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Abstract

Investment in large scale infrastructure projects has long been considered a transformative
force for the economy. Historically and today, electrification has figured prominently among
these projects, but its estimated short-run impacts have been mixed, and its long-run effects
have yet to be evaluated. In this study, we exploit the historical rollout of the U.S. power
grid between 1930 and 1960 to examine the evolving impacts of rural electrification on the
local economy. We have two main findings. First, rural electrification led to an immediate
increase in farmland value and an expansion in the rural sector, but had no impact on
local wages or nonagricultural sectors. These estimates imply large short-run gains to rural
welfare that exceeded the historical cost of extending the grid, and were driven by improve-
ments in agricultural productivity and rural housing quality. Second, rural counties that
gained early access to electricity experienced economic growth that lasted decades after the
country was fully electrified. Although the relative expansion in the agricultural sector was
short-lived, growth in property values, income, and nonagricultural employment persisted.
This long-run expansion was particularly large in rural counties located near metropolitan
areas, suggesting that rural electrification helped fuel suburban growth. These historically
evolving impacts demonstrate how rural electrification can foster broader local development,
and highlight the importance of accounting for long-run responses when making electricity
infrastructure investment decisions.
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1 Introduction

Investment in large scale infrastructure has long been considered a transformative force
for the economy (e.g., Rostow, 1960; Rosenstein-Rodan, 1961; Murphy, Shleifer, and Vishny,
1989). Currently, one third of international development lending is devoted to major in-
frastructure projects. Electrification figures prominently among these projects because 1.2
billion people worldwide still lack access to electricity (IEA, 2016). Historically, expansions
in the power grid also played a key role in bringing electricity to rural America during the
mid-20th century. Economists have begun studying the impacts of electrification on vari-
ous economic outcomes but the evidence has been mixed, in part because electricity offers
a range of benefits that are difficult to quantify and not captured by standard economic
indicators.! Moreover, as with many large scale infrastructure projects, short-run evalua-
tions may fail to capture the transformative effects of electrification that could take several
decades to emerge (Devine Jr., 1983; David, 1990).

This paper proposes a new approach to assess the short-run benefits of electricity access
taking into account non-market amenities, and provides the first estimates of the long-run
impacts of rural electrification on the local economy. Our approach combines a standard
spatial equilibrium model (Rosen, 1979; Roback, 1982) with reduced-form effects on farm-
land values, housing prices, incomes, and a range of other local outcomes characterizing the
immediate effects of electricity access on the rural sector. These estimates are obtained by
exploiting the historical rollout of the U.S. power grid between 1930 and 1960. To track the
evolving long-run impacts of rural electrification, we use a difference-in-differences strategy
relying on detailed data for a range of outcomes over the period 1930 to 2000, and the
timing of electricity access over the three decades of grid expansions.

The historical U.S. context provides an exceptional opportunity to study the effects of
rural electrification. While urban areas were almost fully electrified by 1930, more than 90

percent of rural households gained access to electricity between 1930 and 1960, and there

'For example, Cowan (1976) famously observed that the diffusion of modern household technologies
reduced the drudgery and physical hardship of housework, but did not affect hours worked in the home or
in the labor market.



were sharp differences in the timing of rural electrification driven by plausibly exogenous
factors related to the cost of extending services. Moreover, these expansions occurred at
a time when even poor households had access to credit for purchasing electric appliances
and home retrofitting, allowing us to evaluate the benefits of electrification in a setting in
which households can take full advantage of the technology.? In addition, the historical U.S.
censuses provide information on a rich set of county-level outcomes, which combined with
the 70-year historical time horizon, allow us to identify adjustments that occurred gradually
over an extended period of time.

The empirical analysis combines a panel dataset on county-level outcomes with a newly
digitized dataset that provides detailed information on the location and characteristics of
large power plants that opened between 1930 and 1960. We use county-centroid distance
to the nearest power plant as our measure of electricity access. Proximity to plants played
an important role in determining which rural communities electrified.> Our identification
assumption — that rural counties would have evolved similarly in the absence of changes in
power plant distance — is supported by three pieces of evidence. First, the historical record
indicating that siting decisions were driven primarily by cost considerations and urban
electricity demand.* Second, the amount of electricity generated by these plants relative to
rural demand.® Third, the fact that baseline rural population characteristics are generally
unrelated to subsequent power plant openings.

We have two main findings. First, using county fixed effect regressions that control for
differential trends based on initial demographic and economic conditions, we show that a

reduction in distance to a large power plant led to short-run increases in farmland values

2In 1934, the Roosevelt administration established the Electric Home and Farm Authority (EHFA) and
the Federal Housing Administration (FHA). These programs provided low interest loans to households for
purchasing modern household appliances and retrofitting homes for electrical services.

3Distance to the grid was an important determinant of the Rural Electrification Administration (REA)
loan approval process (Fishback and Kitchens, 2015).

4Electric utilities faced severe constraints on where plants could be built. Hydroelectric plants were
ideally located at narrow points along a river that had consistent water flow throughout the year and a
sufficient gradient. Meanwhile, coal-fired power plants needed to locate near a source of coal and a large
body of water for coolant (Hughes, 1993).

5Given the limits of electricity transmission and low rural electricity consumption, we calculate that less
than 10 percent of total power plant generation could have been used by rural customers.



and an expansion in the rural sector, but had little impact on various income proxies and
did not generate spillovers onto nonagricultural sectors. The results are robust to a range
of specifications and samples. In a standard spatial equilibrium model, these reduced-form
estimates imply that rural electrification led to large gains in rural welfare driven by both
improvements in agricultural productivity and the non-market amenity of improved rural
housing.® We calculate that the average rural family would have been willing to forgo 21
percent of annual income to live in a home equipped with electrical services. Given the large
upfront and operating costs of home generators, these gains were likely not large enough to
justify individual farm electrification.” Nevertheless, we calculate that the benefits exceeded
the historical costs of extending the grid even at population densities of less than three farms
per mile of distribution line.

Second, adopting a difference-in-differences approach that compares relative outcomes
across early versus late electrifying rural counties with similar observable characteristics in
1930, we show that these two groups of counties diverged in the post-1960 period, when
the U.S. was fully electrified. Although those counties were similar along baseline outcomes
and pre-1930 trends, early electrifying counties experienced persistent relative growth in
population and employment in the period 1960 to 2000. By 2000, early electrifying counties
were 16 percent more populous than observationally similar late electrifying counties. This
expansion was not driven by the agricultural sector. Instead, employment growth was
concentrated in construction, services, and trade sectors, suggesting that the temporary
local advantage of early electrification spurred broader local development. Relative growth
in local property values and income proxies in early electrifying counties is also consistent
with this interpretation.

Why did early electrifying rural areas experience persistent growth even after the coun-

SIntuitively, higher land values could capture either increased farm productivity or improvements in
rural housing quality. The relative size of these two effects depends on the response in rural wages. On the
one hand, improvements in housing quality will drive down rural wages, as workers are willing to accept
lower wages given the non-market amenities associated with electrification. On the other hand, increases
in agricultural productivity will drive up rural wages as producers seek to attract more productive rural
workers.

"Less than 4 percent of farms owned generators in 1930 (Nye, 1990).



try was fully electrified? We find that the effects on population, employment, and property
values were concentrated in rural counties located near metropolitan areas. The tempo-
rary local advantage of early electrification appears to have helped resolve a residential
coordination problem, concentrating mid-20th century suburbanization into particular ru-
ral areas which subsequently spurred long-term local development. Residential segregation
reinforced these migration patterns. Workers who moved to early electrifying rural counties
had higher levels of education, were disproportionately white, earned higher incomes, and
consumed more local amenities. Together, these results suggest that suburban growth was
an important channel through which early electrification influenced the long-run population
distribution.®

This paper makes two important contributions to the literature. First, it provides a
new approach to evaluate the short-run benefits of electricity access that incorporates non-
market amenities. The resulting estimates help reconcile the mixed evidence on the impacts
of rural electrification in both the historical and the developing country context. Some pre-
vious studies have estimated positive effects of rural electrification on agricultural output
(Kitchens and Fishback, 2015; Chakravorty, Emerick, and Ravago, 2016), local development
(Lipscomb, Mobarak, and Barham, 2013; Severnini, 2014), female employment (Dinkelman,
2011; Lewis, 2016a), and health (Clay, Lewis, and Severnini, 2016; Lewis, 2016b)?, while
others have shown modest or potentially negative impact on the local economy (Burlig and
Preonas, 2016; Lee, Miguel, and Wolfram, 2016). Our hedonic results suggest that expan-
sions in electricity access brought large benefits to the rural residents, however, because
many of these gains occurred within the household, they are unlikely to be fully captured
by standard economic indicators.

Second, our study highlights the importance of long-run evaluations of rural electrifi-

cation infrastructure investments. Because adjustments occur over a period of decades,

8The results are robust to controls for the interstate highway system (Baum-Snow, 2007). In particular,
we find that that both early rural electrification and planned interstate highway expansions had distinctive
effects on population and employment growth.

A related literature examines the effects of improvements in reliability of rural services (e.g., Chakra-
vorty, Pelli, and Marchand, 2014; Ryan, 2014).



short-run assessments will not identify the full impacts of these investments. We add to a
growing literature that uses historical settings to identifying adjustments that occur over
long periods of time (e.g., Davis and Weinstein, 2002; Redding and Sturm, 2008; Horn-
beck, 2012). We show that endogenous responses to electrification ultimately led to per-
sistent differences in long-run outcomes even after the technology was universally adopted.
These findings also complement previous studies that document persistent effects of tem-
porary natural advantages and place-based policies (e.g., Bleakley and Lin, 2012; Kline and
Moretti, 2014). This study adds electrification to a list of large scale infrastructure projects
that have a transformative impact on the local economy such as major railways (e.g., Haines
and Margo, 2008; Atack et al., 2010; Atack, Haines, and Margo, 2011; Atack and Margo,
2011; Banerjee, Duflo, and Qian, 2012; Donaldson, 2013; Donaldson and Hornbeck, 2016),
highways (e.g., Baum-Snow, 2007; Michaels, 2008; Duranton, Morrow, and Turner, 2014;
Faber, 2014), and dams (e.g., Duflo and Pande, 2007; Strobl and Strobl, 2011; Lipscomb,
Mobarak, and Barham, 2013; Severnini, 2014).

