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The Effects of Rural Electrification on Employment:
New Evidence from South Africa*

By Taryn Dinkelman*

This paper estimates the impact of electrification on employment
growth by analyzing South Africa 's mass roll-out of electricity to
rural households. Using several new data sources and two differ-
ent identification strategies (an instrumental variables strategy and
a fixed effects approach), I find that electrification significantly
raisesfemale employment within five years. This new infrastructure
appears to increase hours ofworkformen and women, while reduc-

ing female wages and increasing male earnings. Several pieces of
evidence suggest that household electrification raises employment
by releasing women from home production and enabling microen-
terprises. Migration behavior may also be affected. (JEL H54, L94,
L98, 015, 018, R23)

Electricity is pervasive in all industrialized countries and largely absent in the

developing world: about 1.6 billion people worldwide lack access to electricity
(Jamal Saghir 2005). Even though many would consider electricity to be a "marker"
for development, and despite several historical episodes of widespread electrifica-
tion in developed countries (for example, the rural electrification ofAmerica in the

1930s), we know little about the direct effects that new access to modern energy
infrastructure will have on the process of development.

*DepartmentofEconomics and theWoodrow Wilson School ofPublic and InternationalAffairs,Princeton
University,357 Wallace Hall, Prospect Avenue,Princeton,NJ08540 (e-mail: tdinkelm@princeton.edu). This
paper would nothave been possiblewithouttheelectrificationdata and institutionalbackground providedbyindi-
viduals atEskom (JennyBarnard,Sheila Brown,Ed Bunge, InnocentNxele, JimStephenson,StevenTait,and
Amos Zuma) and energyexpertsattheUniversityofCape Town (TrevorGaunt,Gisela Prasad). I am indebted
toAnne Case, David Lam, JamesLevinsohn, JustinMcCrary,JeffreySmith,and GarySolon fortheirvaluable
guidance inthepreparationofthispaper.I am also gratefulforhelpfulcommentsfromLori»Beaman, Diether
Beuermann,Matias Busso, HwaJungChoi, JohnDiNardo, AnnFerris,Raymond Fisman, Ben Keyes, Claudia
Martinez A., Nancy Qian, Dori Posel, Samara Potter-Gunter,Mark Rosenzweig, JamesTybout,RebeccaThornton,
MartinWittenberg,and seminarparticipantsatBrownUniversity,UCLA, UC-Riverside, DartmouthCollege, Duke
University,theHarrisSchool ofPublic Policy atChicago, theHarvardSchool ofPublic Health,theInter-American
Development Bank, theInstituteforInternationalEconomic Studies atStockholmUniversity,theHarvardKennedy
School ofGovernment,theUniversityofKwaZulu-Natal, theLondon School ofEconomics, theUniversityof
Michigan, Michigan StateUniversity,NorthwesternUniversity,theUniversityofNorthCarolina-Chapel Hill,
Pennsylvania StateUniversity,PrincetonUniversity,Resources fortheFuture,Syracuse University,theUniversity
ofWashington-St.Louis, theUniversityofWesternOntario,theUniversityofVirginia,Yale University,and the
WorldBank's Microeconomics ofGrowthNetworkConference (2009). Data collection was fundedthrougha
National Science Foundation Doctoral Dissertation Grant(SES-0649443), and anEva Mueller New Directions in
Demography researchaward.I gratefullyacknowledge supportfromtheFogartyInternationalCenteroftheUS
National InstitutesofHealth (D43TW000657), and thePopulation Studies CenterattheUniversityofMichigan.ŤTo view additionalmaterials,visitthearticlepage at
http://www.aeaweb.org/articles.php7doisl0.1257/aer.101.7.3078.
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The primary objective of this paper is to analyze the impact ofnew access to mod-
ern energy on an outcome of considerable interest: the ability of the poor to use their

labor resources for market production. In this paper, I estimate the causal impact of
household electrification on employment growth in rural communities by analyzing
rural electrification roll-out in postapartheid South Africa. As a second objective, I

investigate the mechanisms through which this new infrastructure affects rural labor
markets. Since energy infrastructure is likely to expand in poor areas over the next

few decades,1 this analysis provides important lessons for many countries as well as
for researchers studying the changing nature of developing country labor markets.

The roll-out of grid infrastructure in South Africa provides a particularly good
opportunity to evaluate the effects of electrification on market employment. It was

rapid, extended into rural areas, and targeted low capacity household use rather than

industrial users (Trevor Gaunt 2003). In 1993, a year before the end of apartheid,
over two-thirds of SouthAfrican households were without electricity and more than

80 percent relied on wood for home production.2 Following the new government's
commitment to universal electrification, 2 million households, or almost one quarter
of all households across the country, were newly connected to the grid by 2001 .This
is twice as many households as the number of US farms connected during the first

five years of Roosevelt's Rural Electrification Act (Robert T. Beali 1940).
Evaluating the effects of this electrification, or of any infrastructure roll-out, is

not straightforward. A large literature on the relationship between infrastructure and
economic growth acknowledges that infrastructure could be targeted towards grow-

ing areas, or towards politically important areas.3 Such selection biases any compar-
ison of electrified and nonelectrified areas, and in unpredictable ways. Confounding
trends in the economy make it even more difficult to tease out the effects of infra-

structure on any economic outcomes.
In this paper, I use two empirical strategies to identify the impact of electric-

ity, taking into account endogenous project placement and confounding economic
trends. In the main approach, I estimate community-level employment growth rates

in communities that do and do not receive an electricity project between 1996 and

2001, instrumenting for project placement. To do this, I collect and match adminis-

trative data on roll-out in rural KwaZulu-Natal (KZN) with geographical data and

two census surveys. I use land gradient to generate exogenous variation in electric-

ity project allocation to communities. Higher gradient raises the average cost of a
household connection, making gradient an important factor in prioritizing areas for

electrification. I argue and provide evidence from a placebo experiment that in the

1WorldBank commitmentstoenergyinfrastructureinAfricarosefrom$447 millionin2001 to$790 million
in2007. TheWorldBank's LightingAfricainitiativeaims toprovide250millionAfricanswithmodernsources of
energyby2030 (EnergyNet Limited 2004, TheWorldBank 2007).2

Jacques Charmes (2005) and Saghir (2005) documentthetimeintensityofhome productionindeveloping
countries.SouthAfricans(mainlywomen) spend onaverage twoworkingdays perweek infuel-wood collection

(Debbie Budlender,Ntebaleng Chobokoane, and Yandiswa Mpetsheni 2001), and ruralhouseholds spend anaver-
age ofthreehoursperdayonfoodpreparation(author's calculations using1997 October Household Surveydata
fromStatisticsSouthAfrica(1997)).

3The traditioninthemacroeconomics literaturehas been toestimatetheeffectsofpublic infrastructureontotal
factorproductivityusingtime-seriesdata.David Aschauer (1989) isa classic reference;see David Canning (1998)
forcross-countryevidence, andJohannesW.Fedderke and Zeljko Bogetic (2009) forSouthAfricanevidence. The
WorldBank (1994) and EmmanuelJimenez(1995) providegood overviews oftheinfrastructureliteraturerelevant
fordeveloping countries.

VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATION ONEMPLOYMENT 3079

The primary objective of this paper is to analyze the impact ofnew access to mod-
ern energy on an outcome of considerable interest: the ability of the poor to use their

labor resources for market production. In this paper, I estimate the causal impact of
household electrification on employment growth in rural communities by analyzing
rural electrification roll-out in postapartheid South Africa. As a second objective, I

investigate the mechanisms through which this new infrastructure affects rural labor
markets. Since energy infrastructure is likely to expand in poor areas over the next

few decades,1 this analysis provides important lessons for many countries as well as
for researchers studying the changing nature of developing country labor markets.

The roll-out of grid infrastructure in South Africa provides a particularly good
opportunity to evaluate the effects of electrification on market employment. It was

rapid, extended into rural areas, and targeted low capacity household use rather than

industrial users (Trevor Gaunt 2003). In 1993, a year before the end of apartheid,
over two-thirds of SouthAfrican households were without electricity and more than

80 percent relied on wood for home production.2 Following the new government's
commitment to universal electrification, 2 million households, or almost one quarter
of all households across the country, were newly connected to the grid by 2001 .This
is twice as many households as the number of US farms connected during the first

five years of Roosevelt's Rural Electrification Act (Robert T. Beali 1940).
Evaluating the effects of this electrification, or of any infrastructure roll-out, is

not straightforward. A large literature on the relationship between infrastructure and
economic growth acknowledges that infrastructure could be targeted towards grow-

ing areas, or towards politically important areas.3 Such selection biases any compar-
ison of electrified and nonelectrified areas, and in unpredictable ways. Confounding
trends in the economy make it even more difficult to tease out the effects of infra-

structure on any economic outcomes.
In this paper, I use two empirical strategies to identify the impact of electric-

ity, taking into account endogenous project placement and confounding economic
trends. In the main approach, I estimate community-level employment growth rates

in communities that do and do not receive an electricity project between 1996 and

2001, instrumenting for project placement. To do this, I collect and match adminis-

trative data on roll-out in rural KwaZulu-Natal (KZN) with geographical data and

two census surveys. I use land gradient to generate exogenous variation in electric-

ity project allocation to communities. Higher gradient raises the average cost of a
household connection, making gradient an important factor in prioritizing areas for

electrification. I argue and provide evidence from a placebo experiment that in the

1WorldBank commitmentstoenergyinfrastructureinAfricarosefrom$447 millionin2001 to$790 million
in2007. TheWorldBank's LightingAfricainitiativeaims toprovide250millionAfricanswithmodernsources of
energyby2030 (EnergyNet Limited 2004, TheWorldBank 2007).2

Jacques Charmes (2005) and Saghir (2005) documentthetimeintensityofhome productionindeveloping
countries.SouthAfricans(mainlywomen) spend onaverage twoworkingdays perweek infuel-wood collection

(Debbie Budlender,Ntebaleng Chobokoane, and Yandiswa Mpetsheni 2001), and ruralhouseholds spend anaver-
age ofthreehoursperdayonfoodpreparation(author's calculations using1997 October Household Surveydata
fromStatisticsSouthAfrica(1997)).

3The traditioninthemacroeconomics literaturehas been toestimatetheeffectsofpublic infrastructureontotal
factorproductivityusingtime-seriesdata.David Aschauer (1989) isa classic reference;see David Canning (1998)
forcross-countryevidence, andJohannesW.Fedderke and Zeljko Bogetic (2009) forSouthAfricanevidence. The
WorldBank (1994) and EmmanuelJimenez(1995) providegood overviews oftheinfrastructureliteraturerelevant
fordeveloping countries.

VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATION ONEMPLOYMENT 3079

The primary objective of this paper is to analyze the impact ofnew access to mod-
ern energy on an outcome of considerable interest: the ability of the poor to use their

labor resources for market production. In this paper, I estimate the causal impact of
household electrification on employment growth in rural communities by analyzing
rural electrification roll-out in postapartheid South Africa. As a second objective, I

investigate the mechanisms through which this new infrastructure affects rural labor
markets. Since energy infrastructure is likely to expand in poor areas over the next

few decades,1 this analysis provides important lessons for many countries as well as
for researchers studying the changing nature of developing country labor markets.

