815, part 4: 209, 230); Hermann (1808: 39); Danilevskii (1949: 254); Keppen (1879: 26-27); Istoriko-statisticheskiy obzor (1883: 128-129 + table 1 in appendix). Copper: Pavlenko (1953: 78); Pavlenko (1962: 239, 462); Strumilin (1954: 347) reference 34; Statisticheskiye tablitsy (1852: 9); Zyablovskii (1815, part 4: 204, 230); Keppen (1879: 62); Istoriko-statisticheskiy obzor (1883: table 7 in appendix). Metalworking: Strumilin (1954: 180-206, 367); Strumilin (1966: 509); Statisticheskiye tablitsy (1852: 9); Zyablovskii (1815, part 4: 230); Pavlenko (1962: 460); Keppen (1879: 64); Istoriko-statisticheskiy obzor (1883: table 8 in appendix). Weights for c. 1848 and c. 1887 from Table 4.




TABLE A1.3: Large-scale industrial production in Russia, 1690s-1880s: Food and drink (1880s=100)

	
	Salt
	Alcohol
	
Sugar
	Food & drink

	1690s
	
	
	
	

	1700s
	7.1
	
	
	1.5

	1710s
	8.5
	
	
	1.8

	1720s
	10.0
	2.1
	
	2.2

	1730s
	12.0
	2.1
	
	2.2

	1740s
	15.4
	2.7
	
	2.8

	1750s
	14.0
	3.8
	
	3.7

	1760s
	14.9
	5.4
	
	5.2

	1770s
	17.9
	7.6
	
	7.2

	1780s
	19.8
	9.9
	
	9.3

	1790s
	26.0
	11.1
	
	10.6

	1800s
	45.2
	19.7
	
	18.7

	1810s
	39.6
	27.5
	
	25.0

	1820s
	45.2
	37.9
	
	34.1

	1830s
	51.6
	44.3
	
	39.8

	1840s
	58.9
	51.7
	2.5
	43.0

	1850s
	68.0
	62.4
	6.9
	52.4

	1860s
	72.0
	75.3
	21.3
	65.3

	1870s
	82.9
	82.8
	58.2
	78.3

	1880s
	100.0
	100.0
	100.0
	100.0



Sources and notes: 1690s-1800s: Kahan (1985: 96-97, 324), with minor corrections from original sources for salt (Troitskii, 1966: 169; Chechulin, 1906: 199-200) and alcohol (Troitskii, 1966: 159; Chechulin, 1906: 167-168). Alcohol tax revenues are deflated by the official prices per unit (vedro) of alcohol. Additional information for the 1800s from Golitsyn (1807: 9), Zyablovskii (1815, part 4: 281-289), Svedeniya (1860: vol. 3, 3-5) and RGIA, F. 17. Op. 1. D. 44, p. 157 ob. Weights for c. 1805 from Table 4.
1800s-1880s: Salt: Statisticheskiye tablitsy (1852: 9); Zyablovskii (1815, part 4: 281, 282, 289); Keppen (1879: 56); Istoriko-statisticheskiy obzor (1883: 151, 162, table XIII). Alcohol: Svedeniya (1860, vol 3: 3-12; Konotopov and Smetanin (1992: 148); Istoriko-statisticheskiy obzor (1886: 4, 8, 63-65); Obshchaya gosudarstvennaya rospis' dokhodov i raskhodov [General State List of Income and Expenses], http://istmat.info/node/47078; Pokrovskii (1902, vol 1: 103). Sugar: Istoriko-statisticheskiy obzor (1886: 12, 14, 24, 25); Obzor (1858); Semenov (1859: vol 3, p. 442). Weights for c. 1848 and c. 1887 from Table 4.



TABLE A1.4: Large-scale industrial production in Russia, 1690s-1880s: Textiles (1880s=100)

	
	Wool
	Linen
	Cotton
	Textiles

	1690s
	
	0.6
	
	0.1

	1700s
	
	1.3
	
	0.1

	1710s
	0.6
	2.5
	
	0.2

	1720s
	1.1
	5.1
	
	0.5

	1730s
	2.3
	11.4
	
	1.0

	1740s
	2.5
	17.8
	
	1.3

	1750s
	4.3
	22.0
	
	1.9

	1760s
	6.7
	36.7
	
	3.0

	1770s
	11.4
	101.2
	
	7.0

	1780s
	7.1
	98.8
	
	6.1

	1790s
	10.5
	161.6
	
	9.8

	1800s
	13.4
	80.2
	
	6.4

	1810s
	15.1
	120.3
	0.2
	8.1

	1820s
	19.1
	112.8
	1.2
	10.3

	1830s
	28.1
	123.3
	3.0
	15.6

	1840s
	63.9
	63.9
	10.2
	33.5

	1850s
	80.3
	80.3
	24.6
	58.8

	1860s
	135.1
	135.1
	32.1
	95.2

	1870s
	151.5
	151.5
	65.7
	118.3

	1880s
	100.0
	100.0
	100.0
	100.0



Sources and notes: Sources and notes: 1690s-1800s: Wool cloth supply from Kahan (1985: 103), interpolated for the 1770s and 1780s using wool cloth demand. Linen output is measured by exports from Kahan (1985: 89), interpolated before the 1750s using the number of linen manufactories from Kahan (1985: 88). Additional information for the 1800s from Zyablovskii (1815, part 5: 10, 33), RGIA. F. 17. Op. 1. D. 44.  Weights for c. 1805 from Table 4.
1800s-1880s: Wool: Zyablovskii (1815, part 5: 10); RGIA F. 17. op. 1. d. 44; Istoriko-statisticheskiy obzor (1886: 137, 138, 158, 161, 165); Konotopov and Smetanin (1992: 113-114). Linen: Zyablovskii (1815, part 5: 33); Istoriko-statisticheskiy obzor (1886: 48); Semenov (1859). Cotton: Istoriko-statisticheskiy obzor (1886: 75, 85); Semenov (1859, vol 3: 440). Weights for c. 1848 and c. 1887 from Table 4.




TABLE A1.5: Large-scale industrial production in Russia, 1690s-1880s: Major branches


	
	Metals
	Food & drink
	
Textiles & other
	Total large-scale industry

	1690s
	
	
	0.1
	0.3

	1700s
	0.2
	1.5
	0.1
	0.5

	1710s
	0.4
	1.8
	0.2
	0.7

	1720s
	0.8
	2.2
	0.5
	1.0

	1730s
	1.5
	2.2
	1.0
	1.6

	1740s
	2.3
	2.8
	1.3
	2.2

	1750s
	4.4
	3.7
	1.9
	3.2

	1760s
	7.5
	5.2
	3.0
	5.0

	1770s
	9.5
	7.2
	7.0
	9.1

	1780s
	10.6
	9.3
	6.1
	9.1

	1790s
	12.2
	10.6
	9.8
	12.6

	1800s
	14.8
	18.7
	6.4
	12.4

	1810s
	15.0
	25.0
	8.1
	15.2

	1820s
	18.2
	34.1
	10.3
	19.8

	1830s
	22.5
	39.8
	15.6
	25.1

	1840s
	33.7
	43.0
	33.5
	38.4

	1850s
	43.0
	52.4
	58.8
	52.9

	1860s
	45.3
	65.3
	95.2
	71.6

	1870s
	67.6
	78.3
	118.3
	89.3

	1880s
	100.0
	100.0
	100.0
	100.0



Sources and notes: 1690s-1800s: Tables A1.2, A1.3, A1.4. Weights for c. 1805 from Table 4.
1800s-1880s: Tables A1.2, A1.3, A1.4. Weights for c. 1848 and c. 1887 from Table 4.










TABLE A1.6: Total industrial production in Russia, 1690s-1880s (1880s=100)

	
	Large-scale industry
	Small-scale industry
	Total industrial production

	1690s
	0.3
	12.1
	6.4

	1700s
	0.5
	13.1
	7.1

	1710s
	0.7
	14.3
	7.8

	1720s
	1.0
	15.0
	8.3

	1730s
	1.6
	15.8
	9.0

	1740s
	2.2
	16.6
	9.7

	1750s
	3.2
	18.8
	11.3

	1760s
	5.0
	21.2
	13.5

	1770s
	9.1
	23.5
	16.6

	1780s
	9.1
	25.9
	17.9

	1790s
	12.6
	34.2
	23.8

	1800s
	12.4
	38.0
	25.7

	1810s
	15.2
	43.1
	29.8

	1820s
	19.8
	50.8
	35.9

	1830s
	25.1
	58.0
	42.3

	1840s
	38.4
	63.5
	51.5

	1850s
	52.9
	69.3
	61.5

	1860s
	71.6
	75.0
	73.4

	1870s
	89.3
	87.6
	88.4

	1880s
	100.0
	100.0
	100.0



Sources and notes: Large-scale industry derived from Table A1.2 to A1.4 using weights from Table 4. Other large-scale industries are assumed to grow at the same rate as textiles. Small-scale industry assumed to grow at the same rate as population. Weights for aggregating large-scale and small-scale industry from Gregory (1982: 73).




TABLE A1.7: Commodity production in Russia, 1690s-1880s (1880s=100)

	
	Agriculture
	Industry
	Commodity output
	Commodity output per head

	1690s
	14.2
	6.4
	12.0
	99.7

	1700s
	15.6
	7.1
	13.2
	100.6

	1710s
	17.3
	7.8
	14.6
	102.7

	1720s
	24.3
	8.3
	19.8
	132.2

	1730s
	22.7
	9.0
	18.9
	119.4

	1740s
	29.4
	9.7
	23.9
	143.7

	1750s
	28.3
	11.3
	23.5
	125.3

	1760s
	37.5
	13.5
	30.8
	145.2

	1770s
	41.8
	16.6
	34.7
	147.9

	1780s
	36.2
	17.9
	31.0
	119.6

	1790s
	40.7
	23.8
	35.9
	105.2

	1800s
	45.3
	25.7
	39.8
	104.7

	1810s
	48.1
	29.8
	42.9
	99.5

	1820s
	53.7
	35.9
	48.7
	96.0

	1830s
	60.7
	42.3
	55.5
	95.7

	1840s
	74.4
	51.5
	67.9
	106.9

	1850s
	73.6
	61.5
	70.2
	101.3

	1860s
	73.7
	73.4
	73.6
	98.1

	1870s
	92.4
	88.4
	91.3
	104.2

	1880s
	100.0
	100.0
	100.0
	100.0



Sources and notes: Agriculture from Table A1.1. Industry from Table A1.6. Weights for 1880s from Table 6.





TABLE A1.8: Commerce in Russia, 1690s-1880s (1800s=100)

	
	Foreign trade
	Domestic trade
	Commerce

	1690s
	
	12.0
	8.8

	1700s
	1.2
	13.2
	9.6

	1710s
	1.3
	14.6
	10.6

	1720s
	2.2
	19.8
	14.5

	1730s
	2.2
	18.9
	13.9

	1740s
	2.4
	23.9
	17.4

	1750s
	3.1
	23.5
	17.4

	1760s
	4.7
	30.8
	23.0

	1770s
	6.4
	34.7
	26.2

	1780s
	7.1
	31.0
	23.8

	1790s
	12.5
	35.9
	28.9

	1800s
	12.9
	39.8
	31.7

	1810s
	14.1
	42.9
	34.3

	1820s
	16.0
	48.7
	38.9

	1830s
	20.9
	55.5
	45.1

	1840s
	26.9
	67.9
	55.6

	1850s
	32.8
	70.2
	59.0

	1860s
	48.9
	73.6
	66.2

	1870s
	95.4
	91.3
	92.5

	1880s
	100.0
	100.0
	100.0



Sources and notes: 1690s-1800s: Foreign trade: value of exports in current prices from Kahan (1985: 164-165); checked against and augmented by data from Repin (1985: 502, 521, 538-541, 561, 563), Strumilin (1954: 234), Semenov (1859, vol. 3, 221), Chulkov (1788: vol. 7 bk 1, table 8-14) and Troitskii (1966: 185), Storch (1801: 174/15) and Valetov (2017). Current price data deflated to constant prices using the general price deflator from Mironov (2012). Domestic trade: commodity output from Table A1.7. Weights for the 1880s are 30% for foreign trade and 70% for domestic trade.
1800s-1880s: Foreign trade: value of exports in current prices from the History Faculty of Lomonosov Moscow State University (2011), converted to gold roubles by Valetov (2017). Domestic trade: commodity output from Table A1.7. Weights for the 1880s are 30% for foreign trade and 70% for domestic trade. 