This paper also proposes a new determinant of U.S. suburbanization. Baum-Snow (2007)
provides evidence that the construction of the interstate highway system caused suburban-
ization. Boustan (2010) shows that the postwar suburbanization was a “white flight”. We
argue that rural electrification influenced the geographic pattern of suburbanization by
resolving a coordination problem during a period of high population mobility.'°

The paper proceeds as follows: Section 2 provides a historical background about the
rural electrification in the U.S. Section 3 introduces a conceptual framework to highlight
potential effects of rural electrification on local economies. Section 4 describes the data

used in our analysis. Section 5 presents our empirical strategy to examine the impact of

0The role of electrification in driving suburban expansion has been recognized by both historians and
the media. Nye (1993, p.327) argues that “because of electricity, for the first time rural domestic working
conditions were roughly similar to those in the city. This new equivalence encouraged urban deconcentration,
and Americans moved farther and farther away from the city as rural areas were electrified... The result was
not a pastoral utopia like Howell’s Altruria, but rather the sprawling “crabgrass frontier” of an extended
suburbia.” Similarly, a 1984 New York Times article on the long-run impact of federal subsidies to rural
electrification cooperatives states “While the county still has wide expanses of farmland, many of the co-ops’
newer customers live among the subdivisions and the tract home developments that have grown up over
the past decade in rural Johnson County, marking the southern reach of Indianapolis’s suburban sprawl”
(Schmidt, 1984).



rural electrification in the short and long run. Section 6 reports our results, and provides

interpretation in light of the conceptual framework. Section 7 offers concluding remarks.

2 Historical Background

In this section, we describe the increase in rural electricity access between 1930 and 1960.
We also document the expansion of the U.S. power grid during this period, and discuss its
impact on rural electrification rates. Finally, we draw on a unique historical case study of

rural electrification to discuss the potential uses of electricity on the farm.

2.1 Rural Electrification in the U.S.

Electrification in urban and rural areas occurred in distinctive periods. Figure 1 reports
electrical services for nonfarm and farm households between 1900 and 1960. The fraction
of urban households with electricity rose sharply during the first three decades of the 20th
century. By 1930, 85 percent of urban and rural non-farm residents were wired for electricity,
and virtually every major city and town was electrified. Meanwhile, fewer than 10 percent
of farms were electrified by 1930. Over the next 25 years, there was a sharp increase in
rural electrification rates, with the proportion of farms with electrical services reaching 95
percent in 1955.

Throughout the 1920s, private power companies were reluctant to supply electricity to
rural areas due to a widely held view of high infrastructure costs per customer. As one
publication described, “[a] mile of distribution line can serve 50 to 200 customers in a city;
in the country the average is three customers to a mile” (General Electric Digest, April
1925). These beliefs were reinforced by several well-publicized experiments in the 1920s,
which found that it was unprofitable to extend services to rural customers.!'!

During the 1930s, the federal government introduced several programs to promote rural

electrification. In 1933, the Roosevelt administration created the Tennessee Valley Author-

"For example, the National Electric Light Association (NELA) supervised the construction of twelve
rural lines in 1923 to serve 359 families. The experiment lost $8,000 on a $94,000 investment (NELA, 1925).



ity (TVA), which offered local rural residents access to low cost electricity, and by 1952 the
TVA was supplying electricity to 175 counties in seven states (Kitchens, 2014). In 1935,
the Rural Electrification Administration (REA) was established. This agency provided
low-interest loans for the construction of power lines into rural areas and to wire farms
for electricity. Over the next 25 years, the REA funded over 1.4 million miles of distribu-
tion lines, and serviced over 4.8 million rural customers (Historical Statistics of the U.S.,
1976).12 These programs, combined with the gradual expansion of rural services provided

by the private sector, led to large increases in the proportion of farms that were electrified.

2.2 Expansion in the U.S. Power Grid and Rural Electricity Access

In the early 20th century, electricity was produced and consumed locally. Limitation in
transmission technology meant that generation needed to occur near the site of consumption,
and power plants were typically built near urban areas with virtually no interconnection of
the power grid across markets. As transmission technology improved, electric utilities were
less constrained in the siting of power plants.'> In the years after World War I, electric
utilities began integrating power plants into a grid that supplied multiple markets, allowing
them to smooth across local peaks in electricity demand and increase overall reliability of
services (Hughes, 1993, p.324). With this shift, new power plants were increasingly built
outside of urban areas (see Figure A.1).

Advances in transmission technology also allowed power plants to be sited increasingly
on the basis of cost considerations. In a summary of numerous technical reports from
the 1920s, Hughes (1993, p.370) argues that a key objective for large power plants was
“massing the generating units near economical sources of energy and near cooling water”
and “transmitting electricity to load centers” using high voltage transmission lines. Local
characteristics were a key determinant of the construction costs and ongoing operating costs

of power plants. Coal-fired plants accounted for three-quarters of electricity generation

20ther major federal projects, such as the Bonneville dam power plant, offered new sources of electricity
to rural residents.

13Maximum transmission voltages increased from less than 50 kilovolts in 1900 to over 150 kilovolts in
the 1920s (Casazza, 2004, p.10).



during this period (Historical Statistics, 1976, p.820). In 1930, roughly 1.6 pounds of
coal was burned for each kilowatt-hour of electricity generation (Historical Statistics, 1976,
p.826). Thus, a 30 MW coal-fired power plant operating at full capacity would have burned
over 500 tons of coal per day. Plant operating costs depended on the distance coal had
to be shipped, since freight costs typically accounted for two-thirds of the total cost of
shipped coal (Electrical World, 1938). Access to a large supply of water for coolant was
also essential to coal-fired power plant efficiency.'* There were even greater constraints on
the siting of large hydroelectric power plants. These plants needed to be located at a narrow
point along a river that had a consistent water flow throughout the year and a sufficient
gradient.

Figure 2 reports the map of power plants that opened before 1930 and power plants
that opened between 1930 and 1960. There were strong regional patterns in power plant
construction. In 1930, there had already been substantial development in the Northeast and
in California, although few plants had been built in the Midwest or South. Between 1930
and 1960, more than 600 large power plants opened. New plants continued to be opened
in the West throughout the Northeast. There was also significant development throughout
the South and Midwest, and by 1960, there was wide coverage throughout the country.

The non-uniform expansion of the power grid led to differential changes in the cost of
extending rural electricity access. Rural demand for electricity was far too small to have
influenced the siting decisions of these large plants — the typical power plant would have
produced roughly 10 times the amount of electricity that could have been consumed by all
potential rural customers.'® Nevertheless, once built, these plants had a significant impact
on rural electricity access. Proximity to power plants was an important determinant of
access, given that electric utilities were responsible for the construction and maintenance

of transmission lines, and power losses are a function of transmission distance. Moreover,

Y For every pound of coal, 400 pounds of cooling water were used, and water temperature played a crucial
role in the performance of steam turbines (Hughes, 1993, p.306).

15This calculation is based on an average household electricity consumption of 3,854 kWh per year
(Historical Statistics, 1976, p.828), and the assumption that each power plant serviced all rural customers
within a 60 mile radius.



proximity to the grid was a key determinant of REA loan approval, which hinged on the
cooperative’s ability to secure low cost wholesale electricity rates (Fishback and Kitchens,

2015).

2.3 Uses of Electricity on the Farm and in the Home

Electricity offered a range of benefits to farm production. By 1960, more than 100
different types of farm machines driven by electric motors were in use on American farms.
Electric milking machines reduced milking time by 50 percent and directly pumped milk
into cooled storage tanks which reduced spoilage (Nye, 1990). Electric heaters and lights
improved chicken and egg production. In Western states, access to pumped water led to
large increases in farm irrigation.

Electricity also brought many benefits to rural households. Electric lighting extended
the day and reduced exposure to smoke from kerosene lamps. Electricity provided access to
a range of labor-saving appliances, which dramatically reduced the time of home production.
Evidence from historical time use studies suggest that washing machines alone saved roughly
nine hours per week on housework, and pumped water saved rural housewives from walking
roughly one mile per day to collect water (USDA, 1944; Wilson, 193-).16

Federal programs that provided widespread consumer credit allowed virtually all Amer-
ican households, including low income households, to take advantage of this new technol-
ogy. In 1934, the federal government established the Electric Home and Farm Authority
(EHFA), and the Federal Housing Administration (FHA). The EHFA provided low-cost and
long-term financing services to consumers who bought tested and labeled appliances, and
purchased electricity from utilities whose rates were approved by the Authority. The goal of
the EHFA was to overcome the “four main obstacles to widespread utilitization of electric
power: high electric rates, high appliance costs, high finance charges, and the ‘public’s lack

of information relative to the use of electricity and electrical appliances™ (Coppock, 1940,

Despite major changes in household technologies, time spent in home production remained roughly
constant between 1920 and 1960 (Ramey, 2009), and that time savings was reallocated towards investment
in child health (Lewis, 2016b).



p.11). Approximately 3 million rural customers were eligible for loans under the EHFA.'7
The FHA also provided home rehabilitation loans under Title I of the National Housing Act,
that could be used for electric wiring upgrade, retrofit, and the purchase of modern appli-
ances. Historians have emphasized the importance of this program in allowing low income
households to take full advantage of the benefits associated with electrical modernization
(Tobey, 1996). Between 1934 and 1937, the FHA insured about 1,450,000 modernization
loans.'® Roughly two-fifths of the loaned funds were used for the purchase and installa-
tion of equipment and machinery, while three-fifths went for home additions, alterations, or
repairs.