The roll-out of grid infrastructure in South Africa provides a particularly good
opportunity to evaluate the effects of electrification on market employment. It was

rapid, extended into rural areas, and targeted low capacity household use rather than

industrial users (Trevor Gaunt 2003). In 1993, a year before the end of apartheid,
over two-thirds of SouthAfrican households were without electricity and more than

80 percent relied on wood for home production.2 Following the new government's
commitment to universal electrification, 2 million households, or almost one quarter
of all households across the country, were newly connected to the grid by 2001 .This
is twice as many households as the number of US farms connected during the first

five years of Roosevelt's Rural Electrification Act (Robert T. Beali 1940).
Evaluating the effects of this electrification, or of any infrastructure roll-out, is

not straightforward. A large literature on the relationship between infrastructure and
economic growth acknowledges that infrastructure could be targeted towards grow-

ing areas, or towards politically important areas.3 Such selection biases any compar-
ison of electrified and nonelectrified areas, and in unpredictable ways. Confounding
trends in the economy make it even more difficult to tease out the effects of infra-

structure on any economic outcomes.
In this paper, I use two empirical strategies to identify the impact of electric-

ity, taking into account endogenous project placement and confounding economic
trends. In the main approach, I estimate community-level employment growth rates

in communities that do and do not receive an electricity project between 1996 and

2001, instrumenting for project placement. To do this, I collect and match adminis-

trative data on roll-out in rural KwaZulu-Natal (KZN) with geographical data and

two census surveys. I use land gradient to generate exogenous variation in electric-

ity project allocation to communities. Higher gradient raises the average cost of a
household connection, making gradient an important factor in prioritizing areas for

electrification. I argue and provide evidence from a placebo experiment that in the

1WorldBank commitmentstoenergyinfrastructureinAfricarosefrom$447 millionin2001 to$790 million
in2007. TheWorldBank's LightingAfricainitiativeaims toprovide250millionAfricanswithmodernsources of
energyby2030 (EnergyNet Limited 2004, TheWorldBank 2007).2

Jacques Charmes (2005) and Saghir (2005) documentthetimeintensityofhome productionindeveloping
countries.SouthAfricans(mainlywomen) spend onaverage twoworkingdays perweek infuel-wood collection

(Debbie Budlender,Ntebaleng Chobokoane, and Yandiswa Mpetsheni 2001), and ruralhouseholds spend anaver-
age ofthreehoursperdayonfoodpreparation(author's calculations using1997 October Household Surveydata
fromStatisticsSouthAfrica(1997)).

3The traditioninthemacroeconomics literaturehas been toestimatetheeffectsofpublic infrastructureontotal
factorproductivityusingtime-seriesdata.David Aschauer (1989) isa classic reference;see David Canning (1998)
forcross-countryevidence, andJohannesW.Fedderke and Zeljko Bogetic (2009) forSouthAfricanevidence. The
WorldBank (1994) and EmmanuelJimenez(1995) providegood overviews oftheinfrastructureliteraturerelevant
fordeveloping countries.

This content downloaded from
�������������95.94.12.212 on Thu, 15 May 2025 04:34:57 UTC��������������

All use subject to https://about.jstor.org/terms



3080 THEAMERICANECONOMICREVIEW DECEMBER 2011

case of rural KZN, an area with poor agricultural prospects, gradient is unlikely to

directly affect employment outcomes conditional on covariates.
As a complement to the main analysis, I use a fixed effects strategy to estimate

the impact of electrification on a richer set of labor market outcomes: employment,
hours of work, wages and earnings. For this analysis, I construct a four-period

panel ofmagisterial districts (agglomerations of communities) from cross-sectional
household survey data in 1995, 1997, 1999, and 2001 and address nonrandom proj-
ect placement and confounding economic trends by directly controlling for mag-
isterial district fixed effects and trends. This estimates the labor market effects of
electrification using only within-district variation in electrification.

Results from both analyses show that employment in rural KZN increases in the

wake of electrification. Female employment measured in the census rises by a sig-
nificant 9 to 9.5 percentage points (instrumental variable results), which translates
into 15,000 more women participating in the labor force, or 0.75 percent of the esti-

mated 2 million new jobs created across the country over the period (Daniela Casale,
Colette Muller, and Dornt Posel 2004). The fixed effects analysis using household

survey data largely supports these female employment results, although precise infer-

ence is more difficult with the small samples in this dataset. Electrification increases

employment on the intensivemargin forwomen: in districts with the average increase
in electrification over the period (15 percent), women work about 8.9 more hours

per week, a 3.5 percent increase. In both analyses, male employment rises (insignifi-
cantly) in electrifying areas, although to a lesser extent than for females.

Having established that household electrification increases employment in rural

communities, I turn to investigating mechanisms in the second part of the paper. I
first explore the impact of electrification on home production activities and find that

newly electrified communities experience substantial shifts away from using wood
at home, and toward electric cooking and lighting. This suggests that household
electrification operates as a labor-saving technology shock to home production in

rural areas, releasing female time from home to market work.

Second, I rule out the possibility that household electrification stimulated

large scale rural industrialization and hence a shift in labor demand by showing
the absence of cross-community employment spillovers. As further evidence that

electricity stimulated a net increase in labor supply to the market, the fixed effects

analysis indicates that female wages fall (albeit imprecisely) in districts where elec-
trification is expanding more rapidly. This fact is difficult to reconcile with electric-

ity causing large net increases in labor demand.
More plausibly, electricity may have lowered the cost of producing new, home-

based services for the market, thereby presenting individuals with alternative ways
to use their labor time in self employment andmicro enterprises. The data are unable
to provide direct evidence on these mechanisms, but I argue that since employment
results for men and women are not statistically different from each other, it seems
likely that the South African electrification did not exclusively affect rural labor
markets through the channel of freeing time from home production. Rather, the
reduced-form market employment results capture a combination of increased labor

supplied to the market (via the home production channel) as well as increased small-
scale labor demand (via new opportunities for producing new goods and services
for the market).
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A final channel that I investigate relates to migration. I discuss how differential
in- and out-migration affect interpretation of the employment results. I show that

differential in-migration cannot explain all of the employment effects of electrifica-

tion, and I explain how differential out-migration, while substantial, is also unlikely
to account for employment effects, given the profile of out-migrants from rural areas
documented in other datasets and by other researchers. Rather, the migration analy-
sis broadly suggests that people may be induced to stay in or to move towards areas
in which infrastructure is rolling out.

This paper contributes to two literatures. First, it adds to what we know about
the microeconomic effects of physical infrastructure in developing countries, plac-
ing new emphasis on labor market effects in an area that has recently focused on

poverty, health, and education outcomes.4 The results here suggest that studies that

ignore employment effects could be missing important economic impacts, particu-
larly when the infrastructure has a home production bias. Second, the main result
that female employment rises in electrifying areas connects with a large literature

on the effects of changing constraints on women's work in the process of economic

development.5
The paper begins by discussing how household electrification may affect rural

labormarkets through home and market production. Sections II, III, and IV describe
the context of SouthAfrica's electrification, data, and empirical strategies. Section V
presents the main results, while SectionVI investigates the channels through which
electrification affects employment. Section VII concludes.

I. Theoretical Impacts ofHousehold Electrification

New access to household electrificationmay change the nature ofwork in the home
as well as the amount and type of work that can be done in the market. Providing
new public infrastructure to a location also may affect migration of employed and

unemployed individuals. Outlining the form each of these changes may take is

important for interpreting the empirical results in the paper.
To begin, home production activities are important in my study area. Figures 1A

and IB show the fraction of rural African households in KZN reporting different

sources of fuel for cooking and lighting in the 1996 and 2001 census, separately
for communities that get new access to electricity or not during this period. Almost
80 percent of households cook with wood and light their homes using candles in the

mid-1990s. In electrified areas, the fraction of households cooking with electricity
increases almost threefold in five years, while the fraction of households using elec-
tric lighting more than triples.
The labor supply effect of such a shock to the technology of home production is,

however, ambiguous.6With this new technology, householdsbecomemoreproductive

4For example, see DavidCutlerandGrantMiller (2005); Michael Lokshin and RuslanYemtsov (2005); Randall
Akee (2006); EstherDuflo and Rohini Pande (2006); AbhijitBanerjee, Duflo,and Nancy Qian (2007); Rocio
Titiuniketal. (2007).

See, forexample, Claudia Goldin (1995); Goldin and Lawrence Katz (2000); KristinMammen and Christina
Paxson (2000); JeremyGreenwood,AnanthSeshadri, and Mehmet Yorukoglu (2005); Martha Bailey and William
Collins (2010); and Daniel Coen-Pirani, Alexis Leon, and Steven Lugauer (2008).6GaryBecker (1965) and Reuben Gronau (1986) providethecanonical models ofhome production,within
whichthelabor supplyeffectsofa shock tohome productiontechnologycan be showntobe ambiguous.
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Figure 1.Changing Home Production Techniques byElectricity Project Status

Note: Bar graphshows fractionofhouseholds inruralKZN analysis sample reportingeach typeofmainfuelfor
cooking and lightingacross electricityprojectand nonprojectareas.

in time-intensive activities like food preparation and storage, and so may substitute
more time towards these home-based activities. The same shock also increases the

length of the effective day, producing an endowment effect that increases the demand
for all normal goods, leading households to supply more labor to market. The more
income-elastic the demand for market-intensive goods is, the stronger this endow-
ment effect will be in pushing households to supply more labor to the market. Which
effect dominates is theoretically ambiguous; however, the substitution effect is likely
to be smaller since the demand for home-produced goods (e.g., number ofmeals) is
bounded above. Therefore, we expect the advent of household electricity to change
the nature ofhome production and increase labor supplied to the market, particularly
for individuals who specialize in home production (i.e., women).7

Electricity may also change work opportunities in rural areas, by stimulating the

growth of new firms that create jobs outside the home.8 Quite apart from this, elec-

tricity may directly create jobs within households by enabling the production of new

goods and services for the market: for example, food preparation and storage for

larger groups becomes easier; operating small appliances to provide market services
becomes feasible (e.g., hairdryers, cell phone charging stations, local craft produc-
tion). In this way, household electrification could unleash previously unrealized
demand for labor and an increase in market work, even without the growth of firms.

Household electrificationmay also affect migration behavior in multiple ways. In-
and out-migration could be important responses to electrification, as people gravi-
tate toward areas that are more desirable places to live. However, if in-migrants to

electrifying areas already have jobs elsewhere or if out-migrants from nonelectrified
areas take their jobs with them, we might mistakenly attribute employment growth
to new household electrification, when the main effect of the roll-out is merely to

change the composition of the community.

'Responses tothetechnologyshock mayofcourse differacross households. Ifthereisheterogeneityacross
households ininitialhome productiontechnologies, orinthedegreeofsubstitutabilityofhome formarketcom-
modities(forexample, meals versuschildcare), thenthelabor supplyeffectsofelectrificationmaydifferacross
thesetypesofhouseholds. I presentsome evidence forthisheterogeneityinonline Appendix 2.8JuanPablo Rud (2009) documentstherolethatruralelectrificationplayed inindustrializingIndia.
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To isolate how important each of these channels is in explaining the impact of rural
electrification on market employment, it would be ideal to show what happens to (i)
home production activities, (ii) market employment, (iii) the prevalence and size
of firms in rural areas, (iv) the prevalence of home-based microenterprises in rural

areas, (v) market wages in areas that gain new access to electricity, and (vi) migra-
tion flows. Data limitations restrict the empirical analysis in this paper to (i), (ii),
(v), and (vi). I investigate whether new access to household electrification increases

employment in the market and whether these effects differ by gender, whether

changes in methods of home production and changes in wages support a labor sup-
ply channel, whether there is any evidence for the labor demand channels, and the
extent to which migration into and out of electrifying and nonelectrifying areas can
account for employment effects. The results of these analyses substantially improve
our understanding of the impacts of this infrastructure in a poor, rural setting.

II. South Africa's Electrification Program

By 1990, most economic entities and residential areas in SouthAfrica's cities and
commercial farms had been electrified. In contrast, one of the legacies of apartheid
was that manyAfrican households were denied access to basic services, particularly
if they were living in designated homeland areas (Gaunt 2003).

