
The long-run gains from the early adoption of electricity 

Björn Brey, University of Nottingham 

(bjoern.brey@nottingham.ac.uk)  

A striking relationship between the initial time of industrialization and contemporary 

economic prosperity is observable across countries (Galor, 2011). Industrialization itself has 

been driven by the adoption of new general purpose technologies. Steam and electricity are 

considered to be among the most important. Similar to the key role of the steam engine in the 

first industrial revolution, electricity has been a main driver alongside chemical industries in 

the second (Landes, 1969; Mokyr, 1998). However, at the local level little is known about the 

long-run effect of adopting new general purpose technologies early despite the considerable 

creative destruction caused by them.  

To explore this, I examine the effect of the initial adoption of electricity between 1880 

and 1900 in Switzerland on economic development, before electricity's main growth and 

maturity stage as a technology at the beginning of the twentieth century (Jovanovic & 

Rousseau, 2005).
1
 Notably, Switzerland had the highest per capita production of electricity by 

1902, reflecting its position at the forefront of technological adoption at the international level 

(Paquier, 2006). I then consider whether the effect of early adoption persists over time, 

despite access to electricity becoming nearly universal across Switzerland by 1930 due to the 

development of the electricity grid. In order to investigate this, I exploit the following natural 

experiment: (i) electricity production in Switzerland at the turn of the century was nearly 

exclusively by water power and (ii) transmission distances were extremely short, with even 

the longest transmission line being less than 35km by 1901 (Swiss Statistical Yearbook, 

1902). Consequently, I instrument the actual endogenous adoption of electricity with the 

quasi-randomly assigned local potential to produce electricity due to differences in 

geography. 

The contribution of this paper is threefold. First, I highlight that electricity, even in its 

nascency as a technology, had a considerable positive impact on industrialization. Second, I 

provide evidence that employment growth is in particular in chemical industries, a sector 

highly reliant on electricity for novel production processes, and both the effect on 

industrialization and chemical industries continues to persist today. This suggests a first-

mover advantage from early access to general purpose technologies. Finally, I highlight that 

the effect does not persist due to differences in electricity consumption over-time, but rather 

due to the accumulation of complementary human capital. 

Empirical Strategy 

The main empirical exercise of this paper explores the relationship between the adoption of 

electricity 1880-1900 and economic development in the short- and long-run. I estimate 

equations of the following form: 

where ∆𝐷𝑉𝑑,𝑡−1880 is the dependent variable of interest for economic development with d 

denoting district (Bezirk) and t representing the end year of the time period. ∆𝐸𝑑,1900−1880 is 

the change in electricity supplied per capita. 𝑋𝑑,1880 are controls for start of the period 

1 The extant empirical literature has examined the impact of electrification on rural areas in developed countries 

between 1900-1930 (Kitchens & Fishback, 2015; Leknes & Modalsli, 2018; Lewis & Severnini, 2019; Molinder 

et al., 2019) and developing countries since the 1990s (Dinkelman, 2011; Lipscomb et al., 2013; Van de Walle et 

al., 2017). 



differences across districts in 1880 that might influence the adoption of electricity as well as 

future economic development, ∆𝐸𝑑,𝑡−1900 controls for further extension of electricity supply 

after 1900, and є𝑑,1880  is the error term. The main dependent variables ∆𝐷𝑉𝑑,𝑡−1880 are the 

change in the agricultural, manufacturing, or services share of employment capturing the 

structural transformation caused by electrification. Further, I use the change in employment 

shares across 5 manufacturing sectors as dependent variables to study which specific 

industries gained from the adoption of electricity. Finally, I supplement these results by 

studying the main driver of the long-run effect by examining electricity consumption in 

manufacturing and human-capital formation through military test scores and support for 

central government education spending.
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Figure 1: The graph illustrates the relationship between the total water-power potential of a district and (i) the 

change in electricity produced from waterpower between 1880 and 1900 and (ii) the mechanically exploited 

waterpower in 1880 across districts. The x-axis gives the potential constant minimal horsepower from 

waterpower, while the y-axis gives the actual average horsepower exploited. Constant minimal production is the 
amount of power produced at low water, while the average reflects the actual exploited waterpower over the 

operation time of the water-power plant. 
 