The wide range of new technologies afforded by electrification and the way in which
they might interact makes it is difficult to establish the specific channels through which
electrification affected production on the farm and in the home. Nye (1993, p.327) argues
that “electrification’s usefulness on the farm, as in the factory, was hard to quantify or
specify, because so many changes in productivity and efficiency occurred when all the various
forms of electrification were combined.”

The “Red Wing Project”. To provide case study evidence on the potential uses of
electricity on the farm, we collected data from the Red Wing rural electrification project
(Stewart, Larson, and Romness, 1927). The Red Wing Project ran from late 1923 to early
1928 in Red Wing, Minnesota. Eight participating farms received electrical services along
with free access to a variety of household appliances and electrical farm equipment (see Table
A.1 for the list of appliances and equipment).!® We collected monthly data on electricity
consumption by specific appliance and farm machinery for Red Wing participants.

Figure 3 shows the monthly pattern for farm, home, and basic (lighting and pumping)

electricity consumption. Household and basic electricity accounted for 70 percent of farm

"The typical down payment for appliance purchases was 15 percent of the average cash selling price.
The average length of the contract was 30 months, and the average monthly payment represented less than
5 percent of the monthly income for the majority of the beneficiaries (Coppock, 1940).

18 Although insured loans could run as long as 5 years, the average duration was 30 months.

9The project was run by the University of Minnesota in collaboration with the local power company
and manufacturers of electrical equipment and appliances. The local power company set a service charge of
$6.90 per month plus 5 cents per kWh for the first 30 kWh, and 3 cents per kWh for additional use. These
rates were set to cover overhead and all variable costs based on an average of three customers per mile.

10



consumption.?’ Household electricity consumption was relatively stable throughout the
year, except for seasonality in refrigerator use. Farm consumption displayed the greatest
variability, peaking during the harvesting season for barley, corn, oats, and wheat, around
August-September in Minnesota (USDA, 1997).

Total electricity consumption among Red Wing participants was 50 percent higher than
initially predicted, exceeding the national average of 35 kWh per month (U.S. Census Bu-
reau, 1976).2! Electricity consumption was concentrated in the home and remained fairly
stable throughout the year, mitigating the challenges of providing electricity to meet vari-
able loads. The results of the Red Wing Project were influential in the federal government’s
decision to support rural electrification, by suggesting that electricity was highly valued on
the farm, and casting doubt on the long-held view that it was uneconomical to expand rural

access.

3 Conceptual Framework

We outline a conceptual framework to guide our interpretation of the local impacts of
rural electrification. In the short run, prices respond immediately to electricity access, even
though cross-county mobility may be limited. In the long run, all factors adjust to the new
technology, and worker sorting may have first-order implications for welfare.

Short-Run Effects of Rural Electrification. The standard Rosen-Roback spatial equilib-
rium model (see details in Appendix A.2) can be used to evaluate the benefits associated
with rural electrification through its impact on local property values and wages (Rosen,
1979; Roback, 1982). There are a large number of counties, each with a fixed supply of
land. Two sectors (agriculture and industry) produce tradeable goods using labor and land
as inputs. Workers supply labor, and have preferences for a composite consumption com-

modity, residential land, and housing quality. Workers and firms are freely mobile across

20There were large differences in electricity use across farms. The farm share ranged from 0.07 to 0.48,
primarily because of differences in the intensity of dairy production.

21The large gap can likely be attributed to the fact that households in the Red Wing Project were
provided free access to a range of appliances. Meanwhile, prior to widespread credit under EHFA and FHA,
the median electrified American home owned only a single major appliance.

11



sectors and counties, and land values and wages are set such that all markets clear.

Rural electrification is assumed to affect the local economy through two potential mech-
anisms: 1) increases in the productivity of the agricultural sector, and ii) improvements in
the quality of rural housing. These two mechanisms will increase demand for farmland and
attract workers and producers to the rural sector. The relative impacts of rural electrifica-
tion on land prices and total farmland depends on the supply elasticity of rural land.??

The relative impact of electricity access on land values and wages can be used to iden-
tify the benefits to rural communities driven by increases in agricultural productivity and
improvements in the quality of rural housing. An increase in agricultural productivity will
drive up local land values and the cost of rural housing. In the absence of improvements
in rural housing quality, workers must be compensated for these costs with a higher wage.
Similarly, improvements in the quality of rural housing will drive up local land prices.
Without improvements in agricultural productivity, producers must be compensated for
the increase in costs through lower wages, which workers will be willing to accept given the
improvements in local rural housing quality.

Figure 4 provides a graphical representation of the predicted local impact of rural elec-
trification. The downward-sloping curve denotes combinations of wages w and rental rates
g that equalize unit costs C at a level of electricity access e. The upward-sloping curve
denotes the combinations of w and ¢ for a level of electricity access, e, for which worker’s
indirect utility is constant and equal to the outside option of moving to another county, V*.
The initial spatial equilibrium occurs at the intersection of these two curves at prices wy
and gg. Improvements in agricultural productivity associated with electrification will lead
to a rightward shift of the unit cost curve. If workers do not benefits from improvements
in housing quality, they must be compensated for the increase in housing costs with higher
wages, and the new equilibrium is characterized by the intersection between the original
indirect utility curve and the new unit cost curve with higher land prices and higher wages.

Conversely, improvements in housing quality will lead to a leftward shift the the indirect

22If the supply of rural land in inelastic, rural electrification can lead to large increases in land prices
without having effects on total farmland.

12



utility curve, and equilibrium will be restored at higher land prices and lower wages. The
model delivers two simple equations based on reduced form impacts of rural electrification
on local land prices and wages that allow us to decompose the benefits to rural communities
driven by increases in agricultural productivity and improvements in rural housing quality.

Rural electrification can also affect the industrial sector through changes in local prices.
On the one hand, the rise in local property values may crowd-out activity in the industrial
sector. On the other hand, an expansion in the agricultural sector could positively affect
the non-agricultural sector through either production complementarities or increased de-
mand for local non-tradeable goods. Thus, the overall effect on non-farm population and
employment is ambiguous.

Long-Run Impact of Early Rural Electrification. In the short-run, rural counties that
gained early access to electricity are predicted to have experienced a relative expansion.
It is theoretically ambiguous, however, whether these initial advantages persisted in the
post-1960 period, after the country was fully electrified.

In spatial equilibrium models that feature local congestion costs, early and late electrify-
ing rural counties should return to their initial population distributions after the technology
becomes widely available and the temporary local advantage is eliminated. This situation is
likely to arise in settings with homogeneous preferences over neighbors and local amenities,
and weak economies of density. The speed of adjustment back to the long-run equilibrium
will depend on whether early electricity spurred endogenous local investments. Historians
have emphasized the importance of electrification for broader investments in housing qual-
ity. For example, Tobey (1996, p.138-139) argues that “electrical modernization was not
piecemeal; it led to the whole renovation of the home to bring the quality of living in it
up to the electrical standard.” The initial spatial equilibrium will not be restored until
these sunk investments are fully depreciated. Nevertheless, in the long-run the relative dis-
tribution of population across rural counties should eventually be restored to the pre-1930

equilibrium.?3

23This static model does not account for the long-run trends in rural-urban migration. The baseline
prediction should be unaffected, however, since in the long-run, early and late electrifying rural counties

13



Alternatively, the short-term local advantage of early electrification may have persisted
and even magnified in the post-1960 period, when electricity was universally adopted. This
situation could arise if there were coordination problems, heterogeneous preferences over
neighbor characteristics and local amenities, or strong economies of density (Duranton and
Puga, 2004; Behrens and Robert-Nicoud, 2015). Early access to electricity may have helped
resolve a residential coordination failure about where the co-locate (Bleakley and Lin, 2012).
The expansion in rural electrification occurred during a period of high geographic mobil-
ity and rapid suburbanization.?* The temporary local advantage may have concentrated
mid-20th century suburbanization into specific rural counties. Assuming there were fixed
costs associated with establishing new suburban communities, and provided that congestion
costs were not too large, locations that electrified early could continue to attract suburban
residents and experience persistent economic growth even after the country was fully elec-
trified.

The mid-20th century geographic mobility featured an important demographic com-
ponent, as predominantly white populations moved to suburban areas (Boustan, 2010).
These preferences to sort across communities on the basis of socioeconomic characteristics
such as a race and education levels may have reinforced the incentive to co-locate and ul-
timately determined the long-run spatial equilibrium (Behrens, Duranton, Robert-Nicoud,
2014; Behrens and Robert-Nicoud, 2015).2> Moreover, if preferences for local amenities
vary by socioeconomic status (Diamond, 2015), endogenous investment in local infrastruc-
ture could magnify the sorting response, as individuals select into communities on the basis

of their desired levels of local amenity.26

should be affected similarly by this trend and thus should maintain stable relative populations.

24Tn 1950, the fraction of the U.S. population that lived in rural areas and central cities was 36 percent
and 30 percent, respectively. By 1990, those fractions were 25 percent and 15 percent.

25There is growing evidence that temporary historical determinants can lead to persistent sorting across
neighborhoods (see Lee and Lin, 2013; Villarreal, 2014; Brooks and Lutz, 2016; Heblich, Trew, and Zylberber,
2016).

26There is a large literature documenting Tiebout sorting on the basis of local amenities such as public
school quality (Black, 1999; Bayer, Ferreira, and McMillan, 2007), and environmental air quality (Banzhaf
and Walsh, 2008; Heblich, Trew, and Zylberberg, 2016).
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4 Data

Historical county-level data from 1930 to 2000 are drawn from the Censuses of Agricul-
ture and Population (Haines and ICPSR, 2010; DOC and ICPSR, 2012). The main variables
of interest include population (total, rural farm, rural non-farm, and urban); employment
(total and by sector), farm characteristics (farm revenue, number of farms, farmland, and
farm size), property values (value of farmland and farm buildings, median dwelling value,
and median dwelling rent), and income proxies (retail sales per capita, and payroll per
worker in agriculture, manufacturing, and retail sectors).