9 At the time of the

first democratic elections in 1994, over two-thirds of African households did not
have access to electricity. After the elections, all homelands were legally reinte-

grated into SouthAfrica (A. J.Christopher 2001) and the South African government
assumed responsibility for basic service provision for all citizens.
As part of a National Electrification Programme (NEP), South Africa's national

electricity utility (Eskom) committed to electrifying 300,000 households annually
from 1995 onwards, to address the service delivery backlog. These targets were

regarded as "firm and non-negotiable" (Eskom 1996) and new connections were

fully subsidized by the utility (Gaunt 2003). Since Eskom was amonopolist in elec-

tricity generation and distribution during this period, industry commentators describe
the support for this roll-out commitment as partly strategic. Eskom was interested
in signaling to the government that full access to previously disadvantaged com-
munities could be provided, without introducing competition into the industry.10As
a result, Eskom met its connections targets in most years. Between 1993 and 2003,
about US $1.4 billion was spent on household electrification and about 28 percent
of all KZN households, or 470,000 households, were electrified. Almost all of these
connections provided households with aminimum level of service, enough to power
a few basic appliances.11

9Homelands werepockets ofland designated forAfricansettlementand functioningas labor reservesforthe
economy.Throughout,I retaintheuse ofapartheid-eraracial classifications: Africanforblack SouthAfricans,and
white,and Indian.

шPersonal communication withTrevorGaunt,head ofDepartmentofElectrical EngineeringattheUniversity
ofCape Town (May 31,2006).

Service was limitedtoa power supplythatcould simultaneouslypower a fewsmall home appliances, e.g.,two
lights,a small televisionorradio,a small refrigeratorand awaterheater(SouthAfricanDepartmentofMinerals and

Energy2004). Newly connected households inmystudyarea reportlargeincreases inownershipofelectrickettles,
refrigeratorsand lighting(own calculations, KwaZulu-Natal Income Dynamics Study,IFPRI etal. 1993 and 1998).
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шPersonal communication withTrevorGaunt,head ofDepartmentofElectrical EngineeringattheUniversity
ofCape Town (May 31,2006).

Service was limitedtoa power supplythatcould simultaneouslypower a fewsmall home appliances, e.g.,two
lights,a small televisionorradio,a small refrigeratorand awaterheater(SouthAfricanDepartmentofMinerals and

Energy2004). Newly connected households inmystudyarea reportlargeincreases inownershipofelectrickettles,
refrigeratorsand lighting(own calculations, KwaZulu-Natal Income Dynamics Study,IFPRI etal. 1993 and 1998).
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Even though all households within an area received the basic connection once the

areawas selected for electrification, this community-level selection was not random.
Almost by definition, networked infrastructure of any kind requires that even iden-
tical consumers be connected in some order. And, in the context of the NEP, local

political pressures and connections costs each played an important role in prioritiz-
ing communities for electrification. Gaunt (2003, p. 91) comments that although
objective criteria were identified for ranking communities, political pressures were

part of the "not-easily-identifiable but good reasons for selecting particular target

groups." In KZN, both the 1994 provincial elections and the 1995/1996 local gov-
ernment elections were hotly contested by the two leading political parties in that

province. This political rivalry arguably influenced local public goods allocations.
In the rest of this paper, I treat these political factors as omitted variables.12

Annual Eskom reports (Eskom 1996-1999) and interviews with planning engi-
neers also point to the central role of costs in allocating projects to places. The dual
pressures of connections targets and internal financing meant that Eskom had strong
incentives to prioritize areas with lowest average cost per household connection.13
These cost factors are central to the main identification strategy in this paper. The
bulk of electrification cost is in laying distribution lines out from electricity sub-sta-
tions to households. Three factors reduce the cost of these distribution lines: proxim-
ity to existing substations and power lines; higher density settlements; and terrain,
or land gradient. The less of an incline the land has, the fewer hills and valleys and
the softer the soil, the cheaper it is to lay power lines and erect transmission poles
(Eskom 1996, NicolaWest, Barry Dwolatzky, andAlan Meyer 1997).
I assemble measures of these three cost factors in my data. Distance from the

grid and household density are important control variables, since both are likely
to be correlated with economic opportunities that could directly affect changes in

employment. In contrast, land gradient is much less likely to directly affect employ-
ment growth, conditional on other spatial variables and district fixed effects. Land
gradient forms the basis of my instrumental variables strategy that addresses the
biases arising from selection on unobservable variables and confounding trends.
Section IV further motivates for using gradient in this way.

III. Data and Sample Characteristics

For the main analysis of the employment effects of electrification, I construct a
panel dataset of community aggregate variables using 1996 and 2001 South African
census data. To this community-level panel, I add in three additional pieces of data:
spatial data collected from Eskom on the location of electrification infrastructure in
KZN atbaseline ( 1996) ,administrative data on project placement across the province
between 1990 and 2007, and measures of geography at baseline (community land
gradient, distances between each community and the nearest electricity substation,

12Iuse data fromlocal elections in2000 toshed some lighton theimportanceofpolitical factorsinassignment
ofprojectstocommunitiesinonline Appendix 3.

JenniferBarnard(2006) describes factorsaffectingnetworkextensiontoruralcommunitiesinKZN: "In the
case ofanelectricalnetwork,ideally thebestroutewould runalong theleast slope, avoid forests,wetlands,and
otherecologically sensitiveareas, be routedneartoroads and avoid households, while runningneardenselypopu-
latedareas inordertoeasily supplythemwithelectricity."
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road and town).14 For some parts of the analysis, I also refer to the 10 percent micro
census data for 1996 and 2001 .
The unit of analysis for the IV strategy is a community-year. Communities are

small, with most having fewer than 900 households. They fall uniquely into 10 dis-
tricts across the province (on average, there are 181 communities per district), and
each district operates much like a local labor market.15 I restrict the sample to rural
ex-homeland communities in KwaZulu-Natal (KZN). This province is home to
one-fifth of the population of South Africa and, in the early 1990s, contained about
30 percent of the entire African population living in homeland areas. Households in
these rural areas are more reliant on traditional fuels than urban households and so
are more likely to experience larger effects of electrification. There are also poten-
tially fewer economic confounders in rural than urban areas in the first years after
the end of apartheid.

My second empirical strategy uses individual-level data on employment, hours
of work, wages, earnings, demographics, and household fuel sources from four
cross sectional household surveys: the 1995, 1997, and 1999 SouthAfrican October
Household Survey (OHS) and the 2001SeptemberLaborForce Survey (LFS) .These
micro data are collapsed to magisterial district (MD) aggregates that are larger than
communities (38 in my sample) but smaller than census districts.

A. Sample Characteristics

Tables 1 and 2 present means and standard deviations of key variables used in

the main analysis. All variables are derived from the 100 percent census sample, so
results are not weighted. Table 1 provides descriptive statistics of baseline variables
for the full sample of 1,816 communities (column 1), and separately by Eskom

project status of the community (columns 2 and 3). Communities in the sample are

poor: 61 percent of households live on less than 6,000ZAR per year, approximately
US $840 at a 2006 USD/ZAR exchange rate. On average, over half of households
in a community are female headed, and the female/male adult sex ratio is well over
1. These values underscore the historical function of the homelands as migrant labor
communities.
The table also shows values of the three key variables influencing the cost of

electrification projects. Average household density is 22 per square kilometer, and
communities are on average 19 kilometers away from the nearest electricity sub-
station in 1996. Main roads and towns are farther away, at an average distance of
38 kilometers. That communities are closer to the electricity grid than to towns is

largely because all white commercial farms in rural areas had grid electrification

by the end of the 1980s. The final row in the table shows that average commu-

nity land gradient is 10 degrees. This is "strongly sloping," according to the Food
and Agriculture Organisation's (FAO) gradient classification (FAO 1998). The first

map in Figure 2 shows the spatial distribution of the gradient variable, along with

14Details ofdata sources and data linkingprocedures areinonline Appendix 1:Data.
15Inhousehold surveydata,onlya handfulofpeople reportworkingoutside oftheirdistrict.In contrast,over

halfofall women and 60 percentofmenworkoutside oftheircommunity(own calculations, census 2001 micro
data,10 percentsample).
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Table 1- Baseline Community Variables byElectrification Project Status and Gradient

Means (standarddeviation) Differencesinmeans (standarderror)
Full Eskom No Columns By gradient

sample project project 2-3 No controlsControls
Covariates in1996 Q) (2) (3) (4) (5) (6)

Povertyrate 0.61 0.59 0.61 -0.024** 0.00 0.002
(0.19) (0.17) (0.20) (0.01) (0.00) (0.00)

Female-headed HHs 0.55 0.55 0.55 0.00 0.005*** 0.001

(0.13) (0.12) (0.13) (0.01) (0.00) (0.00)
Adultsex ratio{N^JN^) 1.48 1.41 1.49 -0.080*** 0.011*** 0.004**

(0.28) (0.25) (0.29) (0.02) (0.00) (0.00)
Indian,whiteadultsx 10 0.00 0.00 0.00 0.00 0.000 0.000

(0.01) (0.00) (0.01) (0.00) (0.00) (0.00)
Kilometerstoroad 37.95 35.62 38.54 -2.917** -0.201 -0.156

(24.57) (24.18) (24.64) (1.44) (0.41) (0.18)
Kilometerstotown 38.57 36.34 39.13 -2.790*** 0.278 0.180

(18.12) (15.34) (18.72) (1.06) (0.41) (0.13)
Menwithhighschool 0.06 0.08 0.06 0.016*** -0.002*** -0.003**

(0.05) (0.05) (0.05) (0.00) (0.000) (0.00)
Women withhighschool 0.07 0.08 0.06 0.020*** -0.002*** 0.000

(0.05) (0.05) (0.05) (0.00) (0.000) (0.00)
Household density 22.05 32.56 19.41 13.152*** -0.523* -0.944***

(30.48) (49.31) (22.75) (1.76) (0.31) (0.30)
Kilometersfromgrid 19.06 15.75 19.89 -4.139*** -0.235 0.029

(13.32) (10.20) (13.88) (0.77) (0.36) (0.12)
Land gradient 10.10 9.12 10.35 -1.232***

(4.89) (4.21) (5.02) (0.29)
N communities 1,816 365 1,451 1,816 1,816 1,816

Notes: Details ofvariable constructionareintheonline DataAppendix. Column 5shows coefficientsfroma regres-
sion ofeach covariateongradient;column 6 additionallycontrolsforall othercovariates and districtfixedeffects.
Differencesincolumns 4-6 aresignificantatp < 0.01***, p < 0.05**, orp < 0.1* level.The Bonferronijoint test
ofsignificanceacross all tenmaincovariates requiresp < 0.005 torejectthenullofall coefficientszero ata 5per-
centlevel ofsignificanceandp < 0.001 torejectatthe1percentlevel. The maximum p-value is0.000 incolumn 4,
0.002 incolumn 5,and 0.002 incolumn 6.

community boundaries of the sample (online Appendix 1 contains larger color ver-
sions of thesemaps). Shaded areas are communities included in the analysis sample.
The geographic fragmentation that characterized the former homeland of KwaZulu
is evident: the apartheid government forcefully resettled Africans to areas deemed
inhospitable for white settlement, wherever those happened to be, with the result
that these homeland areas were not geographically contiguous across the province
(Christopher 2001). Note also that gradient varies widely across the region, with
dark-shaded areas being the steepest.