TABLE A1.9: Services in Russia, 1690s-1880s (1800s=100)

	
	Commerce
	Government
	Rent & domestic services
	Total services

	1690s
	8.8
	10.1
	12.1
	10.0

	1700s
	9.6
	10.9
	13.1
	10.9

	1710s
	10.6
	6.5
	14.3
	11.4

	1720s
	14.5
	12.5
	15.0
	14.5

	1730s
	13.9
	13.2
	15.8
	14.4

	1740s
	17.4
	5.9
	16.6
	16.0

	1750s
	17.4
	15.6
	18.8
	17.7

	1760s
	23.0
	28.2
	21.2
	22.9

	1770s
	26.2
	19.5
	23.5
	24.6

	1780s
	23.8
	28.1
	25.9
	25.0

	1790s
	28.9
	32.1
	34.2
	31.0

	1800s
	31.7
	31.7
	38.0
	33.8

	1810s
	34.3
	82.0
	43.1
	42.0

	1820s
	38.9
	100.1
	50.8
	49.0

	1830s
	45.1
	104.3
	58.0
	55.3

	1840s
	55.6
	42.2
	63.5
	57.0

	1850s
	59.0
	56.8
	69.3
	62.2

	1860s
	66.2
	64.0
	75.0
	68.9

	1870s
	92.5
	80.2
	87.6
	89.6

	1880s
	100.0
	100.0
	100.0
	100.0



Sources and notes: 1690s-1800s: Commerce: Table A1.7. Government: assumed to grow in line with population. Other domestic services: assumed to grow in line with population, with a cyclical adjustment for military personnel from Kahan (1985: 8). Weights for the 1880s from Table 6.
1800s-1880s: Commerce: Table A1.7. Government: 1803-1885: Nominal ordinary expenditure from Tabata and Tabata (2019), Appendix Table 8.1, deflated by the general price index from Mironov (2012: 310). Rent & domestic services: assumed to grow in line with population. Weights for the 1880s from Table 6. 




TABLE A1.10: GDP by major branches and GDP per capita in Russia, 1690s-1880s (1880s=100)

	
	Agriculture
	Industry
	Services
	GDP
	GDP p.c.

	1690s
	14.2
	6.4
	10.0
	11.6
	96.1

	1700s
	15.6
	7.1
	10.9
	12.7
	96.9

	1710s
	17.3
	7.8
	11.4
	14.0
	98.0

	1720s
	24.3
	8.3
	14.5
	18.7
	124.6

	1730s
	22.7
	9.0
	14.4
	17.9
	113.4

	1740s
	29.4
	9.7
	16.0
	22.2
	133.7

	1750s
	28.3
	11.3
	17.7
	22.3
	118.7

	1760s
	37.5
	13.5
	22.9
	29.1
	137.3

	1770s
	41.8
	16.6
	24.6
	32.5
	138.7

	1780s
	36.2
	17.9
	25.0
	29.7
	114.6

	1790s
	40.7
	23.8
	31.0
	34.9
	102.1

	1800s
	45.3
	25.7
	33.8
	38.5
	101.3

	1810s
	48.1
	29.8
	42.0
	42.7
	99.1

	1820s
	53.7
	35.9
	49.0
	48.8
	96.1

	1830s
	60.7
	42.3
	55.3
	55.5
	95.6

	1840s
	74.4
	51.5
	57.0
	65.6
	103.3

	1850s
	73.6
	61.5
	62.2
	68.5
	98.8

	1860s
	73.7
	73.4
	68.9
	72.6
	96.8

	1870s
	92.4
	88.4
	89.6
	90.9
	103.8

	1880s
	100.0
	100.0
	100.0
	100.0
	100.0



Sources and notes: Agriculture: Table A1.1. Industry: Table A1.6. Services: Table A1.8. Weights for 1880s GDP: Table 6.




TABLE A1.11: Nominal and real GDP in Russia, 1690s-1880s (1880s=100)

	
	(1800s=100)
	(1800s=100)
	(1800s=1000)
	(m roubles)

	
	Real GDP
	Price index
	Nominal GDP
	Nominal GDP 

	1690s
	11.6
	19.4
	2.2
	152

	1700s
	12.7
	19.4
	2.5
	167

	1710s
	14.0
	23.7
	3.3
	224

	1720s
	18.7
	28.9
	5.4
	365

	1730s
	17.9
	30.8
	5.5
	374

	1740s
	22.2
	31.5
	7.0
	473

	1750s
	22.3
	36.1
	8.0
	543

	1760s
	29.1
	37.2
	10.8
	732

	1770s
	32.5
	41.3
	13.4
	908

	1780s
	29.7
	52.3
	15.6
	1,052

	1790s
	34.9
	59.9
	20.9
	1,412

	1800s
	38.5
	71.7
	27.6
	1,868

	1810s
	42.7
	65.8
	28.1
	1,902

	1820s
	48.8
	59.3
	28.9
	1,954

	1830s
	55.5
	65.4
	36.3
	2,454

	1840s
	65.6
	68.0
	44.6
	3,016

	1850s
	68.5
	78.0
	53.4
	3,613

	1860s
	72.6
	84.8
	61.6
	4,164

	1870s
	90.9
	94.2
	85.7
	5,790

	1880s
	100.0
	100.0
	100.0
	6,760



Sources and notes: Real GDP: Table A1.10. Price index: Mironov (2012: 310). Nominal GDP is obtained in index number form by reflating real GDP with the price index, and in million roubles by setting the level for the 1880s on Gregory’s (1982: 73) benchmark in Table 6.










APPENDIX 2: DATA SOURCES AND METHODS
1. POPULATION
Here we provide further information on the population data in Table 1 and Appendix Table A1.1. The data for benchmark years are taken from Mironov (2000: 4) and Kahan (1985: 8) and are based on tax censuses (revizii) from 1719 onwards, a more systematic version of the household counts for earlier years (Kahan, 1989: 201). Both Mironov and Kahan derived data from work by Kabuzan (1963), Vodarskii (1973; 1977), Keppen (1857) and other statisticians, whose methods are described below. 

The standard approach for estimating the population during the period before the abolition of serfdom begins with the revisii, the main purposes of which were to identify people who should pay direct tax, the so-called poll tax, and also to provide personnel for the army (Kumo, 2019: 67). It is important to stress that non-Russian nationals were included in the censuses, because they also paid poll tax (Kabuzan, 2000; Bushuev et al, 2021). Only males were included in the first two censuses, so that the recorded number of individuals has to be multiplied by a factor of two to arrive at the total population (Kahan, 1985: 7). Although there were more women than men in the north, this was offset by more men than women in the south, so that multiplying the male population by two gives an accurate estimate of the Russian population as a whole (Keppen. 1857: 5-6).

Any census that targets people liable for taxes creates incentives for avoidance and may therefore be expected to result in an understatement of the population. In the case of Russia, however, the level of error in the population estimates is quite low for several reasons. First, although the revisii required the counting of only actual residents of a settlement, so-called ‘nalichnye ludi’, in reality everyone who was registered in the village but was temporarily absent was also recorded, since taxes from those who were temporarily absent were always levied on the whole commune (Rashin, 1956). Thus, the nature of the source and the peculiarities of the Russian tax system minimized the under-counting of the overall population which we are interested in, although revisii definitely will not provide accurate information on the regional population. Moreover, a new revisia usually contained information from the previous revisii, so that the nature of the document allowed the tracking of every tax payer’s household at the individual level because the new and previous registration numbers of a household were provided.

Second, revisii contain information about non-taxpayers, such as merchants, who were exempted from paying the poll tax in the 1760s. In the first two censuses they were included, but after the exemption they were not excluded due to inertia. Also, revisii included clergy, and so called raznotchintsy or travelers (Kabuzan, 2000). 

Third, the data which scholars use for each revisia have already been corrected by officials of the Census Commission of Senate [Reviskya ekspeditia of Senat] and the Budget Commission [Ekspeditia gosudarstvennykh schetov]. These two state bodies were working constantly on collecting and verifying data, mostly trying to find so called ‘propisnye dushi’, those who were not registered on time. Thus, from their work we know that in the second revisia 1.5 percent of the population was not registered on time, but later they were included into the census, while in the third revisia 6.4 percent of the population was missing at the moment of the official end of the revisia, but these people were also included later, and so on. Scholars estimating the population have already incorporated these adjustments.

Although everyone accepts the fact that there could be mistakes in the revisii, there were in Russia at that time other sources of information for population data which were used by scholars to verify the data at different points of time. First, the registration of the orthodox population was organized starting from the 1720s via so called metric books (metricheskie knigi). In each parish there were three annual metric books for births, deaths, and marriages. At the end of the year the data were sent to district and provincial authorities, both church and civic. Second, police registration of the population was organized in the eighteenth century, first only in the main Russian cities, but starting from the 1810s for the whole Russian population. This is the main source for counting the population of the nobility. Third, the registration of the non-Orthodox population was organized on a regular basis only in the second quarter of the nineteenth century. For Catholics, parish registers were introduced in 1826, for Muslims, they were launched in 1828-1832, for Lutherans in 1832, for Jews in 1835, and for the Muslim population of Transcaucasia only in 1872 (Kabuzan, 1992). However, local authorities already made some estimates of the non-Orthodox population before the regular counts, and these estimates were included in the classic books by Kabuzan (1963) and Vodarskii (1973; 1977), from which they were taken by Mironov (2000) and Kahan (1985; 1989). It should be noted that the dominant religion in the eighteenth century was Russian orthodox and although its share was decreasing over time, this occurred as the imperial population registers were becoming better (Kabuzan, 2000).

A prominent statistician  at the time of the first Russian population census of 1897 summed up the accuracy of the revizii-based estimates thus “The first census of the population of Russia, which was so eagerly awaited by everyone, must have disappointed very, very many representatives of not only educated society, but also scholars: the opinion that the census will reveal the complete inconsistency of the previous data of Russian demography is definitely not justified by the results of the now published preliminary calculations of local commissions, at least in relation to the total population of our fatherland” (Mikhailovsky, 1897).

Table A2.1.1 sets out the estimates of Mironov (2000). After 1646, the population grew substantially within the borders of 1646, but faster in the regions of new settlement, so that growth was faster within the whole Empire than within the borders of 1646. Population density per km2 also increased everywhere, in regions of old and new settlement (Mironov, 2000: 19).  

TABLE A2.1.1: Mironov’s population estimates and density, 1646-1914

	
	Total population
	
	Population density per km2

	
	Within whole Empire
	Within borders of 1646
	
	Within
 whole Empire
	Within borders of 1646

	1646
	7.0
	7.0
	
	0.5
	0.5

	1678
	11.2
	9.6
	
	0.8
	0.7

	1719
	15.6
	13.6
	
	1.1
	1.0

	1762
	23.2
	18.1
	
	1.6
	1.3

	1796
	37.4
	23.8
	
	2.3
	1.7

	1815
	46.3
	28.6
	
	2.7
	2.3

	1858
	74.5
	40.8
	
	4.1
	2.9

	1897
	128.9
	52.0
	
	5.9
	3.7

	1914
	178.4
	73.0
	
	8.2
	5.2


Source: Mironov (2000: 4).

One reason for the rapid population growth of Russia was therefore the spread of its territory with imperial expansion. Population growth within Russia’s 1646 borders was 0.77 per cent per annum, compared with 1.12 per cent in the Empire as a whole. The differential was greatest during the period 1762-1796,  when population growth within the whole Empire was 1.40 per cent per annum, compared with 0.81 per cent within the borders of 1646. This is the period when the gains of GDP per capita during the first half of the eighteenth century disappeared, as agricultural output failed to keep up with the population expansion. One possible interpretation of this would be that although the imperial expansion brought in good quality land, it proved difficult to integrate within the Empire before the market integration made possible by the railways (Baykov, 1954; Metzer, 1974).

Table A2.1.2 provides Kahan’s (1985: 8) estimates, which set out the male population and the male civil population during the eighteenth century, as well as deriving the total population by multiplying the male population by two. Where there is an overlap of years, the total population is the same as provided by Mironov (2000: 4), which is reassuring.

TABLE A2.1.2: Kahan’s estimates of population, 1719-1795 (millions)

	
	Male population
	Male civil population
	Total population M+F

	1719
	7.79
	7.57
	15.58

	1744
	9.11
	8.93
	18.22

	1762
	11.58
	10.94
	23.16

	1782
	14.21
	13.69
	28.42

	1795
	18.62
	18.17
	37.24


Source: Kahan (1985: 8).