To construct a measure of electricity access, we rely on a series of seven maps produced
by the Federal Power Commission in 1962 (FPC, 1963). These maps identify the location
of all power plants in the U.S., along with various plant characteristics. To limit concerns of
endogenous power plant siting, we restrict the sample to large power plants with at least 30
megawatts of nameplate capacity. Using GIS software, we digitize this information, and link
it to historical information on the timing of plant openings to construct a panel of plants
for the period 1930 to 1960. We combine these data with county longitude and latitude, to
construct a decadal variable for county-centroid distance to the nearest power plant. The
empirical analysis uses county-centroid distance to the nearest power plant as a measure of
electricity access.?”

The main sample is a balanced panel of 2,162 counties that were at least 50 percent
rural and within 200 miles of a power plant in 1930.2% Figure 5 displays the sample counties
shaded based on the change in distance to the nearest power plant between 1930 and 1960,

with darker shades denoting larger decreases in distance.

2TThe identifying assumptions for the empirical analysis are discussed in Section 5.

28We restrict the sample to counties within 200 miles of a power plant in 1930 to limit misspecification
due to the fact that changes in distance will have little impact on electricity access if a county is too far from
a source of generation. From an initial sample of 3,182 counties, we drop 475 non-rural counties, we drop
an additional 239 counties that were not located within 200 miles of a power plant in 1930, and we drop an
additional 306 counties for which data was missing on main outcomes variables.
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5 Empirical Framework

We adopt two complementary empirical approaches to examine the short-run impact of
rural electrification and the evolving long-run impact on the local economy. In both cases,
our empirical strategy relies on cross-county differences in the timing of electricity access.

To study the immediate effects we regress each outcome variable Y in county ¢ and time
t on distance to the nearest large power plant, Dist P P30, county fixed effects, 7., and state-
by-year fixed effects, Ag;. We also include a vector of baseline county characteristics (total
population, fraction white, agricultural employment, and manufacturing employment, all
measured in 1930, along with county-centroid latitude and latitude, and an indicator for
whether the county was located within 60 miles of an MSA in 1930), X 1930, interacted with
year fixed effects. These covariates allow for differential trends in outcomes across counties
according to these initial conditions. The estimating equation also includes an error term,

€ct, and is given by

Yoo = BDistPP30c + ne + Ast + 01X 1930 + €ct- (1)

The variable Dist P P30 is measured in the negative of distance in tens of miles to reflect
increases in electricity access. The coefficient 5 captures the reduced form impact of a 10
mile decrease in power plant distance on contemporaneous decadal changes in the outcome
variable across counties in the same state that trended similarly according to observable
baseline characteristics.

To study the longer term adjustments to rural electrification, we identify “early access”
counties as those that experienced the majority of the reduction in distance between 1930
and 1940, and “late access” counties as those that experienced the majority of the reduction
in distance between 1940 and 1960.2 To identify the impact of large increases in electricity

access, we restrict the sample to rural counties that experienced above-median decreases

2 Quantitatively similar estimates are found when “late access” is calculate for the period 1950 to 1960
(reported in Table A.2).
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in power plant distance between 1930 to 1960, and compare relative changes across early
and late access counties for the period 1960 to 2000.39 Formally, outcome Y is differenced
from its value in 1930 and regressed on a county indicator for early access, FarlyAccess,,
state-by-year fixed effects, Ay, 1930 county characteristics, X 1930, interacted with year

fixed effects, and an error term, €.:

Yer — Yo 1930 = BiEarlyAccess. + Agt + 01 X¢1930 + €ct- (2)

Notice that the effects of early electricity access are allowed to vary by year. Each estimated
coefficient 3, captures the average change in outcomes from 1930 to decade t for counties
with early access relative to counties with late access to electricity, in the same state that
trended similarly according to baseline observable characteristics.>! Because both early and
late access counties were fully electrified by 1960, the estimates in equation (2) allow us to
assess whether the timing of rural electrification had persistent effects on the local economy,
where §; > 0 implies amplification over time, §; < 0 implies reversal, and §; = 0 implies
constant effects over time. For statistical inference, standard errors are clustered at the
county level to adjust for heteroskedasticity and within-county correlation over time.3?
The identifying assumption for the empirical analysis is that outcomes in rural counties
in the same state would have trended similarly in the absence of changes in electricity
access.?3 This assumption is supported by three main pieces of evidence. First, the historical

narrative that indicates that the siting decisions of large power plants were made primarily

on the basis of local geographic and topological conditions that influenced construction and

30Similar estimates are found when the full sample of rural counties are included (see Table A.2).

31For this class of regression, in which the sample is balanced and the regressors are fully interacted
with each time period, differencing the data and including county fixed effects yield numerically identical
coeflicients (as in the case of two time periods). Differencing is more efficient when the untransformed
error term is closer to a random walk, the differenced coefficients are easier to interpret, and differencing is
computationally faster (see Hornbeck, 2012).

32Conley (1999) standard errors were also estimated for changes in key outcomes from 1930 to 1960 to
allow for spatial correlation in the outcomes across counties. Conley standard errors were similar to the
county-level standard errors. Relative to county-clustered standard errors, the increase in Conley standard
errors for Dist PP30 ranged from -4 to 23 percent for a 100-mile cutoff.

33In practice, this assumption must hold only after controlling for differential trends according to geog-
raphy and baseline county demographic, economic conditions.
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operating costs, and a desire to develop an interconnected power grid across multiple urban
areas, rather than a desire to serve sparsely population rural areas (Hughes, 1993; Casazza,
2004).34

Second, given typical electricity consumption on the farm and in the home, and low
rural population densities, rural demand accounted for only a small fraction of the total
electricity produced by these large power plants. Among the power plants used in the
empirical analysis, rural consumption accounted for less than 10 percent of total electricity
generation. Thus, it is highly unlikely that these large power plants would have been built
in response to changes in rural demand for electricity.

Third, neither the timing nor the magnitude of changes in county distance to power
plants between 1930 and 1960 were related to the baseline demographic and economic con-
ditions of rural counties. Table 1 reports mean county characteristics in 1930 (column 1) and
the logarithm of within-state differences in baseline characteristics for rural counties that
experienced above-median relative to below-median decreases in distance to power plants
from 1930 to 1960.3° We report these estimated differences separately for rural counties
that gained early access (column 2) and late access (column 3). Panel A shows that future
expansions in electricity access were generally unrelated to baseline farm outcomes. Coun-
ties that experienced large decreases in power plant distance tended to have larger average
farm size, consistent with expansion of the power grid into less densely populated areas.
Panel B reports baseline differences in rural population and employment characteristics.
Again, there were few systematic differences across rural counties according to the mag-
nitude of future decreases in power plant distance. If anything, counties that experienced
large decreases in distance were somewhat less populous, had less manufacturing employ-
ment, and were more non-white. Column 4 reports the difference in the estimates across

early access (column 2) and late access (column 3) rural counties. There were no significant

34n fact, Morton (2000, p.29) notes that “private utilities insisted that extending service to these rural
customers would be unprofitable.” Moreover, at a cost of $7,200 (1990 USD) per mile (Beall, 1940), it was
far cheaper to extend rural lines than to build power plants to meet rural demand.

35Notice that this test of baseline characteristics in levels is more stringent than the identifying assumption
that rural counties would have trended similarly in the absence of rural electrification.
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differences in the baseline characteristics according to the timing of rural electricity access.
Importantly, the fixed-effects specification controls for any baseline differences across rural
counties, and the 6; X, 1930 covariates allow rural counties to trend differentially according

to observable baseline conditions.

6 Results

6.1 Short-Run Effects of Rural Electrification
6.1.1 Effects on population, employment, and farm output

Table 2 reports estimates of the direct effect of rural electricity access on the rural
sector. Columns (2)-(5) report coefficients of DistPP30 estimated by equation (1) across
several different specifications. Column (2) includes county and year fixed effects and a
linear state trend to allow for different long-run trends across states; in column (3) we add
controls for county longitude, latitude, and proximity to MSAs interacted with year, to
allow for differential trends based on geography; in column (4) we add controls for baseline
demographic and economic characteristics interacted with year fixed effects; and in column
(5), we replace the state trend with state-by-year fixed effects.

Panel A reports the estimates for rural population and agricultural employment. Across
a range of specifications, access to electricity is associated with significant increases in farm
population and agricultural employment. The preferred estimates imply that a one standard
deviation increase in electricity access is associated with a 2 percent increase in rural farm
population and a 4 percent increase in agricultural employment. These results suggest
that electrification slowed the pace of rural population decline. In sample counties, over
four million workers left the agricultural sector between 1930 and 1960. Had electricity
infrastructure remained at the 1930 level, an additional 200,000 workers would have left the
sector.

Panel B reports estimates for agricultural output. The results suggest that electricity

access led to an expansion in agricultural output. Decreases in power plant distance are
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associated with significant increases in farm revenue. This increase in farm output was
driven both by a response on the extensive margin — electricity access led to increases in
the number of farms and total county land devoted to agriculture —, and a response on
the intensive margin — electricity access is associated with increases in average farm size
and greater adoption of tractors. These results are consistent with evidence on the effects
of the REA on farm output in the 1930s (Fishback, and Kitchens, 2015), and the role of
the tractor in mid-20th century American agricultural development (Olmstead and Rhode,
2001; Steckel and White, 2012).

Rural electrification could generate either positive or negative employment spillovers.
An expansion in the agricultural sector could support broad local economic development
through positive productivity spillovers and/or increased demand for locally-traded goods,
or it could crowd-out non-agricultural production. To explore this question, Table 3 reports
the broader effects of rural electrification on the local economy. Panel A shows that expan-
sions in rural electricity access had little impact on total county population. Similarly, we
find that the relative expansion in agricultural employment is roughly offset by a decline in
manufacturing employment, leaving overall employment unchanged. Panel C reports the
effects of rural electrification on socioeconomic characteristics of the local population. There
is no evidence that rural electrification influenced the pattern of migration in the short-run.
Key indicators of the composition of the local population (fraction white, fraction with a
high school diploma, and retail spending) are unrelated to changes in electricity access.
Together these results suggest that, in the short-run, rural electrification slowed the pace

of within-county rural-urban migration, but had little impact on cross-county migration.