Administrative data indicate that 20 percent of communities in the sample area
received an Eskom project between 1996 and 2001. The remainder either never
received an electricity project or had a project only after 2001, or prior to 1996. The
strength of defining electrification status using project data is that new access to
infrastructure can be directly identified, rather than inferred from time variation in

electricity use, which may be correlated with changes in wealth that are difficult to
control for in a two-wave panel.
Several features of project placement are evident in the second map in Figure 2,

which shows the distribution of (dark-shaded) electrified and (light-shaded)
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community boundaries of the sample (online Appendix 1 contains larger color ver-
sions of thesemaps). Shaded areas are communities included in the analysis sample.
The geographic fragmentation that characterized the former homeland of KwaZulu
is evident: the apartheid government forcefully resettled Africans to areas deemed
inhospitable for white settlement, wherever those happened to be, with the result
that these homeland areas were not geographically contiguous across the province
(Christopher 2001). Note also that gradient varies widely across the region, with
dark-shaded areas being the steepest.

Administrative data indicate that 20 percent of communities in the sample area
received an Eskom project between 1996 and 2001. The remainder either never
received an electricity project or had a project only after 2001, or prior to 1996. The
strength of defining electrification status using project data is that new access to
infrastructure can be directly identified, rather than inferred from time variation in

electricity use, which may be correlated with changes in wealth that are difficult to
control for in a two-wave panel.
Several features of project placement are evident in the second map in Figure 2,

which shows the distribution of (dark-shaded) electrified and (light-shaded)
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nonelectrified areas. Being close to the original grid is neither necessary nor suf-

ficient for electrification between 1996 and 2001. Proximity to a town is also not

necessary for electrification. Finally, electrified areas are distributed across several
districts rather than clustered in one area. This important fact makes it possible to
include district fixed effects in the main analysis to absorb aggregate differences in

employment growth rates across local labor markets.
Stark differences across communities with and without an Eskom project are evi-

dent in columns 2 to 4 ofTable 1. Compared to nonelectrified areas, electrified com-
munities are significantly less poor, have fewer adult women relative to men, have

higher fractions of high school-educated adults, and are almost three kilometers
closer to the nearest road and town. Given that low average cost areas were priori-
tized for projects, it is not surprising that electrified areas have significantly higher
household densities, are 4.1 kilometers closer to the nearest substation, and have a
1.2-degree flatter average gradient than areas without an Eskom project. If electric-

ity projects had been randomly assigned to communities, most of these observable
characteristics would be balanced across project and nonproject areas. Instead, a
joint test of the hypotheses that each of these differences in column 4 is zero can be

rejected at the 1 percent level.16
Since the main analysis is based on using gradient to instrument for project place-

ment, I compare values of each covariate across steep and flat areas in the last two
columns of Table 1. 1 regress each covariate on gradient alone (column 5) and then

include all other covariates and ten district fixed effects as controls (column 6).
There are no significant differences in poverty rate, the fraction of female-headed
households, any of the distance variables or the fraction of females with high school.
There are remaining, although small, differences in the adult sex ratio (0.004),
household density (0.94 households per square kilometer), and fraction ofmen with

high school (0.003), although a joint test for each difference's being zero cannot be

rejected at the 1 percent level. Column 6 shows that gradient balances more of the

community-level variables at baseline than the Eskom project assignment, condi-
tional on all other controls.

B. Describing Community-Level Employment Rates

The main outcome variable this article analyzes is the employment-to-population
rate of African women and men aged 15 to 59 (inclusive). Census employment
questions are broad, but similar across years.17 Table 2 presents average employ-
ment rates for men and women across Eskom project and nonproject areas in 1996
and 2001, as well as the differences in these rates across years (in rows labeled A,)
and across project assignment areas (in column 4).
Two striking points emerge from this table: Employment rates are very low for

men and women and are falling- and falling faster- for men in electrified areas
between 1996 and 2001. In column 2, female employment remains low (7 percent)

161implementthisas a Bonferronitest.The relevantp-value forrejectionofthisjoint nullatthe1percentlevel
ofsignificance,giventenvariables,isp < 0.01 /10= 0.001. Ifatleast one p-value isless than0.001, thenullis
rejected.Incolumn 4,thenullisdecisively rejectedatthe1percentlevel,while incolumn 6,thisnullisnotrejected
atthe1oercentlevel.17See online Appendix 1:Data fordetails ontheconstructionofemploymentvariables.
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Table 2- Average Community-Level Employment Rates in1996 and 2001

Means (standarddeviation) Difference:
Full Eskom No Column

sample project project 2-3
Year (1) (2) (3) (4)

Female employment1996 0.07 0.09 0.06 0.021***
rate (0.08) (0.07) (0.08) (0.00)

2001 0.07 0.08 0.06 0.017***

(0.07) (0.07) (0.07) (0.00)
Difference A, 0.000 -0.003 0.001 -0.004

(0.002) (0.005) (0.00) (0.00)
Male employment 1996 0.14 0.16 0.13 0.031***
rate (0.11) (0.11) (0.11) (0.01)

2001 0.10 0.11 0.10 0.014**

(0.09) (0.09) (0.09) (0.01)
Difference Д, -0.04*** -0.050*** -0.033*** -0.017***

(0.00) (0.01) (0.00) (0.01)
N 1,816 365 1,451

Note: DifferenceswithincommunitiesovertimeareshowninД, rows.
***Significantatthe1percentlevel.
**Significantatthe5percentlevel.

♦Significantatthe10percentlevel.

and steady across communities between 1996 and 2001, while male employment
falls from 14 to 10 percent. Employment is uniformly higher in electrified than in
nonelectrified communities in 1996. Comparing changes in employment rates in

Eskom project areas to the same change in nonproject areas (column 4), the unad-

justed difference-in-differences estimate for women is not significantly different

from zero, while for men it is a statistically significant -1.7 percentage points.
That SouthAfrica has low levels of employment is not a new insight (for example,

see Stephan Hasen and Ingrid Woolard 2009 and Baneijee et al. 2007). However,
the employment rates in Table 2 are extremely low even for this country. This is

partly because the census asks only broad questions on employment and does not

probe for work activities, as a labor force survey might do. Another reason for these
low employment rates is that the analysis sample includes only rural, ex-homeland
areas ofKwaZulu-Natal. As described by Cally Ardington and Frances Lund (2006,
p. 12), the homelands "consignedmillions ofpeople to rural areas with few employ-
ment opportunities." These ex-homeland areas are ill suited for agriculture, and
work opportunities are concentrated in civil service (mainly teaching) and domestic
work, both jobs favoring the employment of women. Many jobs in these areas are
also marginal, with workers working under 20 hours per week (Ardington and Lund

2006), and large fractions of households rely on income from welfare grants (old
age pensions) and migrant workers to get by. Individual-level data from surveys
designed to capture all types of work do reflect employment in rural areas of KZN
is very low and employment in agriculture is almost nonexistent.18

18Inonline Appendix 4,I show thatthecommunitycensus data likelyundercountsemploymentrelativeto
household and labor forcesurveydata,and thatthisundercountappears somewhat largerformenthanforwomen.
Across severaldatasets,I also show thatagriculturedoes notaccount formuchemploymentintheseareas.
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Figure 2.Spatial Distribution of Gradient and Electricity ProjectAreas inKwaZulu-Natal

Notes: Shaded communitiesareintheanalysis sample (N = 1,816). Thick linesdepictelectricitygridlinesin1996,
trianglesareelectricitysubstationsin1996, and starsrepresenttowns.Gradientisshowninthefigureontheleft:
steeperareas areshaded dark,flatterareas areshaded light.ElectricityProjectareas aredepicted inthefigureonthe
right:projectareas areshaded dark,lightershaded areas areelectrifiedafter2001 ornotatall.
Source: Author'scalculations.

The large drop in employment for men in Eskom project relative to nonproject
areas should not be interpreted as the causal effect of electrification. Rather, these

changes in employment rates for men and women are confounded by broad changes
in the SouthAfrican labormarket during the 1990s. Figure ЗА shows trends in male
and female employment in rural KZN (including but not restricted to homeland

areas) over time using the OHS and LFS household surveys in 1995, 1997, 1999,
and 2001. These are the same data used in the fixed effects analysis in Section VC.
Employment rates using these data are higher than in the census, but still extremely
low. Employment for men falls significantly between 1995 and 2001 and falls to a
lesser extent for women. Figure 3B shows (log) wage trends using the same data.
Over the period, male wages are roughly constant, while female wages fall and are
lower in 2001 than in 1995. Dissecting overall changes in employment, Banerjee et

al. (2007) document large shifts in the composition of jobs away from commercial

agricultural and mining sectors, and toward service and retail sectors. These trends

had a heavy impact on jobs in male-dominated sectors in the 1990s. The types of
new jobs created during this time were predominantly low skill and in the informal

sector, in sectors that favor female workers (Casale, Muller, and Posel 2004), and
there is evidence that the number of jobs for self-employed workers and household
workers increased substantially between 1995 and 2001 (Banerjee et al. 2007).
A common challenge in evaluating the economic effects of an expansion in

infrastructure revolves around how to control for expansions in the economy that

may confound the effects of the new infrastructure. The South African case pres-
ents a different challenge. Eskom was more likely to be electrifying households in

areas that were experiencing longer-term declines in employment and economic
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activity. This is because grid expansion was constrained by initial network place-
ment, and the network that existed at the end of apartheid had been set up to service
commercial farms and previously white towns. Hence, many of the factors that
determined whether a community got early access to electricity were the same fac-
tors that increased a community's exposure to the industrial restructuring of the
1990s. The results of this type of selection are evidenced in the greater decline in
male employment rates in electrifying areas, shown in Table 2. In the next section,
I outline two different empirical strategies that deal with endogenous project place-
ment and these confounding factors in alternate ways.

IV. Empirical Strategies

Let yjdtbe outcome y (for example, the female employment rate) for community j
and district d in time period t = [0, 1] . Tjdtis an indicator variable for whether a com-
munity has received an electricity project by time period t.If electrification Tjdtwas
randomly assigned across communities, we could estimate the average treatment
effect of electrification (a2) by ordinary least squares as in (1):

(1) yjdt= a0 + o^f + a2Tjdt + ßj + Sjt + pd + Xdt + €jdt,

where ßj is a community fixed effect, 6ý is a community trend, pd is a district fixed
effect, Xdt is a district trend and ejdl is an idiosyncratic error term. To eliminate ßj and
pd, rewrite equation ( 1) in first differences:

(2) &yjdt = (yjdt+i
-

yjdt) = Q!i + a2A7Jd( + Xd + (Sj + Aejdl).