Kahan (1985: 31-37) includes a survey of the evidence on vital rates during the eighteenth century, but this is too scattered to provide convincing evidence of stock-flow consistency, even when combined with information on migration and colonisation (Kahan, 1985: 15-22). The study by Krafft (1798) is confined to births, marriages and deaths in St Petersburg between 1764 and 1796, while Hermann (1832) deals only with the population changes of the Russian Orthodox faith in 34 bishoprics between 1798 and 1805. Much clearly remains to be done on building up a consistent picture of Russian demographic history during the eighteenth century.

Kumo (2019: 83-84) provides annual data on the crude birth rate and the crude death rate for Imperial Russia from 1867 to 1915, but this is too late to cast much light on population trends in the period under consideration here. The crude birth rate was substantially higher than the crude death rate from the 1860s to the 1880s, consistent with rapid population growth, but there is no sign of the demographic transition beginning before the twentieth century.

For most output series, we have data referring to the whole Russian Empire and therefore need population data for the whole Empire to estimate output per capita. For nineteenth century agriculture, however, we have data for 50 provinces of European Russia, excluding Finland, Poland, the Caucasus, Central Asia and Siberia, and hence require population for this smaller territory. The two series are shown in index number form in Table A2.1.3. Unsurprisingly, population growth was slower in European Russia.

TABLE A2.1.3: Population in the Russian Empire and European Russia, 1800s-1880s (1880s=100)

	
	Russian Empire
	European Russia

	1800s
	38.0
	52.7

	1810s
	43.1
	56.4

	1820s
	50.8
	59.7

	1830s
	58.0
	63.1

	1840s
	63.5
	66.9

	1850s
	69.3
	72.7

	1860s
	75.0
	81.1

	1870s
	87.6
	90.4

	1880s
	100.0
	100.0


Sources: Russian Empire: Statisticheskiy yezhegodnik (1916). European Russia: Rashin, (1956: Tables 8-10, 20).

2. AGRICULTURE
The agricultural output series in Figure 2 of the text is derived using different methods in the eighteenth and nineteenth centuries. For the eighteenth century, we obtain arable output by combining the plowland data from Table 3A with the grain yield data in Table 4A, while for the nineteenth century output is derived directly from harvest data. Here we discuss the sources and methods for these series in more depth and consider the sensitivity of our results to key assumptions. 

2.1 Eighteenth century agricultural output
2.1.1 Plowland and sown area
Table 2A in the text provides Kahan’s (1985: 46) breakdown of land use in Russia, which is derived from the work of Tsvetkov (1957). Tsvetkov was particularly interested in changes in the extent of forest cover but in order to obtain credible estimates of this, he set out to derive an accurate picture of other types of land use, including plowland and meadows. His starting point was the General Survey (General’noe mezhevanie), which was conducted by well-trained officials between 1766 and 1843.

The plowland area in Table 2A needs to be adjusted to yield the sown area, since some land was left fallow each year. We would argue that the three-field system was dominant throughout the eighteenth and nineteenth centuries, so that one-third of the plowland was left fallow each year. In the period before the 1770s, European Russia was mainly cultivated using the three-field system (Milov, 2001; Priklonskii, 1774), but for the late eighteenth and early nineteenth centuries, Ostrovskiy (2013) argues that with the expansion of the Empire incorporating a large amount of fertile land in the south, the three-field system accounted for a smaller share of the cultivated area. However, Ostrovskiy’s conclusion is based on a mistaken classification system, where land was classified as three-field only if it also used fertilisation, thus mis-classifying 15.7 million dessyatin of arable land using the three-field system without fertilisation as operating a transition system.[footnoteRef:1] [1:  For example, Ostrovskiy claims that Ryazan and Voronezh did not operate a three-field system, but Materialy (1862: 177, 193) shows that they did operate a three-field system but without fertilisers, pointing out that this was an old, established, three-field system in both provinces.] 


TABLE A2.2.1: Sown area in Russia, 1696-1861 

	
	Plowland (1000 ha)
	Sown area (1000 ha)
	Population expanding area (m)
	Sown area p.c. (ha)
	Sown area p.c. (1800s=100)

	1690s
	31,976
	21,317
	13.218
	1.61
	120.5

	1700s
	34,976
	23,318
	14.360
	1.62
	121.3

	1710s
	38,258
	25,505
	15.600
	1.63
	122.1

	1720s
	41,848
	27,899
	16.423
	1.70
	126.9

	1730s
	44,574
	29,716
	17.288
	1.72
	128.4

	1740s
	47,478
	31,652
	18.200
	1.74
	129.9

	1750s
	50,571
	33,714
	20.548
	1.64
	122.6

	1760s
	53,865
	35,910
	23.200
	1.55
	115.6

	1770s
	61,803
	41,202
	25.669
	1.61
	119.9

	1780s
	70,910
	47,273
	28.400
	1.66
	124.4

	1790s
	81,359
	54,239
	37.400
	1.45
	108.3

	1800s
	83,552
	55,701
	41.613
	1.34
	100.0


Sources and notes: Plowland from Kahan (1985: 46). Sown area = 2/3rds of plowland. Population from Mironov (2000: 4) and Kahan (1985: 8).

Given the dominance of the three-field system, the upper bound of the sown area was therefore two-thirds of the plowland, and this is the area that we have used in our preferred calculation of agricultural output. However, as can be seen in Table A2.2.1, this results in a decline in the sown area per head of the population by about 20 per cent, concentrated in the last two decades of the eighteenth century. This may seem surprising given the relative abundance of land in the expanding Empire at this time. 

We therefore also estimate in Figure A2.2.1 agricultural output under the assumption of constant sown area per capita, which is broadly consistent with the data for the period from the 1690s to the 1780s. Making plowland move in line with population does make agricultural output per capita around 20 per cent lower in the 1690s-1710s than in the 1800s, rather than at approximately the same level as in our current preferred estimates. Since agriculture accounts for slightly more than half of GDP, this makes GDP per capita lower by around 10 per cent in the 1690s compared with the 1800s, again rather than at roughly the same level as in our preferred estimates. However, note that it does not remove the effect of the falling grain yields from the 1770s, which is the main cause of the decline in agricultural output per capita and GDP per capita from the 1770s.

FIGURE A2.2.1: Agricultural output per capita with constant plowland per capita (1800s=100)

 
Sources and notes: Agricultural output per capita (old): Table A1.1. Agricultural output per capita (new): plowland assumed to grow in line with population.

It is tempting to adjust the plowland area for quality as the Empire expanded, bringing in high-quality blacksoil regions. However, this would not be appropriate, since the grain yields used to multiply the plowland to obtain output already incorporate the effects of soil quality, as will be shown in the next section. It is nevertheless interesting to use modern soil suitability data from the Food and Agriculture Organization (FAO) to “back-cast” the average soil quality in the Russian Empire as it evolved, taking into account the incorporation of the new, high-quality soil areas. In the FAO dataset, where soil quality is indexed on a scale from 0 to 10,000, we find in Table A2.2.2 that the average soil quality across regions for low rye, the main crop within the Russian Empire, increased from 5,575 in the 1690s to 5,758 in the1880s, a gain of just 3.3 per cent. This small trend increase in soil quality is consistent with our findings on grain yields over the long run in Table 3 of the main text. However, it is also noticeable that the increase in soil quality was concentrated in the late eighteenth century when grain yields turned down, suggesting that other factors, such as climate, were more important determinants of grain yields in the short run.

TABLE A2.2.2: Average soil quality for low rye within the expanding territory of the Russian Empire, 1690s to 1880s

	Years
	Soil quality index
	Years
	Soil quality index

	1690s
	5,575
	1790s
	5,761

	1700s
	5,575
	1800s
	5,761

	1710s
	5,608
	1810s
	5,733

	1720s
	5,584
	1820s
	5,733

	1730s
	5,584
	1830s
	5,733

	1740s
	5,584
	1840s
	5,733

	1750s
	5,584
	1850s
	5,758

	1760s
	5,652
	1860s
	5,758

	1770s
	5,667
	1870s
	5,758

	1780s
	5,694
	1880s
	5,758



Source: Derived from Food and Agriculture Organization (FAO) and International Institute for Applied Systems Analysis (IIASA) (2021). 

2.1.2 Eighteenth century grain yields
An important issue in obtaining grain yields for the eighteenth century is the absence of a consistent measure of weights and measures for different crops. For this reason, Indova (1970) followed the traditional way of measuring yields via the ratio of harvested to sown seeds. We have corroborated Indova’s estimates by going through her sources and extracting the data from all the published works and also from archival sources where we could obtain access to Russian archives. This included sources in the Russian State Archive of Ancient Acts (RGADA), including official statistics such as governors’ reports, topographic description, Requests to the Statutory Commission (Nakazy na Ulozhennaya komissiya), and Economic Comments to the General Survey (ekonomicheskie primechaniya k generalnomy mezhevaniyu). Indova’s data were taken primarily from appanage and private estates. We are able to confirm that the grain yield averages reported by Indova (1970) and included in Kahan (1985) are an accurate summary of the underlying data and representative of national and regional trends. 

The grain yields presented in Table 3A of the text are taken from Kahan (1985: 49), based on the estimates of Indova (1970: 146-151). As noted in the text, it is important to check that these estimates include a wide coverage of geographical areas, particularly given the importance of Russia’s expansion into the blacksoil region. This is done using the data underlying Indova (1970), as described in the previous paragraph. Table A2.2.3 provides grain yields for rye and wheat in the central region, distinguishing between the blacksoil and non-blacksoil zones, and also in the Volga region. The yields are generally higher in the central blacksoil region, as expected.

TABLE A2.2.3: Grain yields per seed by major regions, 1710s to 1790s

	
	
	Rye
	
	
	
	Wheat
	

	
	Central non-blacksoil
	Central blacksoil
	Volga
	
	Central non-blacksoil
	Central blacksoil
	Volga

	1710s
	2.75
	4.00
	3.00
	
	3.25
	4.55
	--

	1720s
	3.20
	4.35
	3.27
	
	4.90
	4.10
	3.00

	1730s
	3.52
	3.23
	3.70
	
	3.00
	5.50
	3.75

	1740s
	3.85
	4.72
	5.10
	
	3.58
	4.36
	--

	1750s
	3.20
	4.60
	4.00
	
	4.00
	--
	3.60

	1760s
	3.06
	6.84
	4.40
	
	3.40
	5.05
	3.25

	1770s
	3.67
	4.80
	4.80
	
	3.67
	5.70
	4.88

	1780s
	3.03
	3.58
	3.50
	
	2.54
	4.00
	3.32

	1790s
	3.05
	3.20
	3.08
	
	3.03
	3.00
	3.13


Sources and notes: Derived from the data underlying Indova (1970).

We have used the average grain yield series, constructed using gross output weights for the 1790s from Kahan (1985: 57). Figure A2.2.2 shows that this was very highly correlated with the yield of rye, the most widely used grain.



FIGURE A2.2.2: Grain yields, 1710s to 1790s (output per seed)

Sources and notes: Grain yields from Kahan (1985: 49). Weighted average of rye, wheat, oats and barley yields derived using gross output weights for the 1790s from Kahan (1985: 57).

TABLE A2.2.4: Rye yields by decade (yield per seed)

	
	Indova data
	
	Monastery data

	
	Rye yield
	Observations per decade
	
	Rye yield
	Observations per decade

	1710s
	2.95
	13
	
	2.98
	33

	1720s
	3.74
	14
	
	3.62
	29

	1730
	3.20
	21
	
	3.17
	67

	1740s
	4.42
	23
	
	4.34
	48

	1750s
	3.87
	19
	
	3.72
	35

	1760s
	4.47
	22
	
	4.51
	34

	1770s
	4.23
	29
	
	--
	--

	1780s
	3.17
	23
	
	3.16
	68

	1790s
	3.13
	27
	
	3.14
	59


Sources: Derived from data underlying Indova (1970); 
1700s: Central State Archive of Moscow (TsGA Moskvy), f. 421, op 1, d. 236, 125, 143, 194, 255, 229
1710s: TsGA Moskvy, f. 421, op. 1, d. 309, 310, 311, 336, 409, 472, 501, 580, 668
1720s: 	TsGA Moskvy, f. 421, op. 1, d. 827, 889, 1051, 1113, 1114, 1171, 1338, 1341
1730s:	TsGA Moskvy, f. 421, op. 1, d. №2194, 2195, 2378, 2379, 2380, 2385, 2798, 2499, 2500, 2502, 1439, 1636, 1640, 1731, 1734, 1843, 1845, 2070, 2169, 2194, 2195
1740s:	TsGA Moskvy, f. 421, op. 1, d. 2571, 2740, 2743, 2860, 2958, 3061, 3062, 3063.
1750s:	TsGA Moskvy, f. 421, op. 1, d. 3726, 3825, 3827, 4430, RGADA, f. 1263, op. 1, d. 6225
1760s	TsGA Moskvy, f. 421, op. 1, d. 4709, 5610, 4547, 4498, 4430. 4497
1780s	Rubinshtein, 1957.
1790s	Rubinshtein, 1957; RGADA, f. 1263, op. 1, d. 5960, RGADA, f. 846, op. 3, d. 59132, RGADA, f. 1289, op. 3, d. 59213, RGADA, f. 1239, op. 3, d. 58964, 59239; op. 1. Д. 5134, RGADA, f. 1239. op 3, d. 5920.