6.1.2 Effects on property values and income

The expansion in the rural sector could have been driven by improvements in rural
housing quality that slowed the pace of rural outmigration, or increased demand for rural
labor driven by productivity advances on the farm. To shed light on the mechanisms, Table

4 reports the effects of rural electrification on property values and income. Expansions
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in electricity access led to increases in local property values, as measured by farm values,
median dwelling values, and median dwelling rents.? The point estimates are highly sig-
nificant, and imply that a one standard deviation increase in electricity access raised rural
property values by two percent. On the other hand, rural electrification did not influence
local wages, as measured by farm, retail, or manufacturing payroll per worker.

The large increases in property values and limited response in wages are consistent with
a setting in which rural electrification brought benefits to rural residents through both
increases in agricultural productivity and improvements in the quality of rural housing.
These patterns are consistent with a the Rosen-Roback framework in which a change in
local electricity access leads to a shift in both the rural worker’s indirect utility curve and
the rural producer’s cost curve (see Figure 4). In fact, these reduced for estimates can be
applied to calculate the aggregate benefit of electricity to the rural sector, and the fraction
accruing to rural residents and rural producers (see model details in Appendix A.2). The
annual willingness-to-pay for a change in electricity access, de, is given by the sum of the
willingness-to-pay for the non-market amenity, p}, across all rural workers, N R and the
decrease in the unit production costs, C., across all agricultural goods produced in the
county, X according to the following expression:

. dlo
peNR+[_C€XR]:7gq'LR'q7 (3)

where ¢ denotes the annual value of an acre of farmland, L? denotes the total number of
acres used for farming in the county, and % denotes the impact of a change in electricity
access on the logarithm of farmland values.

We combine the estimated impact of electricity access on farmland values (Table 4,
col. 4) with samples means of ¢ and L to calculate the rural willingness-to-pay for

electricity. To derive an explicit measure of de, we rescale the effects by the impact of

36Qeparate data on the values of agricultural land and buildings is not consistently available throughout
the sample period. When these data are separately available, land accounts for the vast majority of total
farm value.
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power plant distance on the fraction of farm households with electricity, m = 0.0025.
The resulting calculations reflect the rural benefits of an increase in the fraction of farms
with electrical services from 0 percent to 100 percent.?” These estimates are combined
with sample means for total acres in farming, L = 306,245, and the mean annual
value of an acre of farmland, ¢ = $12.85.3% We calculate the following annual aggre-
gate willingness-to-pay for both the productivity and amenity benefits of electricity access:
piNE 4+ [ — C.XT] = (0.0050/0.0025) x 12.85 x 306,245 = $7,870,497 per county. This
estimate implies that a typical farm household would have been willing to forgo 41 percent
of annual income to gain access to electricity.

We evaluate the extent to which the benefits associated with electrification were due to
productivity gains or improvements in household amenities. The sum of the amenities to

rural workers can be expressed as follows:

dlogqg dlogw
*nTR . o o N
PN = <kl T T ) w-N (4)

where k; denotes the fraction of the household’s annual budget spent on residential land,
which we set equal to 0.18 based on the fraction of household income spent on rent in the
sample in 1950. The term w is annual rural wages, which we calculate to be $4,393.3° The

term dlgfw is the impact of electrification on local wages, which we set equal to zero given

the insignificant wage effects reported in Table 4. The value associated with household
amenities is given by: p: N = 0.18 x (0.0050/0.0025) x 4,393 x 2,605 = $4, 119, 755. The
estimates imply that rural residents would have been willing to forgo 21 percent of annual
revenue to reside in an electrified home, and that roughly one half of the benefits from
rural electrification occurred through the non-market amenities rather than improvements

in agricultural production.

3"These willingness-to-pay calculations might overestimate the benefits of farm electrification if power
plant distance affected agricultural productivity independently of farm household electrification. For exam-
ple, if increased access to electricity infrastructure spurred investment in other local infrastructure.

38The latter term is derived by annualizing the sample mean value per acre over a 30 year time horizon
with an annual interest rate of 4 percent. All dollar amounts are reported in 1990 USD.

39The rural wage derived assuming a 0.6 labor share in agriculture (Herrendorf and Valentinyi, 2008).
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Given the large benefits associated with rural electrification, it might seem surprising
that individual farms did not electrify themselves. Small diesel generators were available to
meet electricity demands for customers who could not easily connect to the grid, and in the
early 20th century, a number of small isolated municipalities and individual industrial plants
relied on them to produce their own power. Nevertheless, less than four percent of farms
used home generations in 1930, and these were typically used only to meet basic house-
hold needs, such as lighting. The standard 1-kilowatt diesel generator that was typically
purchased by farm households cost between $2,300 and $5,200, and the monthly operating
costs could run from $45 to $450 (Nye, 1990). These costs would have been prohibitively
expensive for the overwhelming majority of farmers.*® On the other hand, the historical
cost of extending the grid ranged from $13,500 to $16,000 per mile in the early 1930s, and
quickly fell to $7,200 under the REA (Beall, 1940). Even at population densities of only 2
or 3 farms per mile, these line extensions could have been easily justified based on the value

of this technology for the rural population.

6.1.3 Sensitivity analysis

In Table 5, we examine the robustness of the main estimates to several alternative
specifications and samples. Column (1) reports the baseline estimates. In column (2), we
add additional controls for baseline rural infrastructure (the fraction of farms with electricity
and the fraction of farms with access to a hard surface road in 1930) interacted with year
fixed effects. These models allow for differential trends in rural outcomes according to these
baseline conditions. In practice, the covariates have little impact on the main results.

Columns (3) - (6) explore the sensitivity of the results to alternative samples. In column
(3), we exclude counties located within 30 miles of a power plant. This sample restriction
addresses concerns that power plants were sited in response to changes in rural demand for
electricity. This restriction also addresses concerns related to emissions from coal-fired power

plants. In particular, pollution from electricity generation has been shown to have negative

1ONye (1990, p.295) argues that less than one in twenty farms could afford to purchase a generator.
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effects on local property values (Clay, Lewis, and Severnini, 2016). In column (4) we drop
counties west of the 100th meridian to address the concern that county-centroid distance to
the nearest power plant is a noisier measure of electricity access in larger western counties.
In column (5) we exclude counties in which more than 25 percent of farms were electrified by
1930, where there was less scope to expand rural access. In column (6) we exclude counties
serviced by the TVA, which provided a range of local infrastructure investments that may
have influenced rural outcomes independently of electrification (Kitchens, 2014; Kline and
Moretti, 2014). The results are not sensitive to these various sample restrictions.

In the final two columns, we further address concerns related to the endogenous siting
of power plants. In column (7), we re-estimated the baseline model using only power plants
with at least 50 MW of nameplate capacity. Locational choices for these large plants is highly
unlikely to have been influenced by rural demand for power. The estimates in column (8)
rely solely on variation in county distance to private power plants. Because private utilities
were less interested in servicing high cost rural customers, the siting of these power plants
should not have been influenced by the characteristics of the rural population. The main

findings are qualitatively similar in both models.

6.2 Long-Run Effects of Rural Electrification
6.2.1 Estimated local impacts of early electricity access

Next, we examine the long-run adjustments to rural electrification. To motivate our
empirical strategy, and assess the validity of the common trends assumption, Figure 5 plots
the estimated (3’s from equation (2). These coefficients capture the change in outcomes in
early electricity access counties relative to late electricity access counties in each census year
for the period 1910 to 2000.*! Panel A graphs the estimates for population and employment,
panel B graphs the effects for property values and income, and panel C graphs the estimates

for rural outcomes.

“1Because equation (2) controls for the outcome variable in 1930, these changes are estimated relative to
1930.
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We find little evidence of pre-trends across early and late electricity access counties. The
estimated (’s are small and generally insignificant prior to 1930, supporting the research
design. Nevertheless, these two groups of counties experienced markedly different trends
post-1960. Early electricity access counties experienced large and persistent growth in pop-
ulation and employment in the post-1960 period. Over time, these counties also experienced
substantial relative increases in property values and modest increases in worker incomes.
This expansion does not appear to have been driven by the rural sector. Early electricity
access counties experienced relative decreases in rural population, agricultural employment,
and total land in farming from 1960 and 2000.

Table 6 reports the estimates of 3 for the post-1960 period. Panel A reports the effects
for population and employment. Early access counties experienced relative population
and employment growth in each decade between 1960 and 2000. By 2000, these counties
were 16 percent more populous relative to late access counties. The last four columns
report the estimates for sectoral employment. Employment growth was not driven by the
agricultural sector. In 1960, relative agricultural employment decreased by 9 percent in early
electrifying counties, suggesting a reversal of the short-run effects. Instead, employment
growth was concentrated in non-traded sectors, and by 2000, relative employment in retail
and construction was 23 percent higher in early electricity access counties.

Panel B reports the results for property values and local incomes. Over time, counties
that gained early access to electricity experienced increases in local property values, and
by 1990, median dwelling values were 10 percent higher than in observationally equivalent
late electrifying counties. Early electrification also led to relative increases in local wages,
as measured by retail payroll per worker and manufacturing payroll per worker. Given the
possibility of long-run worker sorting (see Table 8), the homogeneity assumption underlying
the standard Rosen-Roback framework is unlikely to hold, and relative impacts on local
property values and incomes cannot be directly compared to estimated the long-run welfare
benefits associated with early electrification.

Panel C reports the results for rural outcomes. There is no evidence that population
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growth in early electrifying counties was driven by a long-term expansion of the agricultural
sector. Instead, early electrification led to relative decreases in total farm population and
farmland. Early electrifying counties experienced a temporary relative increase in farm
revenue per worker, which could have been driven by slow-moving investment adjustments
in the agricultural sector. Overall, it appears that the relative expansion in the agricultural
sector was a short-term phenomenon that was reversed within 30 years.