With the two wave census panel, I can measure Ayjdt, ATJdt, and 'd, but not S¡. OLS
estimation of (2) will not identify the causal effects of electrification as long as Sj +
Aejdt is correlated with ATjdt. If electricity projects are allocated to communities grow-
ing faster for unobservable reasons then â2,ols would be biased upwards. However,
the results in the previous section suggest that we should be more concerned with

negative selection, and a downward bias in &2,ols *n the South African case.19
To deal with factors that could affect a community's growth path (0¡), I first con-

trol for a vector of community covariates (Xjd0) measured in 1996 in estimating
equation (2). Covariates include household density; fraction of households living
below a poverty line; distances to the grid, road, and town; fraction of adults that
are white or Indian to proxy for local employers; fraction of men and women with
a completed high school certificate; and two standard proxies for community pov-
erty, the share of female-headed households and the female/male sex ratio (Guy
Standing, John Sender, and Jeremy Weeks 1996). I also include a set of ten district
fixed effects, so that all comparisons across project and nonproject areas occur for
areas in the same local labor markets.
Even with these controls, however, confounding trends in community-level

employment and unmeasured political factors that could affect project placement

"MeasurementerrorinATjj,presentsanotherpracticalchallengeforestimatingequation (2). See thediscussionofthisissue inonline Appendix 4.
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are still of concern. To overcome these challenges to identification, I instrument
for program placement using average community land gradient (Z;). The system of

equations to be estimated is:

(3) Ayjdt = (yjdt+i
- yjdt) = «! + a2ATjdt + ХдюЭ + Xd + (5j + Д€jdt)

(4) ATjdt
= 7Г0+ 7Г,Zj + Xjd07r2 + 7d + Tjdf>

where (8j + Aejdt) and Tjdtare unobserved. The identification assumption is that
conditional on baseline community characteristics, proximity to local economic cen-
ters and grid infrastructure, and district fixed effects, land gradient does not affect

employment growth independently of being assigned an electrification project.
One concern with using land gradient as an instrumental variable in a rural set-

ting is that it may directly affect agricultural outcomes. In rural KZN, the direct

impact of gradient on agricultural productivity and agricultural employment growth
is limited, since most people are not farming. Under 10 percent of employed indi-
viduals are involved in agriculture.20A second concern is that individuals may sort,

nonrandomly, across flat and steep areas, which could result in differential employ-
ment growth, independent of new electrification. While mobility within homeland
areas during this time is limited by a lack of property titling and the role of tribal
authorities in land allocation, in-migration and out-migration do occur, as I describe
in the last part of the article.21 1 show that differential in-migration to flatter areas
cannot account for the employment effects of electrification and argue that selective

out-migration cannot explain employment effects either, given the profile of rural

out-migrants.
Conditional on instrument validity, a2,/v captures the local average treatment

effect (LATE) of electricity projects on community-level employment growth. In

my results, community composition drives marginal effects. So, if individuals liv-

ing in flatter areas can better afford electricity once it arrives, or if individuals liv-

ing in flatter communities have fewer other home production demands (i.e., child

care), then a larger than average treatment effect may be measured for these areas.

Employment returns to electrification may also differ by gradient, leading to larger
estimated employment effects for marginal than for average communities. For

example, flatter areas always have lower commuting costs, so individuals in flatter

areas always face a higher net wage. Since these individuals are initially closer to the

employment participation margin, they will always be more likely to respond when

electricity arrives.22 These reasons lead us to expect IV estimates to be larger than

average treatment effects.

20Farmingaccountedforonly10 percentofhousehold earningsinhomeland areas bythemid-1980s (NickVink
and StefanSchirmer2002). Ardingtonand Lund (1996, p.48) writethat"a significantpercentageoftheincome
ofruralhouseholds issourced outside thehousehold and indeed outside ruralareas" and that"land isnowherethe
'main source' ofincome forthemajorityofruralhouseholds" (Ardingtonand Lund 1996, p.55). OnlineAppendix
4 providesmoredetailsabout thelow levels ofagriculturalemploymentinruralKZN.2 Personal communication,DepartmentofLandAffairs,Pietermaritzburg(June2006).

A potentialthreattovalidityanses itgradientisstronglycorrelatedwithroad access (e.g., Nathan Nunnand
Diego Puga 2007 discuss theimpactofterrainruggednessontransportationcosts). Changing economic activitiesin
distantmarketsmaybemoreeasily accessible forflattercommunities,hence makinggradientitselfa "treatment."
To testwhetheremploymentisrespondingonlytoaccess toroads,I reestimateresultsforcommunitieswithout
mainroads. Results forfemaleemployment,presentedinonline Appendix 3,aresimilar.
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To complement the IV strategy, I present an alternative identification strategy
which I refer to as the MD-FE/MD-trends analysis. I pool information from four

cross-sections of SouthAfrica household survey data to estimate the impact of elec-
trification on male and female employment, hours of work, wages, and earnings.
The sample is restricted to African men and women living in rural areas of KZN,
for which there are at least 900 respondents per year. The major drawback to using
these data is that respondents can be situated only in the magisterial district (MD) in
which they reside, which cannot be linked to the Eskom project data.
I regress each of the labor market outcomes on age, age-squared, and years of

education, obtain the residuals from these regressions, and average the residuals
within year (t), magisterial district (m), and sex (i) to create up to 304 observations
on outcomes (4 years x 38 m observations each for males and females). I also con-
struct the fraction of households with electric lighting for each MD-year (ELECmt) .
This is a reasonable proxy for expanding access to the grid since almost all house-
holds getting access to the grid^were able to use electric lighting. Then, I estimate

regressions of these residuals (êmt) on ELECm, a common time trend (t), and a full
set ofMD fixed effects (Am) and MD-specific trends (6mt):23

(5) em,= 7o + 7iELECmt + 72i + Am+ 8mt + vmt.

Without controlling for MD-FE and MD-specific trends, 7t is identified using
variation in electric lighting within and across MDs. In the MD-FE/MD-trends
specification, 7t is identified using variation in electric lighting within the MD over
time, after accounting for Amand 5mt. Including MD-specific trend terms controls
for differential trends across MDs with different rates of electrification that could
confound the labor market impacts (this is analogous to the correlation between 6¡
and project status ATjdt in the main empirical strategy). Although these regressions
are estimated on a small sample, making precise estimation difficult, they provide
useful complementary evidence of the effects of electrification on employment on
the extensive and intensive margins and on earnings and wages. Moreover, given
the richer set of labor market outcome variables, these results are informative about
whether electrification affects net labor demand or supply in rural areas.

V. Results

A. Assignment ofElectricity Projects to Communities

First-stage estimates for the allocation of an electricity project to a community are

presented in Table 3. The outcome variable is an indicator for whether a community
received an electricity project between 1996 and 2001. The coefficient on gradient
indicates that for a two-standard deviation increase in gradient (about 10 degrees),
the probability of receiving an Eskom project falls by about 8 percentage points.
Across columns, the size of the coefficient does not change substantially with the
addition ofmore controls, while the precision of the estimate improves.

23InstrumentingforELECm isnotpossible inthisframework,as gradienthas nopredictivepower inexplaining
electrificationratesatthemoreaggregatedmagisterialdistrictlevel.
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Table 3- Assignment to Eskom Project: First Stage OLS Estimates

Dependent variable: Eskom project= [1or0] (1) (2) (3) (4)
Gradientx 10 -0.083** -0.075** -0.078*** -0.077***

(0.040) (0.034) (0.027) (0.027)
Kilometerstogridx 10 -0.040* -0.012 -0.011

(0.021) (0.023) (0.023)
Household densityx 10 0.017*** 0.012** 0.013**

(0.004) (0.006) (0.006)
Povertyrate 0.023 0.019 0.017

(0.069) (0.070) (0.069)
Female-headed HHs 0.393*** 0.165 0.155

(0.120) (0.107) (0.107)
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(0.401) (0.459) (0.452)
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(0.009) (0.010) (0.010)
Kilometerstotownx 10 0.016 0.008 0.008

(0.015) (0.015) (0.016)
Menwithhighschool -0.269 -0.185 -0.152

(0.500) (0.411) (0.417)
Womenwithhighschool 1.046** 0.965** 0.984**

(0.475) (0.413) (0.409)
A,wateraccess 0.012

(0.048)
A, toiletaccess 0.155

(0.104)
Districtfixedeffects NN Y Y
Mean ofoutcome variable 0.20 0.20 0.20 0.20
N communities 1,816 1,816 1,816 1,816
R2 0.01 0.07 0.18 0.18
F-statisticon gradient 4.20 4.87 8.34 8.26
Pr> F 0.04 0.03 0.00 0.00

Notes: Robust standarderrorsclusteredatsubdistrictlevel. Ten districtfixedeffectsincluded in
columns 3and 4. Change infractionofhouseholds withaccess towaterand flushtoiletmea-
suredbetween 1996 and 2001.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.

♦Significantatthe10percentlevel.

The inclusion of district fixed effects in this first stage is important, as a large
amount of the variation in gradient comes from cross-district variation (see
Figure 3). This means that without controlling for district, the first stage compares
project assignment across very different places in terms of gradient and in terms of
local labor market conditions. By controlling for district as in columns 3 and 4, 1
compare places that are in the same local labor market, but which are slightly flatter

or steeper.
The two other cost variables have coefficients of expected sign in the first stage

results of Table 3: a three-quarter-standard deviation increase in distance from

the grid (about 10 kilometers) reduces the probability of electrification by 1 per-
centage point, although this is not significant when all other controls are added.
A one-third-standard deviation increase in household density (10 households) per
square kilometer increases the probability of electrification by about 1.3 percentage
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Figure 3.Employment Rates and HourlyWages overTimebyGender

Notes: FiguresshowfractionofadultAfricanmenand women employed and average hourlylog wage rate(in
ZAR) fortheemployed,usingdata fromOctober Household Surveys1995, 1997, 1999, and theSeptemberLabour
Force Survey2001. Sample includes individuals livinginruralKZN. Dashed linesare95 percentconfidenceinter-
vals.The unitofobservationistheindividual.

points. The influence of household density is robust and strongly significant across

specifications.
These project assignment regressions provide mixed evidence on whether electri-

fied areas are positively selected on wealth. While areas with more adult women
than adult men (i.e., poorer areas) are significantly less likely to receive an electric-

ity project, areas with more white and Indian adults (i.e., richer areas) are also less
likely to be electrified during these years. The community poverty rate and fraction
of female-headed households also have large positive coefficients in all specifica-
tions, suggesting that projects may be targeted to poorer areas. This lack of strong
evidence for project placement in richer areas and strong predictive power of two of
the three cost variables is consistent with the overarching sociopolitical motivation
for the roll-out.

B. Employment Effects ofElectrification: OLS and IVResults

Coefficients from OLS and IV regressions of employment are presented in Table 4
for women and Table 5 formen. The tables provide estimated coefficients and robust
standard errors for a subset of control variables, clustered at the subdistrict level.24
The dependent variable in each column is the change in female (or male) employ-
ment rate between 1996 and 2001 .Columns 1 to 4 in each table present OLS results,
and columns 5 to 8 present the IV results (reduced form coefficients from regres-
sions of employment rate on gradient and all other controls are presented in online

Appendix 3).
The coefficient on Eskom project in column 1 of each table echoes the descrip-

tive statistics in Table 2: there is no significant growth in female employment across
project and nonproject areas, while male employment falls by 1.7 percent. Adding

24The subdistrictlevel isone level ofaggregationup fromthecommunitylevel and one level below thedistrict.
InferenceisrobusttoestimatingstandarderrorsusingConley's spatial errorcorrectionmethods(TimothyConley
1999); see onlineAppendix 3.
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TableA- Effects of Electrification on Employment: Census Community Data

Atfemaleemploymentrate
OLS regressioncoefficients IV regressioncoefficients

(1) (2) (3) (4) (5) (6) (7) (8)
Eskom project -0.004 -0.001 0.000 -0.001 0.025 0.074 0.090* 0.095*

(0.005) (0.005) (0.005) (0.005) (0.045) (0.060) (0.055) (0.055)
A.R.95percentC.I. [0.05; 0.3} [0.05; 0.3]
Povertyrate 0.029*** 0.033*** 0.031*** 0.027** 0.032** 0.031**

(0.011) (0.010) (0.010) (0.012) (0.013) (0.013)
Female-headed HHs 0.042** 0.051*** 0.047** 0.014 0.036 0.033

(0.019) (0.019) (0.020) (0.031) (0.026) (0.026)
Adultsex ratio 0.019** 0.017** 0.020*** 0.033** 0.029** 0.032***

(0.009) (0.008) (0.007) (0.014) (0.012) (0.012)
Baseline controls? N Y Y Y N Y Y Y
Districtfixedeffects?NN Y Y NN Y Y
Д, otherservices? NNNY NNNY
N communities 1,816 1,816 1,816 1,816 1,816 1,816 1,816 1,816