It is possible to make a further check on the representativeness of Indova’s (1970) data, which lacked grain yield estimates from monasteries. For the period from the 1710s to the 1760s, we used data from Donskoy monastery, a major monastery in Moscow, founded in 1591, which held lands in different parts of Russia. Although the preservation of the sources did not allow us to obtain systematic information on all regions of Russia, we were able to obtain representative information on the central non-black soil region, which was the dominant type of land at that time. For the 1780s and 1790s, we also obtained further data from Rubinshtein, checking with the original archival sources. In Table A2.2.4, the difference between the average rye yields from Indova’s dataset and the Donskoy monastery lands or Rubinshtein’s data, was less than 1 per cent during half of the decades between the 1710s and 1790s and always less than 4 per cent.

2.1.3 Weather conditions
FIGURE A2.2.3: Rye yields and European annual average temperature, 1710s-1790s


Sources and notes: Mean grain yield is output per seed from Kahan (1985: 49). European annual mean temperature in degrees centigrade is derived from Luterbacher et al. (2004).

Kahan (1985: 46-47) considers the effect of weather conditions on grain yields in an informal way. In Figure A2.2.3, we assess the impact of average temperature on rye yields in Russia using data from Luterbacher et al. (2004). The average annual temperature is derived from monthly observations and for comparability with the grain yield data is averaged across decades. The correlation between the mean grain yields and mean temperature is +0.48, which is suggestive of a role for the weather in agricultural productivity. This would be consistent with the work of Waldinger (2022: 2293), who finds a strong and statistically significant positive relationship between mean grain yields and mean temperature in a sample of 12 cities in 4 European countries over the period covering the Little Ice Age, 1500-1850. However, the correlation in Figure A2.2.3 is based on very few observations, so more research is needed to pin down the causes of variation in grain yields.

2.2 Nineteenth century agricultural output
2.2.1 Nineteenth century grain yields
The agricultural output data for the nineteenth century are based directly on data of the Russian grain harvest from a range of sources listed below Figure A2.2.4. However, data are not available for all years and there is a long gap during the 1810s and 1820s. Hence it is reassuring that the trends in the cultivated area and grain yields in Tables 2 and 3 are broadly consistent with the trend in output. They are also consistent with the recent work of Rastyannikov and Deryugina (2009).

FIGURE A2.2.4: Annual data of all harvested grains (chetvert’)



Sources: Zverinskiy (1884), Bezobrazov (1872), Urozhay (1885), Livron (1874), Nifontov (1974), Pokrovskii (1902). Zhurnal MVD (1831 part IV: 66-67), Obozrenie (1831: 22), 
Zemledelcheskaya gazeta (1840: 760), Zhurnal MVD (1835 part 8: 245), Zurnal MVD (1842: 6), (1837 part 9: 6), (1838 part 12: 356), (1839 part 5: 146), (1841 part 6: 344). 

2.2.2 New crops in agriculture
Potatoes were not cultivated on any scale in Russia before the mid-nineteenth century. Zemledelcheskay gazeta (Agricultural newspaper), an important source of information on new agricultural techniques and the attitudes of local landowners, indicates that potato cultivation was regarded as experimental in most parts of Russia during the 1830s and 1840s. By the 1840s, when systematic data on potato cultivation first became available, potatoes only accounted for a significant share of all crops in the Siberian province of Irkutsk (10 per cent) and the Baltic province of Liflyandiya (20 per cent).[footnoteRef:2] By 1881, just 2.2 per cent of all plowlands were occupied by potatoes (Yatsunskii, 1964: 47). [2:  Zhurnal MVD ( 1840: 405). A short history of the introduction of the potato is provided in Zemledelcheskaya gazeta, 1848 N. 18 (https://vivaldi.nlr.ru/ap000000079/view/?#page=151).] 


Other new crops, such as maize and sugar beet, also accounted for only a small share of output before the abolition of serfdom. Hoch (2015: 123) sums up the situation thus: “Rye, a winter crop, was the peasants’ main foodstuff and must have occupied most, if not all, of the winter field. Oats and millet, the predominant spring cereals, could serve as both food and feed. Buckwheat, consumed as porridge, in all likelihood occupied as much as one quarter of the spring field during the 1850s. This, however, remains uncertain. Peas and potatoes, which were raised in very small quantities on estate plowlands by mid-century, if cultivated by the serfs, were confined to the kitchen garden along with vegetables and possibly flax. Wheat, as is well known, was not a significant item in the diet of the nineteenth-century Russian peasant”. 

2.2.3 Territorial expansion and agricultural production
The full incorporation of newly annexed territories was a very slow process. A long period elapsed between the official incorporation of a territory into the Russian Empire, as mapped in Figure 1 of the text, and its effective incorporation as an integrated part of the Russian economy. This helps to understand why the acquisition of fertile land in the south did not have an immediate positive effect on Russia’s agricultural productivity and GDP per capita performance. This situation can be illustrated with examples from different regions. 

In the Don Region (Voiskoe Donskoe), centered on Novocherkassk, the process of incorporation began in the eighteenth century, and the proper border was defined in 1786. However, the actual economic integration was carried out mainly in the second half of the nineteenth century (Lyubavsky, 1996: 326). The Kuban Region, on the Black Sea between the Don Steppe, the Volga Delta and the Caucasus, became part of Russia unofficially in the second half of the eighteenth century, but was ceded to Russia officially by the Ottoman Empire only in the first half of the nineteenth century. Russian colonization happened in several waves from the 1790s to the 1860s, but although the region was highly suitable for agriculture, agricultural colonization began only on the 1870s as laborers from the central provinces moved to the region (Lyubavsky, 1996: chapter XVIII). 

In Central Asia, the five clans of the Great Horde took an oath of allegiance to Russia in 1846, the Kokand Khanate was abolished in 1876 and the Kyrgyz Steppe and West Turkestan were incorporated into Russia in 1895 (Lyubavsky, 1996). Russian rule was initially maintained through the presence of large numbers of military personnel, but policies were developed to encourage peasants from Central Russia to settle and also to turn nomads into settled residents. Free land was distributed for arable farming to both settlers from Central Russia and to locals who converted to Christianity (Deryugina, 2020). Note that the shift from nomadic cattle-breeding to arable farming would have offset any effect from the boost to the relative size of the livestock sector in Russian agriculture as a whole from the incorporation of Central Asia into the Russian Empire.

Further light is shed on the stagnation of GDP per capita before the late nineteenth century by the fact that the adaptation of agricultural techniques required time. There were a number of elements to this. First, there were difficulties of grain storage in the different climatic conditions of the south. This was discussed in Kursk and Orel, where the solution was to store grain in underground grain pits (khlebnye yamy) (Zemledelcheskay gazeta, 1848: 86-88). Second, different regions sometimes required very different approaches to plowing. For example, in Kursk it was possible to plow deeply, but in Kaluga the fertile layer was much thinner so that it was easy to plow too deeply (Zemledelcheskay gazeta, 1848: 161). Third, contemporary historians such as Nomikosov (1884: 214) noted that although the soil in the south might be well-suited to agricultural production, the climate was not so favorable, so that although yields could be high in good weather, they could also be low in bad weather. Fourth, there were infrastructure problems which took time to resolve. It was necessary to maintain navigable rivers in the new regions for grain transportation, and although this happened from the 1840s, the ultimate solution to the infrastructure problem required the building of railroads (Zemledelcheskay gazeta, 1848: 306; Baykov, 1954; Metzer, 1974).

There is a strand of literature which attributes poor agricultural performance in Russia before 1861 to serfdom (Gerschenkron, 1965; Koval’chenko, 1967). Could it perhaps be that the decline in agricultural productivity during the late eighteenth century and its continued stagnation during the first half of the nineteenth century was due to serfdom becoming more coercive? In fact, there are good reasons to be skeptical here, with another strand of the literature portraying serfdom as a dynamic institution capable of sustaining economic development (Dennison, 2011; Mironov, 2012). First, an increase in the degree of coercion would be likely to increase the labor input which, if anything, should result in more output per person in a labor intensive sector of the economy. Second, this was a period of imperial expansion, and state policy was not to introduce serfdom in areas where it had not previously existed, so that the share of the serf population decreased in the Empire as a whole. However, there is no consensus on this issue, so that more research is called for. 

3. INDUSTRY
3.1 Net output weights
[bookmark: _Hlk98939316]In this section we provide more detail on the calculation of net output weights for large-scale industry in Table 4 of the text. This involves the estimation of gross output and net output for a sample of industries from RGIA (Russian State Historical Archive - St Petersburg) F. 16. Op. 1. D. 3 for circa 1805, Semenov (1859), Tengoborgskii (1855) and Istoriko-Statisticheskiy obzor (1886) for around 1848 and Svod (1889) for 1887. The Ministry of Internal Affairs collected detailed information relating to Russian manufactories, including output volumes and unit prices which can be multiplied together to yield gross output. The value of net output is derived using the ratio of net to gross output in individual industries from the 1908 Production Census (Ministerstvo torgovli i promyshlennosti, 1912). These ratios tend to be quite stable over time and across countries during the nineteenth century.

3.1.1 Large-scale industry, c. 1805
The data for circa 1805 are set out in Table A2.3.1. Data were collected on 249 manufactories operating during the period 1803-1805, taken from reports compiled by the owners or their stewards. For some industries, grouped together in “other industries”, product heterogeneity prevented the provision of meaningful summary data on volumes and unit prices.



TABLE A2.3.1: Large-scale industry, circa 1805
A. Metal industries
	
	


Units
	


Production
	


Unit price
	Gross output (000 roubles)
	Net output 
(000 roubles)
	Net output weights (%)

	Silver
	pood
	1,605
	905.47
	1,453
	683
	8.2

	Gold
	pood
	38
	13,632.00
	518
	244
	2.9

	Copper
	pood
	186,300
	17.65
	3,288
	1,545
	18.5

	Pig iron
	pood
	9,108,000
	0.81
	7,377
	3,246
	38.8

	Bar iron
	pood
	5,000,000
	1.20
	6,000
	2,640
	31.6

	Sum
	
	
	
	18,636
	8,358
	100.0

	Total
	
	
	
	29,503
	13,231
	


B. Food processing
	Salt
	pood
	23,500,000
	0.11
	2,585
	1,241
	5.5

	Alcohol
	vedro
	26,380,451
	1.32
	34,822
	21,241
	94.5

	Sum
	
	
	
	37,407
	22,482
	100.0

	Total
	
	
	
	40,432
	24,300
	


C. Textiles
	Wool
	arshin
	2,893,965
	1.25
	3,605
	1,262
	39.7

	Linen
	arshin
	15,463,000
	0.31
	4,784
	1,914
	60.3

	Sum
	
	
	
	8,390
	3,176
	100.0

	Total
	
	
	
	15,778
	5,973
	


D. Other industries
	Glass and pottery
	
	
	25,554
	15,588
	76.9

	Chemicals
	
	
	7,995
	3,758
	18.5

	Paper
	
	
	746
	336
	1.7

	Miscellaneous
	
	
	1,296
	583
	2.9

	Total
	
	
	35,591
	20,265
	100.0


E. Total large-scale industrial production
	Metals
	
	
	29,503
	13,231
	20.7

	Food
	
	
	40,432
	24,300
	38.1

	Textiles
	
	
	15,778
	5,973
	9.4

	Other
	
	
	35,591
	20,265
	31.8

	Total
	
	
	121,304
	63,769
	100.0


Source: Derived from RGIA (Russian State Historical Archive - St Petersburg) F. 16. Op. 1. D. 3.

3.1.2 Large-scale industry, c. 1848
The data for circa 1848 are set out in Table A2.3.2. Data were collected from secondary sources Semenov (1859), Tengoborgskii (1855) and Istoriko-Statisticheskiy obzor (1886), based on expert evaluations of productivity made by economists of the time. We collected data for 61 individual industries, which were aggregated into larger units. For some industries, product heterogeneity prevented the provision of meaningful summary data on volumes and unit prices.