Together, the results in Table 6 suggest that the timing of rural electrification had
persistent impacts on local economic activity. Rural counties that gained early access to
electricity experienced a long-run expansion in population, property values, and incomes,
relative to late access rural counties in the same state that trended similarly on observable
characteristics. The results further show that these effects were driven by expansion that
occurred outside of the agricultural sector, suggesting that early electrification was a catalyst
from broad-based local development. These main findings are robust to several alternative
specifications. In Panel A of Table A.2, we redefine late access rural counties as those
that experienced the majority of the reduction in distance between 1950 and 1960. The
main results remain largely unchanged. In Panel B, we report the estimates for the full
sample of 2,162 rural counties used in the short-run analysis in a triple-difference strategy,
in which early electricity access is interacted with an indicator for counties that experienced
above-median decreases in distance between 1930 and 1960. These difference-in-difference

coefficients display the same qualitative pattern in the 1960-2000 period.

6.2.2 Rural electrification and suburbanization

Differences in the timing of electricity access led to a cross-county divergence in outcomes
that persisted 40 years after the country was fully electrified. Recent research in economic
geography has shown that a temporary shock can permanently alter the location of economic
activity (e.g., Bleakley and Lin, 2012; Kline and Moretti, 2014; Severnini, 2014). This
situation is more likely to arise in settings with increasing returns to density and fixed costs

of relocation. In this case, a temporary local advantage, such as early access to electricity,
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can continue to attract individuals and investments even after the local advantage has been
eliminated. The temporary local advantage can serve as a coordination mechanism in the
selection of a spatial equilibrium, particularly when workers have preferences to co-locate
according to socioeconomic characteristics such as race and education.

The mid-20th century was a period of high population mobility and significant residential
sorting (Baum-Snow, 2007; Boustan, 2010) in which the temporary local advantage of
electricity access was particularly likely to influence long-term economic outcomes through
suburban expansion. Historians have identified the role of rural electrification in suburban
growth. For example, Nye (1993, p.25) argues that “rural electrification both improved
farm life and helped depopulate the farms... with the decline of farm membership and the
rise of suburban areas within its jurisdiction.” To evaluate the role of rural electrification
in mid-20th century suburbanization, we re-estimate a version of equation (2) in which the
impact of early electricity access is interacted with indicators for counties below- or above-
median distance to a metropolitan area in 1930. Intuitively, these models allow the for the
effects of early electricity access to differ across counties that were more or less likely to be
destinations for suburbanization.*?

Table 7 reports the estimated effects of early access across rural counties near and far
from an MSA. The results suggest that the long-term economic local effects of early access
were related to mid-20th century suburbanization. There were sharp differences in the
effects, depending on county distance to a large urban area. In rural counties located near
an MSA, early access led to large increases in population, employment, and property values,
while there was virtually no change in these outcomes in more remote rural areas. In rural
counties near MSAs, early access led to decreases in rural population and total farmland,
but had no consistent lasting impact on farm revenue per worker, suggesting that the
expansion of the suburban population crowded-out agriculture production. Meanwhile, in

rural counties located far from an MSA, early access led to a persistent increases in farmland

42Given limited within-state variation to separately identify the parameters of the generalized model,
we omit trends based on MSA proximity in this specification. Qualitatively similar, although less precise
estimates, are found when these controls are included (available upon request).
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values and farm revenue per worker. This long-run expansion in the agricultural sector may
have been driven by either the gradual adoption of complementary agricultural technologies
(e.g. Assuncao, Lipscomb, Mobarak, and Szerman, 2016) or long-term adjustments in the
quality of land used in agriculture across early and late electrifying counties.

In Table 8, we further explore the mechanisms through which early electricity access
fuelled long-term suburban growth, exploring its impact on measures of local income, cross-
county sorting, and investment in local amenities.*> In rural counties near an MSA, early
electrification had persistent positive effects on local incomes (cols. 1-3), which could reflect
either long-term productivity effects or changes in the composition of the workforce driven
by worker sorting. Columns (4) and (5) show that early access led to increases in the
fraction of whites and increases in fraction of the adult population with a high school
degree. These changes coincide with previous evidence on the demographics of the rising
suburban population (Boustan, 2010), and suggest that the incentive to co-locate on the
basis of race and education reinforced the population response to early electrification. There
is some evidence that these changing demographics stimulated greater investment in local
amenities, as measured by the fraction of new housing starts, and growth in construction
and retail employment.**

Early electricity access appears to have played a significant role in suburban growth dur-
ing the second half of the 20th century. We assess the sensitivity of these results to another
source of suburban growth: the mid-20th century construction of the interstate highway
system (Baum-Snow, 2007). In particular, we re-estimate equation (2), including controls
for a dummy variable indicating whether the 1944 planned interstate route intersected the

45

rural county (Michaels, 2008) interacted with year fixed effects.* Table 9 reports these

results. The bottom panel reports the estimates for the planned interstate. The estimates

43Because we lack information on county income, the fraction of houses built within the previous decade,
and the fraction of adults with a high school diploma in the year 1930, the estimates reported in columns
(3), (5), and (6) are not estimated relative to baseline outcomes in 1930, Yc 1930, although they do include
the rest of the controls reported in equation (2).

“Diamond (2015) also finds evidence of endogenous amenity investments driven by cross-city differences
in the socioeconomic composition of the population.

“*Because early electrification may have influenced future investment in transportation infrastructure, we
do not directly control for the actual highway network.
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suggest that highway construction led to increases in population and employment, but had
little impact on local property values or farm outcomes. Importantly, the inclusion of these
covariates has little impact on the main estimates. Together the estimates suggest that both
transportation and electricity infrastructure had independent effects on long-run population

growth in these rural counties.

7 Conclusion

This paper exploited the historical rollout of the U.S. power grid between 1930 and
1960 to study the evolving impact of rural electrification on local economies. Our empirical
analysis provided evidence that rural electrification led to short-run increases in agricultural
employment, farm population, and property values, but had limited impacts on nonagricul-
tural sectors. The short-run local benefits were driven by both improvements in agricultural
productivity and non-market amenities associated with improved rural housing, and were
estimated to have exceeded the historical cost of extending the grid, even at low population
densities.

In addition to these short-run effects, rural counties that gained early access to electric-
ity experienced long-run economic growth that persisted long after the country was fully
electrified. This long-run expansion was concentrated in nonagricultural sectors, occurred
primarily in rural counties located near metropolitan areas, and was reinforced by worker
sorting. The results suggest that early electrification helped resolve a coordination prob-
lem during mid-20th century suburbanization, which ultimately influenced the long-run
spatial distribution of economic activity. More broadly, the findings show how gradual lo-
cal adjustments to rural electrification can either reinforce or reverse short-run effects, and
highlight the importance of accounting for these long-run responses when making electricity
infrastructure investment decisions.

Our findings have relevance for current policy in the developing world. Recent evidence

from Kenya, for instance, suggests that even in rural communities with high population
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density, electrification rates remain very low, and households appear to be unable or un-
willing to pay the connection cost individually (Lee et al., 2016). Our willingness-to-pay
estimates suggest that credit constraint might be a key barrier, and that government loans
or subsidies for rural electrification to rural populations may offer large welfare gains. This
situation is analogous to the historical U.S., where substantial government interventions
were necessary to provide electricity access to the more rural parts of the country. Our
findings also suggest that investment in rural electrification may be a key catalyst for sub-
urban growth. To the extent that policy-makers in developing countries seek to accelerate
the pace of the rural-urban transition, increased investment in electric grid infrastructure

help achieve this objective.
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8 Figures and Tables

Figure 1: % farm and nonfarm households with electricity
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of the United States, 1976, p.827).
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Figure 2: Large Power Plant Openings, 1930-1960

Note: The figure reports the location of large power plants (>30MW of nameplate
capacity). Red triangles identify power plants in operation in 1930. Blue circle identify
power plants that opened between 1930 and 1960. Source: Federal Power Commission
(1963).
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Figure 3: Electricity Consumption by Category — Red Wing Project, 1925-1927
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art, Larson, and Romness (1927).

Figure 4: The impact of an increase in electricity access on the rural sector

V(w,qh(e1))
q
V(w,q,h(eo))
C(w,q.A(e1))
qo
C(qu'A(eo))
Wo w

39



Figure 5: Sample counties and power plant openings

Notes: The figure presents the 2,162 counties in the sample. Counties are shaded by quartile of change in
power plant distance between 1930 and 1960, with darker shades indicating larger decreases in distance.
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Table 1: County means in 1930, by changes in electricity access 1930-1960

Log differences in outcomes:
Above median vs. below median
A in p.p. distance, 1930-1960

Early Late Difference
Sample mean  Access Acess (2)-(3)
(1) (2) () (4)
Panel A. Farm Outcomes
Agriculture Employment 3,574 -0.017 0.021 -0.038
Rural Farm Population 11,022 0.001 0.010 -0.008
Number of farms 2,283 -0.023 -0.002 -0.021
Farmland, 66.74 0.047* 0.018 0.030
per 100 county acres
Farm Size 180.76 0.091** 0.082%* 0.009
Panel B. Population and Employment

Total Population 22,485 -0.054 -0.041 -0.013
Rural Non-Farm 6,882 -0.038 -0.102** 0.064
Urban 4,582 -0.057 -0.095 0.038
White 19,024 -0.027 -0.069* 0.042
Total Employment 7,832 -0.083** -0.039 -0.044
% Manufacturing 10.12 0.006 -0.092%* 0.099
% Retail 8.35 -0.021 0.013 -0.035
% Construction 4.39 -0.063 -0.010 -0.053
N(counties) 2,162