Notes: Robust standarderrorsclusteredatsubdistrictlevel. Eskom projectisinstrumentedwithmean community
land gradient.See Table 3forfulllistofcontrolvariables. The lasttwocolumns provideconfidenceintervals(C.I.)
fromtheAnderson-Rubin (A.R.) testforthecoefficientonEskom project.The testisrobusttoweak instruments
and implementedtobe robusttoheteroskedasticity.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

Table 5- Effects of Electrification on Employment: Census Community Data

A,maleemploymentrate
OLS regressioncoefficients IV regressioncoefficients

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

Eskomproject -0.017** -0.015*** -0.009 -0.010* -0.063 0.069 0.033 0.035
(0.007) (0.006) (0.006) (0.006) (0.073)(0.082) (0.064) (0.066)

A.R.95percentСЛ. [-0.05; 0.25][-0.05; 0.25]
Povertyrate 0.062***0.064***0.063*** 0.059***0.064*** 0.062***

(0.020) (0.018) (0.018) (0.022) (0.019) (0.019)
Female-headedHHs 0.217***0.233***0.227*** 0.187***0.227*** 0.220***

(0.029) (0.030) (0.030) (0.042) (0.034) (0.034)
Adultsexratio 0.018* 0.012 0.017 0.034* 0.018 0.023

(0.011) (0.011) (0.011) (0.019) (0.015) (0.015)
Baselinecontrols? NYYY NY Y Y
Districtfixedeffects?NNYY NN Y Y

A,otherservices? NNNY NN N Y
Ncommunities 1,816 1,816 1,816 1,816 1,816 1,816 1,816 1,816

Notes: Robust standarderrorsclusteredatsubdistrictlevel. Eskom projectisinstrumentedwithmean community
land gradient.See Table 3forfulllistofcontrolvariables. The lasttwocolumns provide confidenceintervals(C.I.)
fromtheAnderson-Rubin (A.R.) testforthecoefficientonEskom project.The testisrobusttoweak instruments
and implementedtobe robusttoheteroskedasticity.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

community-level controls and district fixed effects in columns 2 and 3 increases the

coefficient on electrification slightly, with the female employment effect still not

significantly different from zero and male employment becoming less negative and
less statistically significant. The positive, significant coefficients on poverty rate, sex
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community-level controls and district fixed effects in columns 2 and 3 increases the

coefficient on electrification slightly, with the female employment effect still not

significantly different from zero and male employment becoming less negative and
less statistically significant. The positive, significant coefficients on poverty rate, sex
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ratio, and female-headed households in both tables indicate that female and male

employment rises faster in poorer places in the late 1990s.
IV estimates of electrification are substantially larger than OLS estimates and

significantly positive for women in Table 4 columns 8 and 9. Since column 5, Table
1 indicated that gradient is correlated with some of the control variables especially
when district fixed effects are not controlled for, and since the F-statistic on the
excluded variable in the first stage is larger once other controls absorb residual
variation (Table 3), my preferred estimates are in columns 8 and 9 of Tables 4
and 5.25 In these columns, female employment increases by 9 to 9.5 percentage
points, or between 30 and 35 percent from baseline, in the wake of an electric-

ity project. The Anderson-Rubin (AR) test for whether electrification raises female

employment strongly rejects zero, and the 5 percent confidence interval is wider
than the standard 5 percent confidence interval, ranging from 5 to 35 percentage
points. Male employment increases by a substantially smaller 3.5 percentage points,
and this is not significantly different from zero under either the standard test or the
AR test (column 9, Table 5). Although I cannot reject that the male and female

employment effects are the same, there is no reduced form for male employment
(column 5, Table 5).26 It is therefore difficult to precisely estimate the impact on
male employment using these census data; part of this may be related to the fact that
the census undercounts male employment more than female employment in these
areas (see online Appendix 4 for details).

Another aspect ofthese results thatbearsmentioning is the sensitivity of the female

employment results to the inclusion of district fixed effects as in equation (3). This
reflects the fact that differences in gradient are larger across districts than within dis-
tricts. Excluding district fixed effects means that employment effects are identified
off of cross-district comparisons in female employment growth. Since local labor
markets differ substantially across districts, including district fixed effects allows
me to identify the effect of electrification by comparing slightly steeper to slightly
flatter areas within the same local labor market.
The IV results suggest that in a nonelectrified community with the median num-

ber of adult women in 1996 (N = 285), a 9 percentage point increase in female

employment raises the number of women working by 26 women, from 19 to 45.
If we assume this 9 percentage point increase applies to the entire group of elec-
trified communities (rather than marginal communities only), this translates into
an increase of approximately 15,000 newly employed women out of the baseline
female population of 165,637. This is 0.75 percent of the estimated 2 million new
jobs created across the country over the period (Casale, Muller, and Posel 2004).

Threats to Validity in the TV Strategy.- If employment rates in steep and flat areas
evolve differently even in the absence of new electricity, the gradient IV would

25To address concerns about overoptimisticinferencewitha possibly weak instrument,heteroskedasticity-robustAnderson-Rubin (AR) confidenceintervalsarecomputed forthemainEskom projectparameterestimatein
thesecond stageand showninTables 4 and 5.These AR confidenceintervalshave correctcoverage propertiesin
thepresence ofweak instruments,while standardWald testsdo not(Anna Mikusheva and Brian Poi 2006; Victor
Chernozhukov and ChristianHansen 2008).

I implementedthistestbydifferencingthemale and femaleoutcome variableswithincommunityand estimat-
ingthesame OLS and IV regressionsusingthisnewdependentvariable. This testrespectsthecorrelatedstructure
oftheerrorterms(Aejdt)across male and femaleregressions(see online Appendix 3).
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Table 6- OLS Coefficients fromPlacebo Experiment and Reduced FormRegressions
for Female Employers: Census Community Data

Placebo experiment: Growthinmajor employers
A, femaleemploymentA, schools A, Indian,Whiteadults

ш 2) g)
Gradientx 10 -0.001 0.007 0.000

(0.001) (0.028) (0.000)
Sample Areas electrified Full Full

before1996 sample sample
iVcommunities 373 1,816 1,816
R2 0.11 0.06 0.04

Notes: Each column shows coefficientsfromOLS regressionsofoutcome variables oncom-
munitygradientand all community-levelcontrolsas inTable 3.Robust standarderrorsclus-
teredatsubdistrictlevel. Incolumn 1,sample isrestrictedtoareas thathad electricityprojects
priorto1996. Incolumn 2,theoutcome variable isthechange inthenumberofschools ina
communitybetween 1996 and 2001. Incolumn 3,theoutcome isthechange inthefractionof
Indian andwhiteadultsinthecommunitybetween 1996 and 2001; thefractionofIndian/white
adultsinthecommunityisexcluded fromthisregression.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.

♦Significantatthe10percentlevel.

be invalid. Without more years of data, this is difficult to check directly. Instead, I
implement an indirect placebo test using historical administrative data on electric-

ity projects. These data identify areas that are electrified prior to 1996, which were
excluded from the main analysis. For these areas, there should be no reduced-form

relationship between gradient and employment growth between 1996 and 2001,
since they have already received an electricity project. If there is, this would suggest
that gradient has a direct effect on employment growth. To test this, I estimate OLS
regressions of the change in female employment in areas electrified prior to 1996

(N = 373) on gradient and the full set of controls. Column 1 ofTable 6 contains the

results of this placebo test. The coefficient on gradient is small (-0.001) and insig-
nificant, yet significantly different from the 0.007 reduced form coefficient on gradi-
ent in column 5, Table 4, panel A. Thus, there is no evidence of any reduced-form

relationship between gradient and female employment in the set of areas already
electrified by 1996 (the same is true for males; results not shown). This boosts con-
fidence in the research design.
A second potential threat to the validity of the IV strategy arises if flatter

communities received positive labor demand shocks concurrent with electricity
projects. Unfortunately, no dataset captures the presence of firms in rural KZN
regions. Instead, I test whether there are larger increases in the major sources of
female labor demand in flatter communities. Individual-level census data suggest
that most women in these areas work as teachers or domestic workers. In columns
2 and 3 of Table 6, 1 test whether gradient is negatively correlated with growth in

new schools (using data from Statistics South Africa27) or with the growth in new

employer households (proxied for by the change in fraction of Indian and white
adults in the population) .

27StatisticsSouthAfrica.1995 and 2000. "SouthAfricanSchools RegisterofNeeds."
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Table 7- Employment, Hours ofWork, Wages and Earnings forAfricans in Rural KZN 1995-2001:
Household Survey Data

Females Males Females Males
OLS FE OLS FE OLS FE OLS FE
(D (2) (3) (4) (5) (6) (7) (8)

PanelA.Employment[1/0] PanelB.Usualweeklyhoursofwork
MD electrification0.126** 0.128 0.090 0.134 6.646***8.920 5.671**13.090
rate (0.058) (0.149) (0.077) (0.164) (1.771) (6.634) (2.597)(12.947)

Trend -0.010 0.046** -0.051*** -0.075*** -0.407 -0.588 -0.322 -1.424
(1995-2001) (0.012) (0.020) (0.012) (0.022) (0.491) (0.872) (0.620) (1.701)

N 152 152 152 152 151 151 151 151
Meanofoutcome0.25 0.25 0.42 0.42 42.82 42.82 46.94 46.94
Ř2 0.06 0.63 0.09 0.76 0.06 0.42 0.03 0.45

PanelC.Loghourlywage PanelD.Logmonthlyearnings
MD electrification-0.148 -1.380 0.101 0.171 -0.070 -0.616 0.414**1.107**
rate (0.253) (1.046) (0.211) (0.483) (0.225) (0.995) (0.191) (0.477)

Trend -0.079*** 0.132 -0.027 0.077 -0.091** -0.065 -0.047 -0.085
(1995-2001) (0.030) (0.137) (0.032) (0.063) (0.037) (0.131) (0.033) (0.063)

N 146 146 148 148 146 146 148 148
Meanofoutcome1.17 1.17 1.49 1.49 6.42 6.42 6.80 6.80
R2 0.03 0.52 0.00 0.51 0.03 0.52 0.05 0.57

Motes: Columns 1,3,5,and 7 show coefficientsfromOLS regressionsofmagisterialdistrict(MD) residuals on
MD electrificationrates,a lineartimetrend,and a constant.Columns 2,4,6,and 8show coefficientsfromthesame
regressions,includingMD fixedeffectsand MD specifictrends.UnitofobservationistheMD-year. Robust stan-
darderrors,clusteredattheMD level. Panel С and D regressionsexclude MDs inwhichnoone reportspositive
earnings.Data arefromOctober Household Surveys1995, 1997, and 1999 and theSeptember Labour Force Survey
2001. Mean MD electrificationrateis0.3, and theaverage change between 1995-2001 is0.15.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

Despite the fact that the number of schools across rural KwaZulu-Natal increases
by almost 20 percent between 1995 and 2000, which undoubtedly increases the
demand for teachers, column 2, Table 6 shows this increase is uncorrected with

community gradient. And although other researchers have documented the growth
in low skill, informal sector jobs in the economy during the 1990s (Baneijee et al.
2007; Casale, Muller, and Posel 2004), the results in column 3, Table 6 indicate no
differential expansion in this source of demand for female workers in flat relative to

steep areas of rural KZN.