TABLE A2.3.2: Large-scale industry, circa 1848
A. Metal industries
	
	


Units
	


Production
	


Unit price
	Gross output (000 roubles)
	Net output 
(000 roubles)
	Net output weights (%)

	Silver
	pood
	1,135
	790.12
	897
	421
	1.8

	Gold
	pood
	1,731
	12,500.00
	21,637
	10,170
	43.2

	Copper
	pood
	297,524
	9.00
	2,678
	1,259
	5.3

	Pig iron
	pood
	12,080,273
	0.60
	7,248
	3,189
	13.6

	Bar iron
	pood
	8,397,644
	0.85
	7,138
	3,141
	13.3

	Metalworking
	pood
	8,912,000
	1.37
	12,171
	5,355
	22.8

	Sum
	
	
	
	51,769
	23,535
	100.0

	Total
	
	
	
	55,378
	25,175
	


B. Food processing
	Salt
	pood
	28,000,000
	0.15
	4,200
	2,016
	5.7

	Alcohol
	vedro
	17,404,165
	3.00
	52,212
	31,850
	90.5

	Sugar
	pood
	796,500
	5.50
	4,381
	1,314
	3.8

	Sum
	
	
	
	60,793
	35,180
	100.0

	Total
	
	
	
	74,135
	42,900
	


C. Textiles
	Wool cloth
	arshin
	18,976,554
	0.96
	18,171
	6,360
	30.7

	Wool goods
	
	
	
	14,923
	5,223
	25.2

	Linen
	arshin
	13,501,189
	0.21
	2,781
	1,112
	5.4

	Cotton
	pood
	1,124,745
	25.47
	28,648
	8,022
	38.7

	Sum
	
	
	
	64,523
	20,717
	100.0

	Total
	
	
	
	94,888
	30,466
	


D. Other industries
	Glass and pottery
	
	
	3,701
	2,257
	12.6

	Chemicals
	
	
	21,696
	10,197
	57.0

	Paper
	
	
	3,533
	1,590
	8.9

	Miscellaneous
	
	
	8,778
	3,851
	21.5

	Total
	
	
	37,708
	17,895
	100.0


E. Total large-scale industrial production
	Metals
	
	
	55,378
	25,175
	21.6

	Food
	
	
	74,135
	42,900
	36.8

	Textiles
	
	
	94,888
	30,466
	26.2

	Other
	
	
	37,708
	17,895
	15.4

	Total
	
	
	262,109
	116,438
	100.0


Sources: Derived from Semenov (1859), Tengoborgskii (1855) and Istoriko-Statisticheskiy obzor (1886).

3.1.3 Large-scale industry, 1887
The data for 1887 are set out in Table A2.3.3, derived from Svod (1889). We collected data for 96 individual industries and then aggregated them into larger units. For a growing number of industries, increasing product heterogeneity prevented the provision of meaningful summary data on volumes and unit prices.

TABLE A2.3.3: Large-scale industry, 1887
A. Metal industries
	
	


Units
	


Production
	


Unit price
	Gross output (000 roubles)
	Net output 
(000 roubles)
	Net output weights (%)

	Silver
	pood
	939
	1,109.95
	1,042
	490
	1.0

	Gold
	pood
	2,128
	19,483.55
	41,461
	19,487
	38.9

	Copper
	pood
	292,839
	11.52
	3,374
	1,586
	3.2

	Pig iron
	pood
	32,371,344
	0.10
	3,088
	1,359
	2.7

	Bar iron
	pood
	7,808,985
	2.47
	19,301
	8,492
	17.0

	Metalworking
	pood
	
	
	42,327
	18,624
	37.2

	Sum
	
	
	
	110,593
	50,037
	100.0

	Total
	
	
	
	151,268
	68,071
	


B. Food processing
	Salt
	pood
	70,616,163
	0.10
	7,051
	3,385
	3.2

	Alcohol
	vedro
	63,944,750
	2.13
	136,019
	82,971
	78.5

	Sugar
	pood
	12,237,435
	5.26
	64,416
	19,325
	18.3

	Sum
	
	
	
	207,486
	105,681
	100.0

	Total
	
	
	
	426,013
	216,985
	


C. Textiles
	Wool cloth & goods
	
	
	38,218
	13,376
	14.3

	Linen cloth & goods
	
	
	68,154
	27,262
	29.2

	Cotton cloth & goods
	
	
	188,466
	52,770
	56.5

	Sum
	
	
	
	294,838
	93,408
	100.0

	Total
	
	
	
	419,532
	132,913
	


D. Other industries
	Glass and pottery
	
	
	19,478
	11,882
	17.0

	Chemicals
	
	
	82,465
	38,759
	55.4

	Paper
	
	
	42,813
	19,266
	27.6

	Miscellaneous
	
	
	144,756
	69,906
	100.0

	Total
	
	
	19,478
	11,882
	17.0


E. Total large-scale industrial production
	Metals
	
	
	151,268
	68,071
	14.0

	Food
	
	
	426,013
	216,985
	44.5

	Textiles
	
	
	419,532
	132,913
	27.2

	Other
	
	
	19,478
	11,882
	14.3

	Total
	
	
	1,141,569
	487,874
	100.0


Source: Derived from Svod (1889).

3.1.4 Small-scale industry
We have assumed that output in small-scale industry grew in line with population. For the late nineteenth century, Gregory (1982: 72) followed Goldsmith (1961) in assuming that output in small-scale industry grew at two-thirds the rate of large-scale industry. With large-scale industry growing at 3.14 per cent per annum between the 1690s and 1880s, this assumption would produce a growth rate in small-scale industry of 2.09 per cent, or nearly twice the rate obtained by assuming growth in line with population. However, much of the difference is concentrated in the period between the 1690s and 1760s. 

TABLE A2.3.4: Output growth in small-scale and large-scale industry (% per annum)

	
	Large-scale industry growth rate
	Small-scale industry
growth rate

	
	
	
Assumed to grow in line with population
	Assumed to grow at 2/3rds of large-scale industry growth

	1690s-1760s
	4.25
	0.80
	2.84

	1760s-1800s
	2.25
	1.46
	1.50

	1800s-1840s
	2.83
	1.28
	1.89

	1840s-1880s
	2.39
	1.13
	1.59

	1690s-1880s
	3.14
	1.11
	2.09


Sources and notes: Large-scale industry growth rate derived from Table A1.6. Small-scale industry growth rate derived from Table A1.6 under the assumptions of (1) growth in line with population; (2) growth at two-thirds the rate of large-scale industry.

Growth rates of industrial output over sub-periods under the two assumptions are shown in Table A2.3.4, while the effects on the level of GDP per capita, including the indirect effect on services as well as the direct effect in industry, are shown in Figure A2.3.1. Between the 1740s and the 1880s, under the assumption of small-scale industry growing at two-thirds of the rate of large-scale industry, GDP per capita would have been on average around 3 per cent lower than under the assumption of small-scale industry growing in line with population. Although the effect increases to an average of 8 per cent between the 1690s and 1740s, this is driven by an implausibly high growth rate for small-scale industry of 2.84 per cent, or 2.04 per cent on a per capita basis, which would have been on a par with the growth rate of total industrial production in Britain at the peak of the Industrial Revolution. The growth of large-scale industry was very rapid in Russia during the early eighteenth century because it was starting from such a low base, and it would make little sense to apply Goldsmith’s assumption to this period in such a mechanical way.



FIGURE A2.3.1: Sensitivity of GDP per capita to assumptions about the growth of small-scale industry (1990 international dollars)


Sources and notes: GDP p.c. original: Large-scale industry growth rate derived from Table A1.6. Small-scale industry growth rate derived from Table A1.6 under the assumptions of (1) growth in line with population; (2) growth at two-thirds the rate of large-scale industry.

Further reassurance that the assumption of small-scale industry growing in line with population is a reasonable approximation of what happened is provided by considering the implicit share of large-scale industry in total industrial production. Projection back from the 1880s under this assumption yields an implicit share of 1.8 per cent in the 1690s. Since large-scale and small-scale firms faced the same prices, these implicit constant price shares are likely to give a reasonable representation of the shares at current prices. This accords with Kahan’s (1985: 124) view that although manufactories existed in Russia during the seventeenth century, they owed their origins to foreign entrepreneurship, and usually did not result in continuously functioning enterprises. Hence the process had to begin again almost from scratch in the eighteenth century. Under the assumption of small-scale industry growing at two-thirds the rate of large-scale industry, however, the implicit share of large-scale industry in the 1690s is 10.6 per cent, which would be difficult to square with  Kahan’s view and also with the need for Peter the Great’s industrial policies.

3.1.5 Aggregating large-scale and small-scale industry
We have used Gregory’s (1985: 73) weighting scheme for 1883-87 to aggregate large-scale and small-scale industry. Gregory provides indices of sector production between1883-87 and 1909-13 and net output in millions of 1913 roubles. From this in Table A2.3.5 we derive net output for 1883-87 in millions of 1913 roubles and obtain the percentage shares of large-scale and small-scale industry in 1883-87 at constant prices of 1913.

TABLE A2.3.5: Industry sector net output weights at constant prices, 1909-13 and 1883-87

	
	1909-13
	
	1883-87

	
	(m 1913 Rbs)
	
	(m 1913Rbs)
	(%)

	Industry, factory
	3,023
	
	846
	

	Utilities
	118
	
	71
	

	LARGE-SCALE INDUSTRY
	3,023
	
	917
	47.9

	Industry, handicraft
	1,311
	
	551
	

	Construction
	1,035
	
	445
	

	SMALL-SCALE INDUSTRY
	2,346
	
	996
	52.1

	TOTAL INDUSTRY
	5,369
	
	1,842
	100.0


Source: Derived from Gregory (1982: 73).

Markevich (2019) provides an alternative breakdown for 1913, shown in Table A2.3.6, which assigns a higher weight to large-scale industry. However, the difference is more apparent than real, since Gregory also provides the weights for 1913, which are much closer to Markevich’s weights. Thus we need to apply the growth rates of large-scale and small-scale industry between 1883-87 and 1913 to Markevich’s 1913 weights to convert them to 1883-87 weights. These are in fact very close to Gregory’s weights for 1883-87. Unsurprisingly, this results in an almost identical series for total industrial production using Markevich or Gregory weights in Table A2.3.6.

TABLE A2.3.5: Alternative weighting schemes for industry (%)

	
	Markevich 
1913 weights
	Markevich 1883-87 weights
	Gregory 
1883-87 weights

	Large-scale industry
	58.8
	48.7
	47.9

	Small-scale industry
	41.2
	51.2
	52.1

	Total industry
	100.0
	100.0
	100.0


Sources and notes: Gregory (1985: 73); Markevich (2019). Markevich 1883-87 weights derived from Markevich 1913 weight using the growth of large-scale and small-scale industry between the two benchmarks from Gregory (1985: 73).



TABLE A2.3.6: Total industrial production using Gregory and Markevich weights (1880s=100)

	
	Total industrial production using:

	
	Gregory 
weights
	Markevich weights

	1690s
	6.4
	6.3

	1700s
	7.1
	7.0

	1710s
	7.8
	7.7

	1720s
	8.3
	8.2

	1730s
	9.0
	8.9

	1740s
	9.7
	9.6

	1750s
	11.3
	11.2

	1760s
	13.5
	13.3

	1770s
	16.6
	16.5

	1780s
	17.9
	17.7

	1790s
	23.8
	23.7

	1800s
	25.7
	25.5

	1810s
	29.8
	29.5

	1820s
	35.9
	35.7

	1830s
	42.3
	42.0

	1840s
	51.5
	51.3

	1850s
	61.5
	61.3

	1860s
	73.4
	73.3

	1870s
	88.4
	88.4

	1880s
	100.0
	100.0


Sources and notes: Total industrial production using Gregory weights: Table A1.6. Total industrial production using Markevich weights derived using Markevich 1883-87 weights from Table A2.3.5.

3.2 Patterns of large-scale industrial production 
3.2.1 Large-scale industry: Metals
Russia’s metal industries were stimulated by the industrialization policies of Peter the Great during the first quarter of the eighteenth century, and continued to make substantial progress during the rest of the century. Under Peter I, the Russian state set up and operated manufactories to meet Russia’s military needs, involving the production of metals, armaments and even woollen cloth for military uniforms (Falkus, 1972: 21). Many of these enterprises were later sold to private entrepreneurs from 1720 and private enterprise was heavily involved in further expansion during the post-Petrine period, but the state continued to play an important role through subsidies, tax exemptions, monopolies and other concessions. Perhaps the most important role of the state throughout the eighteenth century, however, was as the main buyer of the output of these manufactories (Kahan, 1985: 80). In addition, the state also helped to solve the problem of securing a labor force for the manufactories by supplying state peasants (prepisnye krestyane) and drafting criminals and the homeless (Mavor, 1965: 124-127).