The relationship between the supply of electricity and development is not necessarily 

causal. The supply of electricity and economic development might be governed by 

unobserved common forces or reverse causality where economic development leads to an 

extension of electricity production. In order to deal with this issue of endogeneity, I exploit 

exogenous variation in the potential to produce energy from waterpower across Switzerland: 
 

 
 

                                                             
2 The discussed dependent variables here only reflect the key results included in this abstract. In addition, the full 

paper also analyses the effect of electrification on changes in incomes, university education, male and female 

labor supply, national and international migration, infrastructure development and industry specialization to 

further narrow down the mechanism. 



where the increase in the production of electricity between 1880 and 1900 is instrumented by 

the log potential for energy produced from waterpower per person, denoted log(𝑃)𝑑. The left-

panel in Figure 1 highlights the relationship between the increase in electricity produced 

between 1880-1900 and the water-power potential across districts. It highlights that the water-

power potential is a good predictor of the amount of electricity produced. In contrast, it does 

not influence the generation of mechanical power in 1880. Similarly, the potential waterpower 

is not associated with any other characteristics of economic development in 1880. 

 

 
Figure 2: The map shows the exploited and potential waterpower in Switzerland in 1914. Blue dots represent 

exploited waterpower, red dots represent potential waterpower, both of existing natural sources and grey dots 
represent existing and potential waterpower plants that requires the building of an embankment dam. The sites 

are coded into five categories represented by the size of the dot: a minimal power of (i) 20-99HP, (ii) 100-

999HP, (iii) 1,000-4,999HP, (iv) 5,000-9,999HP and (v) above 10,000HP. 

 

Data 

I have digitised data on power production by water power plants from Die Wasserkräfte der 

Schweiz in 1914 (see Bossard, 1916), compiled by the water-management agency of the Swiss 

department of the interior providing information on location, building and extension date, 

capacity, and energy type for all water-power plants with more than 20 horsepower capacity. 

From this data, I am able to construct measures for the change in electricity production per 

person at the district level from 1880-1900. Importantly, the electricity produced from 

waterpower represented the vast majority of energy supplied in Switzerland (more than 99%, 

see Swiss Statistical Yearbook 1920). Further, the supply of electricity due to technological 

constraints was only possible over short distances until the beginning of the twentieth century, 

with many powerplants operating at low-voltages supplying specific (usually industrial) 

establishments. Accordingly, from 1880-1900 the production and supply of electricity was 

extremely localised so that electricity produced from water was consumed in the same district 

providing a good measure of electricity adoption. I augment this information on the number 

of waterpower plants and electricity produced for after 1914 with information collected from 

later versions of Die Wasserkräfte der Schweiz providing information up to 2018.  



 

Figure 3: Estimated IV-coefficients on the effect of a one horsepower increase in electricity production 1880-

1900 on the change in the employment share across sectors from 1880 to 1900, 1920, 1941, 1955, 1965, 2011 as 

well as the pre-trend period 1860-1880. Regressions include the full set of controls (altitude, longitude, latitude, 

agricultural share, population density, education level, mechanical waterpower in 1880) and robust standard 

errors are clustered at the Cantonal level. The pre-trend period includes initial controls for the year 1860.  

 

To create the measure of potential waterpower across districts, I use a map of the power 

of existing and potential water-power plants across Switzerland, also published in Bossard 

(1916). This information on the water-power potential of Switzerland commissioned by the 

Swiss water-management agency was jointly created by a set of engineers working for the 

agency itself, cantonal power-plants, Swiss Federal Railway and Fa. Locher & Cie in an effort 



to map the maximum amount of electricity that could be produced in Switzerland from 

waterpower plants. I geo-digitized this detailed historical map with the final dataset presented 

in Figure 2. For my instrument, the water-power potential, I sum the energy that could be 

produced by all existing (blue) and potential (red) water-power plants in a district, but I do not 

include potential water-power plants that require an embankment dam (which were not built 

before 1907). 