C. Employment and Wage Effects ofElectrification:
Resultsfrom the MD-FE/MD-TrendsAnalysis

To provide supporting evidence on the employment effects estimated using the
IV strategy and to shed light on the mechanisms through which electricity raises
employment, I turn to results from the MD-FE/MD-trends analysis. Table 7 pres-
ents coefficients from OLS and FE regressions of equation (5), for employment rates

(panel A), usual weekly hours of work (panel B), log hourly wages (panel C), and
logmonthly earnings (panel D). Standard errors are robust to heteroskedasticity and
clustered at the MD level. Recall that the MD fixed effects and MD-specific trends
control for the differential economic trends that could confound the impact of elec-
trification on labor market outcomes. The coefficient on electrification is identified
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Despite the fact that the number of schools across rural KwaZulu-Natal increases
by almost 20 percent between 1995 and 2000, which undoubtedly increases the
demand for teachers, column 2, Table 6 shows this increase is uncorrected with

community gradient. And although other researchers have documented the growth
in low skill, informal sector jobs in the economy during the 1990s (Baneijee et al.
2007; Casale, Muller, and Posel 2004), the results in column 3, Table 6 indicate no
differential expansion in this source of demand for female workers in flat relative to

steep areas of rural KZN.

C. Employment and Wage Effects ofElectrification:
Resultsfrom the MD-FE/MD-TrendsAnalysis

To provide supporting evidence on the employment effects estimated using the
IV strategy and to shed light on the mechanisms through which electricity raises
employment, I turn to results from the MD-FE/MD-trends analysis. Table 7 pres-
ents coefficients from OLS and FE regressions of equation (5), for employment rates

(panel A), usual weekly hours of work (panel B), log hourly wages (panel C), and
logmonthly earnings (panel D). Standard errors are robust to heteroskedasticity and
clustered at the MD level. Recall that the MD fixed effects and MD-specific trends
control for the differential economic trends that could confound the impact of elec-
trification on labor market outcomes. The coefficient on electrification is identified

This content downloaded from
�������������95.94.12.212 on Thu, 15 May 2025 04:34:57 UTC��������������

All use subject to https://about.jstor.org/terms



VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATIONONEMPLOYMENT 3099

off of the variation in electrification rates over time, within anMD, afterMD trends

have been accounted for.

Consider first the estimates for employment: in areas where electrification

increases, male and female employment increase substantially in the OLS speci-
fication. The average increase in electrification over the period (0.15) translates
into a 1.3 percentage point increase in employment for men and a 1.8 percentage
point increase for women, although male-female differences are not statistically
different from zero. Coefficients are similar under OLS and FE specifications.
However, once all fixed effects and trend terms are included, none of the electri-
fication coefficients is precisely estimated in this small sample. Weekly hours of
work exhibit the same pattern, with OLS coefficients being estimated more pre-
cisely than FE coefficients. Women work 8.9 hours more and men work 13 hours
more per week in MDs with higher electrification rates, compared to the same
MDs in periods of lower electrification. For the average change in electrification
rate (0.15), this amounts to between 1.3 and 1.9 hours more work per week. The
male-female differences are again not statistically different from each other. The

magnitude of this intensive margin response is consistent with the new work

being informal and perhaps in self-employment rather than in full-time formal
sector positions.

It is worth comparing the employment results in Table 4 with those of Table 7.
Both approaches show female employment rising in electrifying areas, on either

the extensive or intensive margins. Male employment effects are never significantly
different from zero once selection has been accounted for, but the coefficients on
electrification are still generally large and positive. Using variation in project status

across steep and flat communities in the same local labor market, Table 4 tells us
that in areas that received an Eskom project, female employment increased by 9.5

percentage points, relative to baseline female employment of about 7 percent. Using
a different source of variation, household survey results in Table 7 indicate that

employment increases by a smaller 1.8 percentage points for women in MDs with

the average change in electrification rates. Hours ofwork increase slightly more, at

3 to 4 percent in electrifying areas.
There are three reasons why these results differ in magnitude. First, while the IV

strategy focuses on changes in small communities, the MD-FE/MD-trend analysis
examines changes in larger MDs. It is not clear that we should expect analysis at dif-

ferent levels of aggregation to produce results of the same magnitude. Second, each

strategy uses different sources of variation: the IV strategy compares flat to steep areas
while the MD-FE/MD-trends analysis uses variation within the same MD over time.

Again, it is not clear thatwe should expect these comparisons to be identical, although
it is comforting that they point in the same direction. Finally, new access to electricity
is measured in different ways under each strategy: as a binary variable in the IV strat-

egy and as the fraction of households with electric lighting in the MD-FE/MD-trends
strategy. We can use information on the change in fraction ofhouseholds using electric

lighting in project versus nonproject areas to rescale the community-level IV results.

In census communities that experience the Eskom-induced increase in electric fighting

(65 percent, explained in Table 8 below), female employment rises by 6 percentage
points (0.095 X 0.63). This rescaled employment result from the IV analysis is much
closer to the results from the MD-FE/MD-trend analysis.
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3100 THEAMERICANECONOMICREVIEW DECEMBER 2011

Table 8- Effects of Electricity Projects on Household Energy Sources and Other
Household Services: Census Community Data

OLS OLS IV IV
No controls Controls No controls Controls

Outcome isA, in: Q) (2) (3) (4)

(1) Lightingwithelectricity 0.251*** 0.221*** 0.577*** 0.635***
Mean: 0.08 (0.032) (0.031) (0.188) (0.227)
(2) Cookingwithwood -0.045*** -0.039*** -0.266 -0.275*
Mean: -0.035 (0.012) (0.012) (0.179) (0.147)
(3) Cooking withelectricity 0.068*** 0.056*** 0.250** 0.228**
Mean: 0.037 (0.009) (0.009) (0.107) (0.101)
(4) Waternearby -0.029 0.005 -0.483* -0.372
Mean: 0.007 (0.029) (0.024) (0.249) (0.248)
(5) Flush toilet 0.003 0.008 0.018 0.067
Mean: 0.03 (0.006) (0.005) (0.069) (0.068)

Notes: Each cell inthetablepresentstheEskom projectcoefficient(and standarderror)froman
OLS orIV regressionofthedependentvariableonanEskom projectindicatorand(incolumns
2 and4) all controlvariablesdescribedinTable 3.Robuststandarderrorsclusteredatsubdistrict
level. Outcome variablesmeasurethechange infractionofhouseholds usingdifferentenergy
sourcesorwithaccess tobasic services.Change inwater(toilet)access excluded fromtheset
ofcontrolsinrows4 and5.Each regressioncontainsN = 1,816exceptforchange infractionof
households usingwood; thereareninecommunitieswithmissingdataonthisvariable.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
♦Significantatthe10percentlevel.

Turning to the effects of electrification on wages and earnings in the lower panel
of Table 7: wages for women fall in areas where electricity is rolling out (panel
С, columns 1 and 2), and more so in the MD-FE specification. For the average
change in fraction of households with electric lighting, women's wages fall by
about 20 percent (1.38 x 0.15), while for men, the coefficient on electrification
rate is positive but not significant. Combining the increase in female hours of
work, a large (but insignificant) increase in employment on the extensive margin,
and the decline in wages, it is not surprising that there are no significant differ-
ences in female earnings across electrifying and nonelectrifying areas (panel D,
column 5) or within an MD that sees growing electrification over time (panel D,
column 6). In contrast, male earnings do rise significantly when electrification
rates are higher, by about 16 percent for the average increase in electrification

(0.15 x 1.10). This also makes sense, given that men appear to be working more
hours without any decline in average wages.
The combined results of subsectionsVB andVC suggest the following interpre-

tation: when communities get new access to household electricity, employment
on the extensive margin increases for women and possibly for men, although
male effects are difficult to estimate precisely. On the intensive margin, the best
household survey evidence we have indicates that electrification raises hours of
work for women and men, although precise estimation of these effects is pre-
cluded by the small sample size. And, given the results of the placebo test, there
is no strong evidence that contemporaneous expansions in sources of demand for
female work confound these employment results. In the next section, I investigate
several channels through which electrification may have affected employment in
these rural areas.
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VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATIONONEMPLOYMENT 3101

VI. Channels

A. Electrification andHome Production: A Labor Supply Channel

In order for electrification to affect employment through the channel of reduced
time in home production, households must switch out of traditional fuels when their

communities are connected to the grid and spend less time in home production. There
are no data on time use to show the latter effect. However, the simple averages in

Figure 1 and results presented in Table 8 illustrate that households do make large
adjustments to their home production technologies in the wake of household electrifi-

cation. Each coefficient reported in this table is from a separate regression, where the

outcome variable is the change in fraction of households using electricity for lighting
or cooking or using wood for cooking. Columns 1 and 3 do not contain any additional

controls, while columns 2 and 4 report results from regressions containing all relevant
control variables. Robust standard errors are clustered at the subdistrict level.

Both OLS and IV regression results illustrate substantial shifts towards using
electricity for home production, with IV results larger than OLS estimates. Average
rates of electric lighting rise by 23 percentage points more in communities with an

electricity project than in communities without in the OLS comparison of row 1,

column 2. In the same column, reliance on wood for cooking falls by 3.9 percent-

age points, and cooking with electricity rises by 5.6 percentage points. Column 4
indicates that in areas chosen to be electrified because of their flatter gradient, use
of electric lighting increases by a substantial and significant 63 percentage points,
wood use falls by 27 percentage points, and cooking with electricity rises by 23 per-

centage points.28
To check that gradient is not simply picking up easier access to all types of ser-

vices that could affect home production, rows 4 and 5 of Table 8 present results for

two additional outcome variables: the change in fraction of households with access
to piped water close to home and the change in fraction of households with a flush

toilet at home. There is no evidence that electrified regions experience differential

changes in either of these basic services. In fact, the IV results for water services in

columns 5 and 6 are in the opposite direction to what we would expect if gradient
were simply a noisy measure ofwealth.

In combination with themain results of the previous section- rising female employ-
ment and some indication of falling female wages in electrifying areas- the results

on changing home production in Table 8 suggest that one important channel through
which electricity affects the rural labor market is by "freeing up" women's time for

the market. This is, of course, unlikely to be the only way in which this infrastructure

roll-out affects rural areas. In fact, the similarity of the male and female employment
results hints at electricity's facilitating new activities for men and women that would
allow them to start to produce market goods and services at home (e.g., food prepa-
ration, personal services requiring electric appliances). However, we would like to

be more confident that electrification does not stimulate large net increases in labor
demand in these communities. This is what I test for next.

28Online Appendix 2 discusses reasonswhytheIV resultsarelargerthanOLS results.
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28Online Appendix 2 discusses reasonswhytheIV resultsarelargerthanOLS results.

This content downloaded from
�������������95.94.12.212 on Thu, 15 May 2025 04:34:57 UTC��������������

All use subject to https://about.jstor.org/terms



3102 THEAMERICANECONOMICREVIEW DECEMBER 2011

Table 9- Testing for Spillovers byExcludingAdjacentAreas
without Electricity Projects

Outcome: OLS IV N communities
A, femaleemployment (1) (2) (3)
PanelA.
Full sample -0.001 0.095* 1,816

(0.005) (0.055)
PanelB.
Excluding nonproject -0.004 0.076 1,205

areas < 1kmfromprojectsite (0.006) (0.057)
Panel C.
Excluding nonproject -0.003 0.069 840

areas < 5kmfromprojectsite (0.008) (0.077)

Notes: Each cell incolumns 1and 2 shows thecoefficient(standarderror)ontheEskom proj-
ectindicatorfromregressionsofthechange infemaleemploymentratesfordifferentsubsam-
ples ofthedata.Panel A reproduces themainresultfromthefullsample inTable 4; panels В
and С restrictthesample toexclude nonprojectcommunitiesthatarewithina 1kmor5km
radiusofanyprojectcommunity.All controlsdescribed inTable 3 included. Robust standard
errorsclusteredatsubdistrictlevel.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
♦Significantatthe10 percentlevel.