Russia was a leading producer and exporter of both ferrous and non-ferrous metals during the eighteenth century, producing a third of the world’s iron and exporting more than any other country, while establishing itself as Europe’s leading producer of precious metals (Blackwell, 1968: 56; Blanchard, 1989: 63). During the nineteenth century, Russia lost its position in ferrous metals, but continued to play an important role in non-ferrous metals. Appendix Table A1.2 sets out the data for the metal industries, while Figures 3 and 4 plot the series for non-ferrous and ferrous metals, respectively. 

Non-ferrous metals
FIGURE A2.3.1: Large-scale industrial production in Russia: Non-ferrous metals, 1690s-1880s (1880s=100)

Source: Appendix Table A1.2.

The government was heavily involved with the non-ferrous metal industries because of its demand for silver and copper for coinage. Output of the key non-ferrous metal industries is shown in Figure A2.3.1 while the decadal data are provided together with brief notes and sources in Appendix Table A1.2. The production of silver experienced a temporary boom under Peter the Great, as well as a more sustained period of growth from the 1730s to the 1770s. Gold was produced largely as a by-product of silver production and therefore followed a similar pattern of growth, although data on the output of gold during the first half of the century are available only as a total over the period 1704-47 so that the Peter the Great boom does not register. Over the century as a whole, silver and gold production grew at an annual rate of around 7 per cent, while copper production grew at 3.5 per cent per annum. Because of copper’s use in coinage and armaments, the state pursued a policy of import substitution during the eighteenth century, leading towards autarky. 

During the nineteenth century, gold production increased very rapidly at 8.5 per cent per annum between the 1800s and 1840s as Russia became the world’s leading gold producer and was second only to Mexico in the combined production of silver and gold (Blanchard, 1989: 63). Between the 1840s and 1880s, however, the growth rate of gold production slowed down to 1.9 per cent, in the face of competition from the newly discovered rich gold fields of California and Australia (Blackwell, 1968, 61). By contrast, silver production declined slowly at an average annual rate of -1.0 per cent across the eight decades, as gold came to dominate world specie markets (Blanchard, 1989: 61-62). Copper production increased slowly to the 1850s, then declined so that it showed no growth over the nineteenth century as a whole. 

Ferrous metals
FIGURE A2.3.2: Large-scale industrial production in Russia: Ferrous metals, 1690s-1880s (1880s=100)

Source: Appendix Table A1.2.

Iron was the most important metal industry in eighteenth-century Russia. The production of both pig iron, an intermediate product, and bar iron, the final product, are shown in Figure 4 while metalworking is also shown for the nineteenth century. The decadal data are provided together with brief notes and sources in Appendix Table A1.2. The iron industry grew faster than the copper industry during the eighteenth century at 4 to 5 per cent per annum. A key stimulus was Peter the Great’s desire to become self-sufficient in armaments production, but the industry also developed a large export trade to England during the eighteenth century as state demand proved insufficient to absorb the whole output of the new works established during Peter the Great’s reign. The most important iron-producing region was the Urals, with its high-quality ores and abundant supply of fuel and water required for heat and power. By the end of the eighteenth century, the Urals and Siberia supplied 81.8 per cent of Russia’s iron output, with European Russia accounting for the other 18.2 per cent (Strumilin 1954: 463).

Between the 1800s and the 1880s, pig iron and bar iron production grew in parallel at the relatively modest rate of 1.4 per cent per annum, with more of the growth concentrated in the period after the 1840s. The iron industry remained concentrated in the Urals, accounting for around three-quarters of production during the first half of the nineteenth century (Falkus, 1972: 40). Growth was substantially slower than in the eighteenth century as a result of strong competition from Britain and the continued reliance on serf labor (Falkus, 1972: 32, 37; Blackwell, 1968: 56-57). Metalworking is assumed to grow in line with bar iron production before the 1840s and steel production between the 1840s and the 1880s, since these were the most important inputs. This is a standard way of measuring the growth of metalworking in historical national accounting, as output is very heterogeneous in this industry, making it difficult to obtain meaningful physical indicators or unit prices (Hoffmann, 1955: 236-238; Lewis, 198: 253). It is also consistent with accounts of the emergence of Russia’s machine building enterprises out of mechanical workshops at metallurgical plants and foundries (Yatsunsky, 1974: 124). Metalworking thus grew slowly between the 1800s and the 1840s, before accelerating to an annual growth rate of 10.1 per cent between the 1840s and the 1880s, consistent with Blackwell’s (1968: 64) account of the pace of change in the machine industry. 

3.2.2 Large-scale industry: Food and drink
Output of the major large-scale food and drink industries is shown in Figure A2.3.3 while the decadal data are provided together with brief notes and sources in Appendix Table A1.3. For the eighteenth century, Kahan (1985) provides data on salt and alcohol, which were controlled by the state. The state acted as a monopsonist in salt and from the 1750s imposed a high tariff to protect domestic production. However, since the Baltic provinces were very far from the main Russian sources of production, they continued to import salt from abroad. Salt output grew at an annual rate of 1.85 per cent during the eighteenth century as a whole. The sale of alcohol was a government monopoly during the eighteenth century, and output can be derived from data on alcohol tax revenue, deflated by the unit price of alcohol per vedro, a Russian liquid measure approximately equal to 2.7 imperial gallons. Alcohol production grew faster than salt production from the 1740s, at an annual rate of 2.4 per cent per annum between the 1720s and 1800s. As a cross-check, we can also deflate alcohol tax revenue by the general price index from Mironov (2012: 310), obtaining similar results.[footnoteRef:3] It is nevertheless likely that these official estimates of alcohol production substantially understate the total including illegal domestic alcohol production, perhaps by as much as 50 per cent (Troitskii, 1966: 153, Volkov, 1979).  [3:  The growth rate of alcohol output is slightly faster at 2.8 per cent using the general price index, as the relative price of alcohol increased across the century. However, the pattern of growth is very similar, with much of the increase occurring between the 1740s and the 1770s.] 


FIGURE A2.3.3: Large-scale industrial production in Russia: Food and drink, 1690s-1880s (1880s=100)


Source: Appendix Table A1.3.

In the nineteenth century, as during the eighteenth century, the food and drink sector of large-scale industry was dominated by the staples of salt and alcohol. In addition, beet sugar emerged as an important new industry that developed behind tariff protection. Salt production grew a little more slowly than population, at an annual rate of 1.0 per cent, while alcohol grew somewhat faster than population at 2.0 per cent. The state continued to control the alcohol market, as it had done during the eighteenth century. Between 1795 and 1863, the sale of vodka was in the hands of middlemen known as otkupshchiki (tax farmers), who sometimes enjoyed monopolies over several provinces. This produced high prices for consumers, lower alcohol tax revenues for the government and large fortunes for corrupt officials (Blackwell, 1968: 55-56). Following the introduction of tariff protection in 1822, sugar beet refining initially operated on a small scale, dominated by manorial factories using serf labor, particularly in the Ukraine (Yatsunsky, 1974: 119-120). After 1840, however, production became concentrated in larger units using steam-powered machinery (Falkus, 1972: 40; Blackwell, 1968: 54). From 1840 to 1880, the industry grew at the rapid rate of 10.7 per cent per annum. Although this may at first sight appear to be an example of the state successfully stimulating an infant industry that modernized, it should be noted that concerns about the viability of cane sugar refiners in St Petersburg led the state to introduce a domestic excise on beet sugar in the mid-nineteenth century that kept prices high and restricted the sugar market to the upper classes (Blackwell, 1968: 54-55). A heavy reliance on serf labor may also have impeded the productivity of the industry (Blackwell, 1968: 55).

3.2.3 Large-scale industry: Textiles and other industries
FIGURE A2.3.4: Large-scale industrial production in Russia: Textiles, 1690s-1880s (1880s=100)

Source: Appendix Table A1.4.

Output of the major large-scale textile industries is shown in Figure A2.3.4 while the decadal data are provided together with brief notes and sources in Appendix Table A1.4. Government played an important role in the wool industry during the eighteenth century through placing orders for cloth that was needed for army uniforms. Both the demand and supply sides of the wool industry can be quantified through monitoring orders placed by the military and the supply response through producer deliveries (Kahan, 1985: 103). Where possible, we have used the supply side data, but it has been necessary to interpolate the figures for the 1770s and 1780s using the demand side estimates. Despite being able to meet all the army’s needs by mid-century, the wool cloth manufactories were not able to establish themselves in the civilian market, where they were unable to compete with small-scale domestic producers at the lower end of the market and with foreign producers at the higher end. Peter the Great set up state-owned manufactories for the production of sail cloth and broad linen, which he also saw as providing demand for domestically produced flax and hemp, and providing potential for increased exports. In contrast to the wool industry, the linen manufactories succeeded in finding export markets during the eighteenth century, and linen output is based on linen exports taken from Kahan (1985: 89), interpolated before the 1750s using the number of linen manufactories from Kahan (1985: 88). Output of both woollen and linen cloth grew at similar rates over the eighteenth century. 

Performance in the textile industries during the nineteenth century ranged from the very dynamic (cotton) through the slow-growing (wool) to the declining (linen). The output of the cotton industry is tracked using imports of raw cotton, the principal input, a common way of measuring the output of the cotton industry at this time (Robson, 1957). The cotton industry developed very rapidly from a low level in the 1810s, growing at an annual rate of 13.0 per cent between the 1800s and 1840s, slowing down to a still impressive 5.7 per cent between the 1840s and 1880s. Although the Russian cotton industry was able to grow rapidly, it developed against the backdrop of the growing dominance of the English cotton industry, the scale of which outshone its Russian counterpart by a factor of more than 10 to 1 in terms of the numbers of spindles and looms (Blackwell, 1968: 43). Given the English dominance in spinning, the Russian cotton industry at first developed by weaving cloth from imported yarn and finishing the cloth by dying and printing, employing free labor but with relatively low levels of mechanization before the late nineteenth century. In wool textiles, output grew at 2.5 per cent per annum between the 1800s and 1880s, but with much of the growth concentrated in the period before the 1840s. Indeed, from the 1840s output only just kept pace with population growth. After the Napoleonic wars, attempts to diversify away from production for military needs met with some success, but the industry remained dominated by technically conservative gentry-owned rural estate factories using serf labor rather than by technically modern urban factories owned by middle class industrialists employing free labor (Blackwell, 1968: 49). Although the total value of linen production exceeded that of cotton and wool combined, most of this was produced by peasants working from home, and linen was only a small part of factory industry (Blackwell, 1968: 51). We have used data on the volume of exports to estimate the trend of output in the large-scale or factory linen industry, which declined by -0.7 per cent per annum between the 1800s and the 1880s. The main reason for the decline of linen was competition from cotton cloth. 

Other large-scale industries include glass & pottery, chemicals, paper and miscellaneous (including shipbuilding). Although we do not have independent time series data for these industries, we know that they also expanded rapidly and assume that they grew in line with textiles (Kahan, 1985: 86-88, 99, 105-108, 117-118). 

4. SERVICES
4.1 Commerce 
FIGURE A2.4.1: Commodity production in Russia, 1690s-1880s (1880s=100)

Source: Appendix Table A1.7.

Commerce is the sector that was responsible for the transport, distribution and finance of agricultural and industrial production and the construction of the commerce index is described in the text as a weighted average of foreign and domestic trade. The foreign trade index is described in the text, while the detailed description of the domestic trade index has been left to this section. Domestic trade is constructed as an index of commodity production from the output indices for agriculture and industry, with agriculture accounting for 72 per cent of Russian commodity output in the 1880s (Table 6).[footnoteRef:4] The importance of agriculture shows up clearly in Figure A2.4.1, where commodity output moves very closely in step with agriculture for both long-term trend and shorter-term fluctuations. Dividing commodity output by population provides a series for commodity output per head, which looks very similar to the path of agricultural output per head in Figure 2, but with long-term decline avoided by the inclusion of industry. The data series for commodity output are set out in Appendix Table A1.7, together with sources and brief notes. [4:  The share of agriculture in commodity production is obtained as the ratio between the share of agriculture in GDP and the sum of the shares of agriculture and industry in GDP.] 


FIGURE A2.4.2: Commerce in Russia, 1690s-1880s (1880s=100)

Source: Appendix Table A1.8.