Notes: Column 1 reports average values for the 2,162 sample counties in 1930. Columns (2) and
(3) report coefficients from a single regression of the county characteristic on dummy variables
for counties with above-median decreases in power plant distance between 1930 and 1960. We
allow this effect to vary according to whether the majority of the decrease occurred early (1930-
1940) or late (1940-1960). Column (4) reports the difference between the coefficient estimates in
columns (2) and (3). *** denote significance of robust standard errors at the 1% and 5% level,

respectively.
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Table 2: The effect of electricity access on rural outcomes

Mean Coefficient on DistPP30:
Dep. Var.  Effect of a 10 mile decrease in p.p. distance
(1) (2) (3) (4) (5)

Dependent Variables
A. Population and Employment

Rural Farm Pop. 8,488 68.6** 38.8** 36.8%* 26.8*
(21.7) (14.2) (11.3) (12.2)
Agr. Employment 2,606 34.2%* 27.5%* 23.4%* 22.7**
(6.4) (5.3) (3.8) (4.1)
B. Agricultural Output
Log Farm Revenue 9.43 0.0070* 0.0059* 0.0060* 0.0071%*
(0.0029) (0.0029) (0.0029) (0.0030)
Number of Farms 1,937 12.92%* 10.29** 9.56** 8.96**
(3.55) (2.91) (2.26) (2.36)
Farmland 306,245 889.8 948.9 953.2 1,016.9
(584.7) (588.1) (589.6) (626.5)
Farm Size 252 5.08 4.42 4.40 4.57
(3.12) (3.07) (3.08) (3.40)
Tractors per Farm 0.59 0.0047**  0.0052**  0.0054**  0.0062**
(0.0017) (0.0018) (0.0018) (0.0019)
County & Year FE Y Y Y Y
Linear State Trend Y Y Y
Geographic Covariates Y Y Y Y
Demographic Covariates Y Y Y
Economic Covariates Y Y
State-Year FE Y

N(Obervations) = 8,648  N(Counties)= 2,162

Notes: All regressions include controls for county and year fixed effects. Each cell reports
the point estimate from a different regression. Geographic covariates are county longitude,
latitude, and proximity to the nearest MSA interacted with year fixed effects. Demographic
and economic controls include total population, fraction white, employment in manufac-
turing, and employment in agriculture, all measured in 1930 and interacted with year fixed
effects. Standard errors are clustered at the county-level. *** denote significance at the
1% and 5% level, respectively.
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Table 3: The effect of electricity access on other local outcomes

Mean Coefficient on DistPP30:
Dep. Var.  Effect of a 10 mile decrease in p.p. distance
(1) ) ) @ )
Dependent Variables
A. Population
Rural Farm 8,488 68.6** 38.8%* 36.8** 26.8*
(21.7) (14.2) (11.3) (12.2)
Rural Non-Farm 9,335 -33.7 -4.4 5.5 1.4
(30.0) (27.2) (27.4) (29.6)
Urban Population 7,345 -116.2 44.5 41.4 48.2
(61.7) (55.2) (52.8) (57.7)
Total 25,168 -81.3 78.9 83.6 76.4
(69.9) (68.6) (65.4) (70.9)
B. Employment
Agriculture 2,606 34.2%% 27.5%* 23.4%* 22.7**
(6.4) (5.3) (3.8) (4.1)
Manufacturing 1,526 -41.6%* -18.3%* -17.8%* -18.3%*
(7.8) (6.8) (6.3) (6.8)
Retail 1,138 -12.69* 3.11 3.22 3.84
(5.32) (4.45) (4.39) (4.77)
Construction 464 -4.06 0.52 0.60 0.99
(2.52) (2.41) (2.40) (2.53)
Total 8,439 -26.2 32.0 30.4 29.7
(28.2) (27.4) (26.6) (27.0)
C. Sorting and Amenities
% White 86.9 -0.050 -0.061 -0.06 3 -0.046
(0.072) (0.071) (0.071) (0.077)
% of 25+ with 26.2 0.224 0.243 0.247 0.457
High School (0.346) (0.365) (0.369) (0.570)
Log Retail Sales 0.86 0.0002 -0.0001 -0.0002 0.0012
per Capita (0.0017)  (0.0016)  (0.0016) (0.0016)
County & Year FE Y Y Y Y
Linear State Trend Y Y Y
Geographic Covariates Y Y Y Y
Demographic Covariates Y Y Y
Economic Covariates Y Y
State-Year FE Y

N(Obervations) = 8,648  N(Counties)= 2,162

Notes: All regressions include controls for county and year fixed effects. Each cell reports
the point estimate from a different regression. Geographic covariates are county longitude,
latitude, and proximity to the nearest MSA interacted with year fixed effects. Demographic
and economic controls include total population, fraction white, employment in manufac-
turing, and employment in agriculture, all measured in 1930 and interacted with year fixed
effects. Standard errors are clustered at the county-level. *** denote significance at the
1% and 5% level, respectively. 44



Table 4: The effect of electricity access on property values and income proxies

Mean Coefficient on DistPP30:
Dep. Var. Effect of a 10 mile decrease in p.p. distance
(1) @) G) @) )
Dependent Variables
A. Property Values
Log Value of Farmland 5.41 0.0060**  0.0056**  0.0057**  0.0050%*
and Farm Buildings (0.0019)  (0.0020)  (0.0020)  (0.0020)
Log Median Dwelling Value 9.87 0.0061**  0.0052**  0.0050**  0.0054**
(Owner-Occupied) (0.0018) (0.0017) (0.0017) (0.0017)
Log Median Dwelling Rent 4.83 0.0049**  0.0038**  0.0039**  0.0038**
(Renter-Occupied) (0.0013)  (0.0013)  (0.0013)  (0.0013)
B. Income Proxies

Log Farm Revenue 1.86 -0.0034 -0.0045 -0.0043 -0.0018
Per Worker (0.0026)  (0.0026)  (0.0026)  (0.0026)
Log Retail Payroll 2.24 0.0015 0.0012 0.0012 0.0016
Per Worker (0.0010) (0.0010) (0.0009) (0.0009)
Log Manufacturing Payroll 2.31 0.0012 0.0016 0.0016 0.0022
Per Worker (Obs=7,465)  (0.0022) (0.0022) (0.0022) (0.0023)
County & Year FE Y Y Y Y
Linear State Trend Y Y Y
Geographic Covariates Y Y Y Y
Demographic Covariates Y Y Y
Economic Covariates Y Y
State-Year FE Y

N(Obervations) = 8,648

N(Counties)= 2,162

Notes: All regressions include controls for county and year fixed effects. Each cell reports the
point estimate from a different regression. Geographic covariates are county longitude, latitude,
and proximity to the nearest MSA interacted with year fixed effects. Demographic and economic
controls include total population, fraction white, employment in manufacturing, and employment
in agriculture, all measured in 1930 and interacted with year fixed effects. Standard errors are
clustered at the county-level. ** * denote significance at the 1% and 5% level, respectively.
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Table 6: Long-run effects of early electricity access

Panel A: Population and Employment Outcomes

Overall Sectoral
Log Log Log Emp. Log Emp. Log Emp. Log Emp. in
Population Employment in Agr. in Mfg. in Retail Construction
(1) 2) 3) (4) (5) (6)
Early Access x
1960 0.0370 0.0349 -0.0856** 0.1199 0.0749 0.1030
(0.0239) (0.0245) (0.0328) (0.0622) (0.0493) (0.0639)
1970 0.0754* 0.0774* -0.0398 0.0826 0.1037 0.1712*
(0.0308) (0.0318) (0.0401) (0.0667) (0.0535) (0.0671)
1980 0.1013** 0.1102%* -0.0188 0.0532 0.1650** 0.1803**
(0.0363) (0.0389) (0.0407) (0.0685) (0.0585) (0.0692)
1990 0.1360** 0.1544%* 0.0103 0.0897 0.2130** 0.2416**
(0.0412) (0.0449) (0.0389) (0.0717) (0.0634) (0.0754)
2000 0.1643** 0.1910** 0.0067 0.1317 0.2365** 0.2593**
(0.0457) (0.0494) (0.0387) (0.0748) (0.0664) (0.0782)
Panel B: Property Values and Income
Property Values Income Proxies
Log Med. Log Med. Log Value Log Retail Log Mfg
Dwelling Value  Dwelling Rent Farmland and Payroll Payroll
(Owner-Occ) (Renter-Occ) Farm Buildings per Worker per Worker
(M) (8) 9) (10) (11)
Early Access x
1960 0.0402 0.0202 0.0122 0.0281* 0.0399
(0.0207) (0.0187) (0.0214) (0.0114) (0.0259)
1970 0.0527* 0.0458* 0.0572%* 0.0296* 0.0469
(0.0243) (0.0195) (0.0217) (0.0133) (0.0250)
1980 0.0694** 0.0521%* 0.0830** 0.0314* 0.0487
(0.0258) (0.0192) (0.0228) (0.0133) (0.0272)
1990 0.0980** 0.0572%* 0.1116** 0.0202 0.0567*
(0.0275) (0.0201) (0.0297) (0.0132) (0.0286)
2000 0.1325%* 0.0323* 0.0638*
(0.0300) (0.0138) (0.0286)
Panel C: Farm Outcomes
Log Farm Log Log Farm Log Farm Rev.
Population Farmland Revenue per Worker
(12) (13) (14) (15)
Early Access x
1960 -0.0681* -0.0676** 0.0223 0.1078**
(0.0282) (0.0227) (0.0206) (0.0331)
1970 -0.0508 -0.0966** 0.1661** 0.2082**
(0.0353) (0.0298) (0.0291) (0.0575)
1980 0.0065 -0.1024** 0.0822 0.0988
(0.0395) (0.0337) (0.0339) (0.0504)
1990 0.0371 -0.1061** 0.0773 0.0739
(0.0397) (0.0347) (0.0352) (0.0512)
2000 -0.1178%* 0.0575 0.0508
(0.0372) (0.0376) (0.0604)