I augment this dataset with information collected on employment by sectors and 

industries across Swiss districts for the years 1860, 1880, 1900, 1920, 1941, 1955, 1965, 

1975, 1985 and 2011 from the Statistischen Bureau (1860-1941), Eidgenössisches 

Statistisches Amt (1929-1985), and Bundesamt für Statistik (2011). From these sources, 

information was also obtained on electricity used in manufacturing in 1929 and 1955. Finally, 

I digitized data on test scores in reading, writing, mathematics and general knowledge from 

the Swiss military exams (Statistischen Bureau, 1880-1910) and use referendum votes from 

Linder et al. (2007) to measure human-capital accumulation and preferences for it. 

 

 
Table 1: The regressions present the results for the effect of electricity on the change in the share of employment 

in manufacturing industries: (i) chemicals and pharmaceuticals, (ii) food processing, (iii) wood & stone products 
and construction, (iv) metal products and machinery, and (v) textiles, apparel, paper and others.  

 

Results 

Figure 3 presents the results from estimating Equation 1 using the instrumental variable 

strategy. I find that the average Swiss district, due to electricity (0.03 horsepower per person), 

experienced a 1.3% decline in the agricultural employment share and corresponding increase 

in manufacturing between 1880-1900.
3
 In the long-run I find that despite the rapid expansion 

of the electricity grid, the areas that had access to electricity early continue to be more 

industrialized with the effect persisting up to today.
4
 Table 1 presents the effect across 

industries by 1900 (Panel A), 1920 (Panel B), and 1975 (Panel C). The effect on 

manufacturing appears to have been initially driven in part by the construction sector due to 

the requirement to build new waterpower plants for electricity generation. However, I also 
                                                             
3 Figure 2 also highlights that there is no pre-trend observable in the period 1860-1880 before the adoption of 

electricity. The results are similar using the OLS-specification (not shown), but with slightly smaller coefficients 

estimated.  
4 This positive effect is also reflected in the average district having a one thousand francs higher income per 

person in 2010. 



identify a considerable effect on employment in chemical industries, which required great 

amounts of electricity as inputs for newly developed production processes. In contrast to the 

contemporaneous effect, by 1920 and 1975, the direct effect on construction disappeared. 

Rather, the persistent increase in manufacturing employment is due to a further extension in 

employment in chemical industries and a set of other manufacturing sectors. This highlights 

that the long-run gain from the early adoption of electricity is particularly observed in 

chemical industries with there being a first-mover advantage of adopting new general purpose 

technologies early that persists even after access to the technology becomes wide spread. 

 

 
Table 2: The table present the usage of electricity in manufacturing per worker in Panel A and the employment 

share in electricity generation and supply in Panel B. 

 

I then explore why these new industries persisted rather than moved away after the 

initial advantage in access to electricity disappeared. In line with electricity access being 

universal by the 1930s, the long-run effect appears to be unexplainable by persistent 

differences in electricity consumption across factories (Panel A of Table 2), nor is there 

consistently higher employment in electricity generation and supply observable by 1975 

(Panel B of Table 2). However, the areas adopting electricity early appear to experience an 

increase in human-capital accumulation, as Table 3 shows that test scores, especially in 

mathematics and general knowledge, increased with the effect becoming more pronounced 

over time. The same is observed in voting to increase central government spending on 

education in referendums (Table 4), suggesting that the effect of the early adoption of 

electricity persists predominantly through increasing human capital accumulation 

complementary to newly established industries between 1880-1900. 

 

Conclusion 

The adoption of general purpose technologies is a key driver of economic development. This 

paper highlights that the early adoption of electricity during its infancy as a technology had a 

considerable positive impact on economic development in Switzerland. Despite electricity 



access having become universal in Switzerland, the effect of early adoption persists up to 

today, with early adopters having a higher level of industrialization and incomes. This reflects 

a first-mover advantage in adopting general purpose technologies leading to persistent 

differences in development across areas. Importantly, there are no persistent differences in 

electricity usage observable after the extension of the electricity grid. Instead, the long-run 

divergence in development is more likely explained by skill-biased technological change with 

areas early exposed to electricity experiencing increased human-capital accumulation, 

especially in subjects complementary to the newly developing industries leading to the 

persistent effect. 

 

 
Table 3: The table present the effect on the change in share of top marks received across different subjects.  

 

 
Table 4: The table presents the effect on share of pro-votes in Swiss referendums on education reforms in favour 

of increased central government investment. 
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