4.2 Government services during the eighteenth century
Because the government revenue and expenditure accounts for the eighteenth century became more inclusive over time and have not been reliably consolidated, they give the impression of extraordinary growth. Given the small scale of the government sector in the 1880s, this would produce an impossibly small government sector during most of the eighteenth century. There is also the problem that much of the revenue and expenditure recorded in the government accounts is a result of production and distribution activity, which has already been accounted for in commodity production and distribution. We therefore assumed that over the century as a whole, the provision of civil administration and defence grew in line with population, but with a cyclical component measured by census estimates of military personnel from Kahan (1985: 8), shown here in Table A2.4.1. The cyclical component for the eighteenth century, given by the ratio of military personnel in each year to the average across the five censuses, is applied to the relevant decades of the population series in Table A1.1 to produce the government series in Table A1.9.

TABLE A2.4.1: Military personnel from population censuses

	
	Military personnel
	Ratio to average
	Army as % of population

	1719
	218,351
	0.54
	1.40

	1744
	170,236
	0.43
	0.93

	1762
	637,231
	1.60
	2.75

	1782
	518,421
	1.30
	1.82

	1795
	449,421
	1.13
	1.21

	Average
	398,663
	1.00
	


Source: Kahan (1985: 8).

Writers such as Raeff (1984) have drawn attention to the changes in the structure and activities of the state during the eighteenth and nineteenth centuries. However, it is important to realise that the reforms of Peter the Great and later Tsars focused on military matters and state industries, which have been captured here in our separate treatment of military personnel in the provision of government services and in the inclusion of state industries in the industrial production series. In the primary administrative functions of the state, Russia remained distinctly “under-governed”, so that our assumption of civil administration growing in line with population is likely to be, if anything, an upper bound measure. 

4.3 Service sector weights
The breakdown of sectoral weights within services in Table 5 is derived from Gregory (1982: 73), who provides indices of sector production between 1883-87 and 1909-13 and net output in 1909-13 in millions of 1913 roubles. From this, in Table A2.4.2 we derive net output in 1883-87 in millions of 1913 roubles and obtain the percentage shares of commerce, government and rent & domestic services in 1883-87 at constant prices of 1913. 



TABLE A2.4.2: Service sector net output weights at constant prices, 1909-13 and 1883-87

	
	1909-13
	
	1883-87

	
	(m 1913 Rbs)
	
	(m 1913Rbs)
	(%)

	Transport & communications
	1,173
	
	199
	

	Trade
	1,640
	
	869
	

	COMMERCE
	2,813
	
	1,069
	56.4

	GOVERNMENT
	565
	
	186
	9.9

	Housing
	743
	
	386
	

	Medicine
	126
	
	47
	

	Domestic service
	264
	
	206
	

	RENT & DOMESTIC SERVICES
	1,133
	
	639
	33.7

	TOTAL SERVICES
	4,511
	
	1,894
	100.0


Source: Derived from Gregory (1982: 73).

The changing structure of the service sector at constant prices can be tracked in Table A2.4.3. Over the long run, there was an increase in the share of commerce at the expense of other domestic services. However, the most significant changes were more cyclical, driven by the sharp increase in government spending during the Napoleonic Wars, when government spending reached 19.3 per cent of service sector output and 4 per cent of GDP. It should be noted that these are implicit shares in constant prices, rather than current price shares, which would also need to take account of relative price changes.

TABLE A2.4.3: Economic structure of the service sector, 1700s-1880s (% of GDP in constant prices)

	
	Commerce
	Government
	Other domestic
	GDP

	1700s
	49.6
	9.9
	40.5
	100.0

	1760s
	56.6
	12.2
	31.2
	100.0

	1800s
	52.9
	9.3
	37.8
	100.0

	1810s
	46.1
	19.3
	34.6
	100.0

	1840s
	55.1
	7.3
	37.6
	100.0

	1880s
	56.4
	9.9
	33.7
	100.0


Source: Derived from Table A1.9 and Table 7.

4.4 Alternative weighting scheme for services
We have used Gregory’s (1985: 73) weighting scheme for 1883-87, presented here in Table A2.4.2, to aggregate the individual service sector output series. Markevich (2019) provides an alternative breakdown for 1913, shown in Table A2.4.4. As with industry, these weights need to be adjusted to an 1883-87 basis, using Gregory’s estimates of the growth of individual service sectors between 1883-87 and 1913. Markevich assigns a higher weight to government, offset by a lower weight to commerce and other services. Although the differences between these weights and Gregory’s are bigger than in the case of industry, they nevertheless do not produce a very different series for total services, as there is much less variation in growth rates across sectors in services compared with industry. Hence the final outcome is a very similar series for total service sector output using Markevich or Gregory weights in Table A2.4.5.

TABLE A2.4.4: Alternative weighting schemes for services (%)

	
	Markevich 
1913 weights
	Markevich 1883-87 weights
	Gregory 
1883-87 weights

	Commerce
	47.1
	42.9
	56.4

	Government
	25.5
	20.1
	9.9

	Rent & domestic services
	27.4
	37.0
	33.7

	Total services
	100.0
	100.0
	100.0


Sources and notes: Gregory (1985: 73); Markevich (2019). Markevich 1883-87 weights derived from Markevich 1913 weight using the growth of service sectors between the two benchmarks from Gregory (1985: 73).

TABLE A2.4.5: Total service sector production using Gregory and Markevich weights (1880s=100)

	
	Total services production using:

	
	Gregory 
weights
	Markevich weights

	1690s
	10.0
	10.2

	1700s
	10.9
	11.2

	1710s
	11.4
	11.1

	1720s
	14.5
	14.3

	1730s
	14.4
	14.4

	1740s
	16.0
	14.8

	1750s
	17.7
	17.6

	1760s
	22.9
	23.4

	1770s
	24.6
	23.8

	1780s
	25.0
	25.5

	1790s
	31.0
	31.5

	1800s
	33.8
	34.1

	1810s
	42.0
	47.2

	1820s
	49.0
	55.6

	1830s
	55.3
	61.8

	1840s
	57.0
	55.9

	1850s
	62.2
	62.4

	1860s
	68.9
	69.0

	1870s
	89.6
	88.2

	1880s
	100.0
	100.0


Sources and notes: Total industrial production using Gregory weights: Table A1.6. Total industrial production using Markevich weights derived using Markevich 1883-87 weights from Table A2.3.5.

5. GDP AND PER CAPITA GDP
5.1 The changing structure of the Russian economy
The breakdown of major sectoral shares in Table 8 is derived in much the same way as the service sector shares in Table 5, based on the 1883-87 weights from Gregory (1982: 73). The net output data in 1913 roubles are shown in Table A2.5.1. Indices of sector production are used to project the 1909-13 benchmark back to the late nineteenth century, thus deriving net output in 1883-87 in millions of 1913 roubles.

TABLE A2.5.1: Major sector net output weights at constant prices, 1909-13 and 1883-87

	
	1909-13
	
	1883-87

	
	(m 1913 Rbs)
	
	(m 1913Rbs)
	(%)

	Agriculture
	10,294
	
	5,044
	56.6

	Industry
	5,625
	
	1,972
	22.1

	Services
	4,511
	
	1,894
	21.3

	GDP
	20,430
	
	8,910
	100.0


Source: Derived from Gregory (1982: 73).

Again, it is important to note that using a single set of weights for the benchmark year of 1883-87 in Table 6 does not mean that the share of each sector is held constant over time. Rather, projecting back from base year value added weights using volume indices leads to changing sectoral shares to the extent that growth rates differ between sectors. Table A2.5.2 shows that the constant price share of agriculture first increased between the 1690s and 1760s, before falling back between the 1760s and 1800s, largely driven by the per capita trends in agricultural output. Sectoral shares then remained fairly stable between the 1800s and 1840s, before industry and services increased their shares at the expense of agriculture between the 1840s and 1880s. Again, it must be stressed that these are constant price shares, and that current price shares would have to take account of relative price changes. 



TABLE A2.5.2: Economic structure of the Russian economy, 1700s-1880s (% of GDP in constant prices)

	
	Agriculture
	Industry
	Services
	GDP

	1690s
	69.4
	12.2
	18.4
	100.0

	1760s
	73.0
	10.2
	16.8
	100.0

	1800s
	66.5
	14.8
	18.7
	100.0

	1810s
	63.7
	15.4
	20.9
	100.0

	1840s
	64.1
	17.4
	18.5
	100.0

	1880s
	56.6
	22.1
	21.3
	100.0


Source: Derived from Table A1.10 and Table 7.

5.2 Alternative sectoral weights
We have used Gregory’s (1985: 73) weighting scheme for 1883-87, presented here in Table A2.5.1, to aggregate the output series for agriculture, industry and services into GDP in the main text. Markevich (2019) provides an alternative sectoral breakdown for 1913, shown in Table A2.5.3. As with industry and services, these weights need to be adjusted to an 1883-87 basis, using Gregory’s estimates of the growth of individual sectors between 1883-87 and 1913. Markevich assigns a lower weight to industry, offset by a higher weight to agriculture and services. Although the differences between these weights and Gregory’s are bigger than in the case of industry or services, they nevertheless do not produce a very different series for total GDP in Table A2.5.4, where the maximum difference in the nineteenth century is 2.9 per cent and in the eighteenth century is 4.4 per cent.

TABLE A2.5.3: Alternative weighting schemes for GDP (%)

	
	Markevich 
1913 weights
	Markevich 1883-87 weights
	Gregory 
1883-87 weights

	Agriculture
	52.2
	59.5
	56.6

	Industry
	17.8
	13.4
	22.1

	Services
	30.0
	27.1
	21.3

	GDP
	100.0
	100.0
	100.0


Sources and notes: Gregory (1985: 73); Markevich (2019). Markevich 1883-87 weights derived from Markevich 1913 weight using the growth of agriculture, industry and services between the two benchmarks from Gregory (1985: 73).



TABLE A2.5.4: Aggregate GDP using Gregory and Markevich weights (1880s=100)

	
	Aggregate GDP:

	
	Gregory 
weights
	Markevich weights

	1690s
	11.6
	12.0

	1700s
	12.7
	13.2

	1710s
	14.0
	14.5

	1720s
	18.7
	19.5

	1730s
	17.9
	18.6

	1740s
	22.2
	23.2

	1750s
	22.3
	23.2

	1760s
	29.1
	30.3

	1770s
	32.5
	33.7

	1780s
	29.7
	30.7

	1790s
	34.9
	35.8

	1800s
	38.5
	39.6

	1810s
	42.7
	44.0

	1820s
	48.8
	50.1

	1830s
	55.5
	56.8

	1840s
	65.6
	66.6

	1850s
	68.5
	68.9

	1860s
	72.6
	72.4

	1870s
	90.9
	91.1

	1880s
	100.0
	100.0


Sources and notes: Aggregate GDP using Gregory weights: Table A1.10. Aggregate GDP using Markevich weights derived using Markevich 1883-87 weights from Table A2.5.3

5.3: Growth rates of GDP, population and GDP per capita
Table A2.5.5 sets out the growth rates of GDP, population and GDP per capita from the 1690s to the 1880s, broken down by sub-periods.  

TABLE A2.5.5: Annual growth rate of Russian GDP, population and GDP per capita, 1690s-1880s (per cent per annum)

	
	GDP
	Population
	GDP p.c.

	1690s-1760s
	1.31
	0.80
	0.51

	1760s-1800s
	0.70
	1.46
	-0.76

	1800s-1840s
	1.33
	1.28
	0.05

	1840s-1880s
	1.05
	1.13
	-0.08

	
	
	
	

	1690s-1800s
	1.09
	1.04
	0.05

	1800s-1880s
	1.19
	1.21
	-0.02

	1690s-1880s
	1.13
	1.11
	0.02


Sources and notes: Derived from Appendix Table A1.11.