Notes: The sample is restricted to counties that experienced above-median decreases in distance to the nearest
power plant between 1930 and 1960. The variable Early Access is a dummy for counties that experienced the
majority of the decrease prior to 1940. Each column reports the point estimates from a different regression. All
models include the full set of controls reported in Table 2. Standard errors are clustered at the county-level.
** * denote significance at the 1% and 5% level, respectively.
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A Appendix
A.1 Figures and Tables

Figure A.1: Density of Electricity Capacity Around 50 Largest U.S. Cities in 1930 and 1960

Density

T
200

T T T T T T T
25 50 75 100 125 150 175
Distance to City Center (Miles)

Power Plant Capacity (1930)
- Power Plant Capacity (1960)

Notes: This figure reports the density of generated capacity around the 50 largest
U.S. cities in 1930 and 1960. For ease of interpretation, the x-axis is scaled so that a
uniform density within 200 miles of a city would be represented as a horizontal line in

the figure.
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Table A.1: Farm Equipment and Home Appliances — January 1, 1928

Farm 1 2 3 4 5 6 7 8
Farm Equipment

Barn equipment X X
Brooder X X X X X X

Corn sheller X
Feed grinder X X

Feed mill X
Grain elevator

Hay hoist

Husker-shredder

Incubator

Milking machine

Motors X
Pump jack

Root cutter

Silo tiller X
Threshing machine

Ventilating fans X
Wagon box elevator X

Home Appliances
Bathroom equipment
Cream separator
Fans

Fireless cooker X
Frying pan
Griddle

Heater

Hot plate

Iron

Ironing machine
Laundry trays X X
Milk warmer

Oven X
Range X X
Refrigerator X
Sewing machine X
Toaster X
Vacuum cleaner
Washing machine
Water heater
Water softener
Basic Equipment
Lighting X X X X X X X X
Water pump X X X X X X X X

el T A
SR le
el >~
>
lialie Folie

>

eRale Rl
el ol >
Tk KKK M
el als
>
Mok XM >
> >

>
<

SRale

<o

olie
>
>
>
elialie
>
Rl
slalls

Source: Authors’ compilation based on Stewart, Larson, and Rom-
ness (1927).
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A.2 A Two-Sector Rosen-Roback Model of Rural Electrification

To study the effects of rural electrification on local economies in the U.S., we outline a
Rosen-Roback style model with two production sectors (Roback, 1982): rural production
(agriculture), s = R, and urban production (manufacturing), s = U. We consider a setting
with a large number of counties, each with a fixed supply of land. Workers are fully mobile
across counties, but must work in their county of residence. Local labour mobility implies
that urban and rural wages will equalize within each county,*® whereas differences in housing
amenities across urban and rural areas can lead to intra-county differences in land prices.

Workers are assumed to have identical preferences over a consumption commodity, x,
residential land, I, and housing quality, h*. The local wage and rental rate are denoted by
w and ¢°, where the latter may differ across urban and rural areas. The worker’s indirect
utility function, V', depends on prices, w and ¢°, and housing quality, A®. The equilibrium
condition for workers is given by:

V(w,¢°,h*) =v for s€{R,U} (A1)

where v denotes the reservation utility of moving to another county. This condition states
that wages and rental costs must equalize utility across counties and across sectors. Despite
perfect labour mobility, wages need not equalize across counties, due to differences in housing
quality and costs.

In both sectors, firms are assumed to produce a consumption commodity, X*, which is
sold to the world market at a price normalized to one. We assume that X is produced
according to a constant-returns-to-scale production function, X* = f(I°, N, A®%), where [*
denotes land used in production, N® denotes the workers employed in sector, s, and A°
is a sector-specific technology.*” In equilibrium, firm profits must equal zero in all sectors
and counties, otherwise firms have an incentive to relocate. Under the constant-returns-to-
scale assumption, the equilibrium condition implies that the unit cost must be equal to the
output price:

Cw,¢®,A°) =1 for se{R,U}. (A.2)

Equilibrium prices, (w, q", qU), are determined by the local housing amenities, h® and hY,
sector technologies, A% and AY, and the worker’s outside option, v.

A.2.1 The impact of rural electrification on the rural and urban sectors

This simple framework can be used to evaluate the effects of electrification on employ-
ment and population outcomes. Denote e as a measure of local electricity access (e.g. the
fraction of farms with electricity). We assume that rural electrification can potentially affect
the rural sector through increases in agricultural productivity, AR’ (e) > 0, and improve-
ments in rural housing quality, A%’ (e) > 0. On the other hand, urban sector productivity
and housing quality are not directly affected by rural electrification.

46The assumption of common wages can be relaxed to allow for heterogeneous worker productivity across
sectors. In this case, rural electrification has a common effect on local wages, despite the fact that initial
wage levels may differ across sectors.

47Since capital is fully mobile it can be ‘optimized out’ of the location problem.
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Figure 4 depicts the rural equilibrium at an initial level of electricity access, eg.
To simplify notation, the sector superscripts are omitted. The downward-sloping curve
C’(w,q,A(eo)) displays the combinations of ¢ and w that satisfy condition (2) — equating
the producer’s unit cost function to the output price — given agricultural technology, A (eg).
The upward-sloping curve, V(w,q, h(eo)), depicts the combinations of ¢ and w that sat-
isfy the worker’s equilibrium condition at housing quality h(ep), in which indirect utility is
equal to the reservation value of moving.*® Initial equilibrium prices are determined by the
intersection of these curves at (wo, qo).

Consider an expansion in rural electricity access to e;. If electricity improves agricultural
productivity but has no impact on the quality of rural housing — e.g. A(e;) > A(ep) and
h(e1) = h(eg) — then an expansion in access will lead to an influx of agricultural producers
driving up the price of rural land, ¢.*° Because rural workers derive no direct benefits from
this technology, they must be compensated for the increased cost of housing with a higher
wage. This situation is depicted by the upward shift in the firm’s unit cost function to
C (w, q, A(el)). Equilibrium is restored at the point where the new cost curve intersects the
original indirect utility function. In this scenario, rural electrification leads to increases in
local wages and land values. Overall, the rural sector will expand, as will agricultural land
and employment.®”

If electricity access affects rural housing quality but has no impact on agricultural pro-
ductivity, rural workers must compensate producers for the rise in land costs. This situation
is captured by the leftward shift in the indirect utility function to V(w, q, h(el)), in which
rural electrification leads to increases in rural land prices and decreases in wages. Employ-
ment in the rural sector should rise, although it will be somewhat mitigated by increased
demand for land for rural housing.

When electricity access increases both rural housing quality and agricultural productiv-
ity, we should observe large increases in local land prices but ambiguous effects on wages.
In Figure 4, this situation is captured by a shift in both the cost function and the indirect
utility curve. Improvements in housing quality will attract rural workers and improvements
in agricultural technology will attract rural producers, which will drive up local land values.
The net effect on the wage is ambiguous, and depends on the relative size of these two shifts.
Overall, the rural sector should expand, as should agricultural land and employment.

Although changes in rural electrification do not directly impact urban residents or pro-
ducers, they can have indirect effects on the urban economy through local factor prices.
Given a fixed supply of land in each county, an increase in the demand for agricultural land
will drive up the urban land price, ¢V. Local mobility also requires that the urban wage
move in tandem with the rural sector. In urban areas, the rise in housing costs caused by

48The curvature of these functions depends on the degree of complementarity in production (between
labour and land) and utility (between consumption and land).

49The effects on agricultural land price and land use will depend on the elasticity of demand for land in
the urban sector.

50In principle, electricity could lead to a reduction in agricultural employment if it is a “strongly labour-
saving” technology which lowers the marginal product of rural labour (Acemoglu, 2010). Even if electricity is
a capital-augmenting technology (rather than factor neutral), we require both decreasing returns to scale and
a high elasticity of substitution between capital and labour for this situation to arise. Intuitively, given that
electricity increases the total amount of land in farming, strong substitution forces are needed to overwhelm
the upward pressure on employment.
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rural electrification will not be offset by improvements in housing quality or fully compen-
sated by higher wages. As a result, rural electrification should lead to a relative decline in
the local urban population. Moreover, the rise in land and labour costs should lead to a
decrease in urban production. Over time outmigration will offset the upward pressure on
housing prices, restoring equilibrium at lower levels of urban population, employment, and
production.

A.2.2 Calculating the value of electricity to rural producers and rural residents

The previous results can be used to evaluate the amenity and production values as-
sociated with rural electrification. Define p} = V./V,, as the amount of income required
to compensate an individual for a change in electricity access. This variable captures the
amenity value of rural electricity associated with improvements housing quality. Differenti-
ating equations (1) and (2) and solving for dw/de and dg/de it can be shown that:

Pe _ - dlogq dlogw

w Y de de
where k; denotes the fraction of the households budget spent on land. Equation (3) states
that the amenity value of electricity can be calculated based on the relative change in local
land prices and wages. Intuitively, when electricity access leads to large increases in housing
prices relative to wages, workers must directly benefit from this technology. Specifically,
p}/w denotes the percent of income that households would be willing to forgo for access to
electricity. Since kj, dlgfq, and dli}% are observable, this expression can be used to derive
the amenity value of electricity.

Turning to the benefits of electricity for rural productivity, the marginal impact of

electricity on producers’ unit costs, Ce, is given by:

C.—— (ewdlog“’ +0qd1°gq> : (A.4)

(A.3)

de de

where 6,, and 6, are the shares of labour and land in the cost of production. Since all right-
hand-side variables are observable, we can estimate the productivity benefits associated
with rural electrification.

Finally, the aggregate benefit of electricity to the rural sector can be constructed as the
summation of the willingness-to-pay across the rural population, N, plus the cost-savings
across all agricultural goods, X7, as follows:

dq
de
The aggregate willingness-to-pay for electricity is given by the change in rural land prices
times the total land in the rural sector. Because the wage effects on rural workers and
producers exactly offset, this measure does not depend on wages.

piNT 4+ [ - C.xB] = LR, (A.5)
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