6. INTERNATIONAL COMPARISONS
6.1 Price data for the PPP estimation
TABLE A2.6.1: Prices and weights for a Russia/GB PPP in 1795/96

	
	Units
	Russian price (Rbs)
	Russian weights (%)
	British price 
(£)
	British weights 
(%)
	PPP (Rbs per £)

	Wheat
	kg
	0.056
	11.6
	0.018
	10.6
	3.13

	Wheat flour
	kg
	0.082
	11.6
	0.027
	10.6
	3.08

	Rye
	kg
	0.039
	11.6
	0.012
	10.6
	3.29

	Oats
	kg
	0.024
	11.6
	0.010
	10.6
	2.50

	Barley
	kg
	0.052
	11.6
	0.010
	10.6
	5.21

	GRAIN & FLOUR
	
	
	58.0
	
	53.0
	

	Peas
	kg
	0.061
	3.0
	0.010
	2.5
	6.16

	Potatoes
	kg
	0.012
	3.0
	0.004
	2.5
	3.14

	VEGETABLES
	
	
	6.0
	
	5.0
	

	Beef
	kg
	0.114
	16.0
	0.056
	15.0
	2.04

	MEAT
	
	
	16.0
	
	15.0
	

	Butter
	kg
	0.423
	5.0
	0.073
	4.0
	5.79

	Eggs
	dozen
	0.090
	5.0
	0.031
	4.0
	2.92

	DAIRY & EGGS
	
	
	10.0
	
	8.0
	

	Sugar
	kg
	1.227
	3.5
	0.092
	2.5
	13.34

	Ginger
	kg
	2.800
	3.5
	0.234
	2.5
	11.97

	SUGAR & SPICES
	
	
	7.0
	
	5.0
	

	Hops
	kg
	0.615
	1.5
	0.120
	7.5
	5.14

	Tobacco
	kg
	0.588
	1.5
	0.349
	7.5
	1.68

	DRINK & TOBACCO
	
	
	3.0
	
	15.0
	

	TOTAL FOOD
	
	
	100.0
	
	100.0
	

	
	
	
	
	
	
	

	Cloth
	metres
	0.156
	25.0
	0.050
	25.0
	5.18

	Bar iron
	cwt
	4.926
	25.0
	0.845
	25.0
	5.62

	Tallow candles
	kg
	0.345
	25.0
	0.087
	25.0
	3.99

	Soap
	kg
	0.300
	25.0
	0.090
	25.0
	3.33

	OTHER GOODS
	
	
	100.0
	
	100.0
	

	
	
	
	
	
	
	

	Food
	
	
	72.0
	
	51.0
	

	Other goods
	
	
	28.0
	
	49.0
	

	TOTAL GOODS
	
	
	100.0
	
	100.0
	


Sources and notes: British prices for food, candles and soap from Clark (2004). British prices for cloth from Harley (1998: 79) and bar iron from Gayer, Rostow and Schwartz (1953, Vol. 1: 28-31). Russian prices for food, cloth, candles and soap are averages across up to 11 cities: Moscow (Moskovskie Vedomosti, 1796, RGADA. F. 248. Op. 112. D. 222, F. 1204. Op. 1. D. 19312, 19314, 19315, 19341, 19342, F. 1239. Op. 3. D. 59197, F. 1290. Op. 3. D. 13, 22, Zamechaniia k tablitsam, TsGA Moskvy. F. 421. Op. 1. D. 5147), St Petersburg, Tula, Archangelsk, Ryazan, Smolensk, Kursk, Tobolsk, Revel, Yaroslavi and Riga  (RGIA. F. 13. Op. 2. D. 782, Objyavleniya k Sankt Peterburgskim vedomostyam, 1795, N. 54, 58, 65, 80, 90, 95, 1796 N. 54,  NIA SPbII, F, 115. Op. 1. D. 1525.). Russian prices for bar iron from Semenov (1859, vol. 3: 502-503). British weights derived from Feinstein (1995: 22), with equal weights within each category. Russian weights derived from Mironov (2012: 255, 261), with equal weights within each category. British weights for total goods from Feinstein (1995: 22). Russian weights for total goods derived from the ratio between agricultural and industrial output in Table 6. PPPs for individual products obtained as the ratio between the Russian price in Rbs and the British price in £.

Table A.2.6.1 presents the prices of individual products and the British and Russian weighting schemes used in the PPP estimation for 1795/96. The data are presented in sections dealing with food and other commodities. For food, British prices are taken from Clark (2004) while Russian prices are averages across up to 11 cities including Moscow, St Petersburg, Tula, Archangelsk, Ryazan, Smolensk, Kursk, Tobolsk, Revel, Yaroslavi and Riga. Sources are listed in the notes to the table.[footnoteRef:5] British weights are based on Feinstein’s (1995) analysis of budget studies in Britain at the end of the eighteenth century, with the weights reflecting the relative importance of different food items in household expenditure. Feinstein’s weights are for broad categories of expenditure, and within those categories we have taken unweighted averages of individual items. The earliest Russian weights are for the mid-nineteenth century, taken from Mironov (2012: 255, 261). PPPs for individual products are obtained as the ratio between the Russian price and the British price. For other goods, Russian prices for cloth, candles and soap are taken from the same sources as for food, while iron prices are from Semenov (1859). For Britain, prices for candles and soap are also from Clark (2004) while cloth and iron prices are taken from Harley (1998) and Gayer et al. (1953). Within the category of other goods, we have taken unweighted averages of individual items, as within the sub-categories of food. The weights used to aggregate food and other goods are the shares of agriculture and industry in commodity output, derived from Broadberry et al. (2015: 194) for Britain and Table 6 for Russia.  [5:  The data were collected partly in the project “Living Standards in Russia in the eighteenth century” (led by Elena Korchmina), supported by HSE (Moscow) in 2020.] 


6.2 Comparative GDP per capita levels
At first sight, comparison with Asian rather than European economies in Figure A2.6.1 shows Russian economic performance in a better light. However, although the level of GDP per capita was higher than in the large East Asian economies for most of the period, Japan overtook Russia around the mid-nineteenth century and GDP per capita remained higher in the Yangzi Delta as late as the 1880s (Broadberry et al., 2018; 2021). In West Asia, furthermore, the Ottoman Empire was also catching-up on Russia.



FIGURE A2.6.1: GDP per capita in Russia and other Asian economies, 1690s-1880s (1990 international dollars)

Sources and notes:  Russia: Appendix Table A1.10, benchmarked on GDP per capita in 1990 international dollars from Maddison (2010); China: Broadberry et al. (2021); Ottoman Empire: Pamuk (2015); Japan: Bassino et al. (2019).
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Pig iron	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	0.2770070014860454	0.86426184463646183	1.8725673300456671	3.8670177407451938	5.7894463310583486	7.3850066596179715	12.581658007496182	17.756148795255509	20.836466651780334	29.850274480136253	34.09402174290247	32.003220413093963	36.143663081083474	39.05992868772185	42.366550662146302	53.312521438066412	67.513608035252119	89.196118627803031	100	Bar iron	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	0.47822694029802709	1.0074647542278439	2.271577966415629	3.760457840543487	5.1457218776067712	9.0416773512347	11.678301882077822	16.278845047744845	22.00481561291322	25.658469436790153	29.756442635626136	32.447811057798383	35.38260454500827	38.582840061488703	42.072525930554555	58.462846198150032	63.970749323980556	89.196118627803031	100	Metalworking	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	1.2571322109912346	1.3708355180897307	1.4948229002696709	1.6300245169343259	1.7774546572223742	2.7368518697954145	8.3518953773099494	28.899645979336757	100	



Salt	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	7.081963942077671	8.4884293831353101	10.030935643670086	11.978673947178256	15.40470041674115	14.026412006840467	14.928895149096668	17.924955257069417	19.84671821793366	26.011426235823933	45.201804813250149	39.617663410846639	45.206176196068355	51.583010968548805	58.859369326902751	67.990606927545969	71.971485956911252	82.887435282021286	100	Alcohol 	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	2.1417458567488357	2.1144493605605494	2.7031625934737615	3.8057688781949075	5.418815743764906	7.5810152162440385	9.8711759524914058	11.087505958384588	19.652651297490962	27.454742878992473	37.898952698935048	44.283794786165458	51.744292150804498	62.43010318065285	75.322661131163315	82.75232822342835	100	Sugar	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	2.4601274618213274	6.8908788449314411	21.338650204778379	58.222998930591913	100	



Wool	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	0.59339809184066139	1.09550416955199	2.3212382230997557	2.5380506705226455	4.254207858426895	6.7197154600686622	11.365745540531288	7.1150970889105283	10.529620909677213	13.418125798493248	15.050036281305241	19.052643348791694	28.117940351834417	63.904409890532769	80.336972433812619	135.11218091141214	151.544743454692	100	Linen	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	0.63511388400206348	1.2702388234609574	2.5404942301071607	5.0809906156807481	11.432226799346431	17.783467154882612	22.046792011504571	36.664317032872219	101.23702928881241	98.802064921881353	161.57550157864776	80.162343596419049	120.30327013879776	112.8010371335791	123.32417371774852	63.904409890532776	80.336972433812619	135.11218091141214	151.544743454692	100	Cotton	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	0.20356690693397686	1.177371759968789	3.0014958146926038	10.152231663473467	24.58050951928676	32.073391984663921	65.651426826029251	100	



Agriculture	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	14.244274576293384	15.580827781705954	17.332150972060226	24.330724693680764	22.708500712163744	29.445470291911661	28.298697041173781	37.537548763797325	41.754676581996051	36.166850359374287	40.667307992013164	45.276857227932027	48.103643962812406	53.732864151571249	60.695909198100459	74.360343079473594	73.613465219913536	73.708442384745027	92.373665897547511	100	Industry	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	6.4150842881929666	7.0815281891567192	7.7688958746834915	8.3136879970423543	8.9936569111658926	9.7033327356089849	11.317929120722951	13.460494450363811	16.571681016075594	17.864427650817728	23.827719255747731	25.747442236840676	29.752546898031401	35.924106313834557	42.256535190973636	51.52059038718447	61.461538657896654	73.367034709892593	88.3995694825025	100	Commodity output	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	12.044272105337166	13.19252459619962	14.644876289697365	19.829937381925369	18.854629604083346	23.897929638590607	23.527101255527096	30.771896501722505	34.678254827972403	31.023869578269895	35.935383557122577	39.789091615435353	42.946985687608944	48.728603199167239	55.514445102097824	67.942372572940343	70.198773855986786	73.612506828111492	91.256944804919868	100	Commodity output per head	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	99.729734305419612	100.55307866674102	102.74874429169571	132.15894462620932	119.36517186883711	143.71572963013935	125.31531471222702	145.17160960077274	147.86639508793257	119.56196385974573	105.16375783330315	104.65335164166171	99.541962975910934	95.990236646710187	95.656942084803049	106.92927930524787	101.26764842873754	98.14036599394737	104.16124423930192	100	



Foreign trade	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	1.1903918148444368	1.2541901343183646	2.1618877501123825	2.2307183113914579	2.3860388391512499	3.1481667020261925	4.7029516523356758	6.3758964419012374	7.0513736914501495	12.483574982192833	12.94832470083743	14.115082446235427	15.968842582094345	20.851388456024729	26.892704541945143	32.784411051241769	48.874331664618374	95.431501976904272	100	Domestic trade	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	12.044272105337166	13.19252459619962	14.644876289697365	19.829937381925369	18.854629604083346	23.897929638590607	23.527101255527096	30.771896501722505	34.678254827972403	31.023869578269895	35.935383557122577	39.789091615435353	42.946985687608944	48.728603199167239	55.514445102097824	67.942372572940343	70.198773855986786	73.612506828111492	91.256944804919868	100	Commerce	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	8.7570251798016621	9.5918847617930645	10.627670443083664	14.529522492381473	13.86745621627578	17.444362398758802	17.413420889476825	22.951213046906457	26.187547312151054	23.83212081222397	28.899840984643653	31.736861541055973	34.297414715196886	38.900675014045369	45.115528108275889	55.627472163641777	58.974465014563279	66.19105427906355	92.509311956515177	100	



Russia	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	860.48292924010707	866.92585229735562	876.84389913679229	1115.1099840784852	1015.2477636361328	1196.1933119596617	1062.4950340624264	1228.4918006654386	1241.6921655096603	1025.696214242844	913.69801174892086	906.9336290954966	886.76837657366616	860.03259012084629	855.56156450212177	924.14007380700411	884.49899477223767	866.48459335126824	928.73597172377572	895	China	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	939.8449459521072	1029.5971080378122	957.0646406033926	896.69089111125436	840.12222970018138	785.53227917658194	726.23721977218486	708.97922868758326	694.21318604423493	681.31291117938667	664.6973954146697	648.80855658062353	632.87949292609255	621.30659802464299	593.61240310850405	599	600	600	600	600	Ottoman	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	680	700	740	825	Japan	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	1810s	1820s	1830s	1840s	1850s	1860s	1870s	1880s	676	828	904	1011	



Agric output p.c. (old)	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	99.04191955365819	99.722370963347032	102.11225986042631	136.16480627546596	120.72096350248661	148.69526180434815	126.57174746635836	148.70581354129033	149.503714968964	117.04217184366996	99.936433271837956	100	Agric output p.c. (new)	1690s	1700s	1710s	1720s	1730s	1740s	1750s	1760s	1770s	1780s	1790s	1800s	82.204724409448815	82.204724409448815	83.600432298903812	107.29041222788327	94.012660182183126	114.44804693530955	103.26385672379189	128.59966033657557	124.67500385981161	94.120734908136512	92.240234676547786	100	
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