В . Electrification and Labor Demand

Communities as defined in the census data are small. Hence, any electricity proj-
ect that generates new firms and new demand for labor should have spatial spillover
effects into neighboring areas. Iffirms create jobs forpeople living in neighboring areas,
positive spillovers in these nonelectrified areas would dampen any effects ofhousehold
electrification. If people move out of neighboring nonelectrified areas towards electri-
fied areas to get one of the new jobs, a negative spillover would amplify electrification
effects. In both cases, the effect is the sum of an incumbents' effect and a spillover effect.
In both cases, OLS and IV coefficients should be substantively different when adjacent
nonelectrified areas most susceptible to these spillovers are excluded from the analysis.

To test this, I reestimate OLS and IV regressions after excluding nonelectrified areas
within a one- and five-kilometer radius of an electrified area. Table 9 presents results
for each restriction. OLS coefficients are never significantly different from zero, while
IV coefficients are large, positive, and close to the main IV estimate: neither 0.076 nor
0.069 could be rejected in the full sample analysis. Using this test, there is no evidence
of large spillovers across communities.

Combining this lack of spatial spillovers with the facts that the roll-out was driven

by household targets, capacity was too small to stimulate even midsize manufacturing
or service enterprises (South African Department ofMinerals and Energy 2004), and
female wages are not increasing in electrifying areas, it is implausible that household
electrification created jobs by sparking the industrialization of rural KZN.

С. Migration and LaborMarket Effects ofElectrification

A final channel through which electrification may affect measured employment
growth is through migration. In Table 10 (panel A, columns 1 and 2), I present
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Table 10- Effects of Electrification on Population Growth, Skill Composition of Labor Force and
Employment of Incumbents

A, log population A, femaleswithhighschool A, males withhighschool
OLS IV OLS IV OLS IV

Ш (2) (3) (4) (5) (6)
PanelA.
Eskom project 0.171*** 3.897*** 0.001 0.129* 0.001 0.076

(0.045) (1.427) (0.005) (0.058) (0.003) (0.050)
N 1,816 1,816 1,816 1,816 1,816 1,816

Atlog non-in-migrant A, femaleemployment A, male employment
population excluding in-migrants excluding in-migrants

PanelB.
Eskom project 0.181*** 4.349*** 0.000 0.116* -0.008 0.086

(0.048) (1.586) (0.005) (0.069) (0.005) (0.069)
N 1,816 1,816 1,816 1,816 1,816 1,816

Notes: Each cell shows thecoefficient(standarderror)onanEskom projectindicatorfromtheOLS orIV regres-
sions ofeach outcome onall controlsas inTable 3.Dependent variable inpanel A, columns 1-2, ischange inlog
Africanpopulation; incolumns 3-6 itisthechange infractionofwomen ormenthathave a completed highschool
education. Dependent variable inpanel B, columns 1and 2,isthechange inlogAfricannon-in-migrantpopula-
tionwherein-migrantshave been subtractedfromthetotalnumberofadultsinthecommunityineach year.In
columns 3-6 ofpanel B, theoutcomes arechange infemaleand male employmentrateswheretheemployment
variables exclude thenumberofin-migrantstoeach communityineach year.Robust standarderrorsclusteredat
subdistrictlevel. Regressions inpanelA,columns 3-6, exclude controlsforbaseline fractionofwomen ormenwith
completed highschool.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

coefficients from OLS and IV regressions of the log of adult population on an
Eskom project indicator and all other control variables. Even after controlling for all
other variables, electrified areas have significantly higher population growth rates

than nonelectrified areas. Population grows by 17 percent more in Eskom project
areas, and this growth is 380 percent higher in the IV specification.29 Given these

large differences in population growth, it is important to consider how migration
may affect the interpretation of the main employment results.
One possibility is that individuals move towards areas that are electrifying, or

away from nonelectrifying areas, since the availability of this new infrastructure

affects the quality of life across areas. This type of response would be captured as

part of the IV employment results. A second possibility is that for reasons unre-

lated to infrastructure roll-out, flat areas have higher in-migration rates or lower

out-migration rates than steep areas. In this case, migration flows could confound IV
employment results. In either case, it is differential migration by employed individu-
als that is relevant for interpreting our employment results. For example, if individu-
als who already have jobs elsewhere move into electrifying areas at higher rates, the

direct impact of electricity on employment creation would be inflated. At the same

29Clearly,insmall communities,numericallysmall increases inpopulation can translateintolargepercentage
changes. The average numberoffemales (males) inthesecommunitiesin1996 is356 (274). This risesto446 (319)
by2001. Justconsideringtherawchanges innumberofadultsovertime,electrifiedareas growatabout 6 percent
peryearwhile nonelectrifiedareas growatabout 3percent.

VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATION ONEMPLOYMENT 3103

Table 10- Effects of Electrification on Population Growth, Skill Composition of Labor Force and
Employment of Incumbents

A, log population A, femaleswithhighschool A, males withhighschool
OLS IV OLS IV OLS IV

Ш (2) (3) (4) (5) (6)
PanelA.
Eskom project 0.171*** 3.897*** 0.001 0.129* 0.001 0.076

(0.045) (1.427) (0.005) (0.058) (0.003) (0.050)
N 1,816 1,816 1,816 1,816 1,816 1,816

Atlog non-in-migrant A, femaleemployment A, male employment
population excluding in-migrants excluding in-migrants

PanelB.
Eskom project 0.181*** 4.349*** 0.000 0.116* -0.008 0.086

(0.048) (1.586) (0.005) (0.069) (0.005) (0.069)
N 1,816 1,816 1,816 1,816 1,816 1,816

Notes: Each cell shows thecoefficient(standarderror)onanEskom projectindicatorfromtheOLS orIV regres-
sions ofeach outcome onall controlsas inTable 3.Dependent variable inpanel A, columns 1-2, ischange inlog
Africanpopulation; incolumns 3-6 itisthechange infractionofwomen ormenthathave a completed highschool
education. Dependent variable inpanel B, columns 1and 2,isthechange inlogAfricannon-in-migrantpopula-
tionwherein-migrantshave been subtractedfromthetotalnumberofadultsinthecommunityineach year.In
columns 3-6 ofpanel B, theoutcomes arechange infemaleand male employmentrateswheretheemployment
variables exclude thenumberofin-migrantstoeach communityineach year.Robust standarderrorsclusteredat
subdistrictlevel. Regressions inpanelA,columns 3-6, exclude controlsforbaseline fractionofwomen ormenwith
completed highschool.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

coefficients from OLS and IV regressions of the log of adult population on an
Eskom project indicator and all other control variables. Even after controlling for all
other variables, electrified areas have significantly higher population growth rates

than nonelectrified areas. Population grows by 17 percent more in Eskom project
areas, and this growth is 380 percent higher in the IV specification.29 Given these

large differences in population growth, it is important to consider how migration
may affect the interpretation of the main employment results.
One possibility is that individuals move towards areas that are electrifying, or

away from nonelectrifying areas, since the availability of this new infrastructure

affects the quality of life across areas. This type of response would be captured as

part of the IV employment results. A second possibility is that for reasons unre-

lated to infrastructure roll-out, flat areas have higher in-migration rates or lower

out-migration rates than steep areas. In this case, migration flows could confound IV
employment results. In either case, it is differential migration by employed individu-
als that is relevant for interpreting our employment results. For example, if individu-
als who already have jobs elsewhere move into electrifying areas at higher rates, the

direct impact of electricity on employment creation would be inflated. At the same

29Clearly,insmall communities,numericallysmall increases inpopulation can translateintolargepercentage
changes. The average numberoffemales (males) inthesecommunitiesin1996 is356 (274). This risesto446 (319)
by2001. Justconsideringtherawchanges innumberofadultsovertime,electrifiedareas growatabout 6 percent
peryearwhile nonelectrifiedareas growatabout 3percent.

VOL 101 NO. 7 DINKELMAN: THE EFFECTS OFRURAL ELECTRIFICATION ONEMPLOYMENT 3103

Table 10- Effects of Electrification on Population Growth, Skill Composition of Labor Force and
Employment of Incumbents

A, log population A, femaleswithhighschool A, males withhighschool
OLS IV OLS IV OLS IV

Ш (2) (3) (4) (5) (6)
PanelA.
Eskom project 0.171*** 3.897*** 0.001 0.129* 0.001 0.076

(0.045) (1.427) (0.005) (0.058) (0.003) (0.050)
N 1,816 1,816 1,816 1,816 1,816 1,816

Atlog non-in-migrant A, femaleemployment A, male employment
population excluding in-migrants excluding in-migrants

PanelB.
Eskom project 0.181*** 4.349*** 0.000 0.116* -0.008 0.086

(0.048) (1.586) (0.005) (0.069) (0.005) (0.069)
N 1,816 1,816 1,816 1,816 1,816 1,816

Notes: Each cell shows thecoefficient(standarderror)onanEskom projectindicatorfromtheOLS orIV regres-
sions ofeach outcome onall controlsas inTable 3.Dependent variable inpanel A, columns 1-2, ischange inlog
Africanpopulation; incolumns 3-6 itisthechange infractionofwomen ormenthathave a completed highschool
education. Dependent variable inpanel B, columns 1and 2,isthechange inlogAfricannon-in-migrantpopula-
tionwherein-migrantshave been subtractedfromthetotalnumberofadultsinthecommunityineach year.In
columns 3-6 ofpanel B, theoutcomes arechange infemaleand male employmentrateswheretheemployment
variables exclude thenumberofin-migrantstoeach communityineach year.Robust standarderrorsclusteredat
subdistrictlevel. Regressions inpanelA,columns 3-6, exclude controlsforbaseline fractionofwomen ormenwith
completed highschool.

***Significantatthe1percentlevel.
**Significantatthe5percentlevel.
*Significantatthe10percentlevel.

coefficients from OLS and IV regressions of the log of adult population on an
Eskom project indicator and all other control variables. Even after controlling for all
other variables, electrified areas have significantly higher population growth rates

than nonelectrified areas. Population grows by 17 percent more in Eskom project
areas, and this growth is 380 percent higher in the IV specification.29 Given these

large differences in population growth, it is important to consider how migration
may affect the interpretation of the main employment results.
One possibility is that individuals move towards areas that are electrifying, or

away from nonelectrifying areas, since the availability of this new infrastructure

affects the quality of life across areas. This type of response would be captured as

part of the IV employment results. A second possibility is that for reasons unre-

lated to infrastructure roll-out, flat areas have higher in-migration rates or lower

out-migration rates than steep areas. In this case, migration flows could confound IV
employment results. In either case, it is differential migration by employed individu-
als that is relevant for interpreting our employment results. For example, if individu-
als who already have jobs elsewhere move into electrifying areas at higher rates, the

direct impact of electricity on employment creation would be inflated. At the same

29Clearly,insmall communities,numericallysmall increases inpopulation can translateintolargepercentage
changes. The average numberoffemales (males) inthesecommunitiesin1996 is356 (274). This risesto446 (319)
by2001. Justconsideringtherawchanges innumberofadultsovertime,electrifiedareas growatabout 6 percent
peryearwhile nonelectrifiedareas growatabout 3percent.

This content downloaded from
�������������95.94.12.212 on Thu, 15 May 2025 04:34:57 UTC��������������

All use subject to https://about.jstor.org/terms



3104 THEAMERICANECONOMICREVIEW DECEMBER 2011

time, if employed adults leave at higher rates from areas that are not being electri-

fied, this would artificially deflate employment in nonproject areas. Either type of

migration flow would change the composition of the population in electrified rela-
tive to nonelectrified areas.
In columns 3 to 6 of Table 10, panel A, I present some evidence that this type of

compositional change is present in my sample. I estimate OLS and IV regressions
of the change in fraction of men and women with a high school education on all
controls (except 1996 education variables) and present coefficient estimates for
the Eskom project indicator. While OLS results indicate no differential change in
the fraction of skilled females and a falling fraction of skilled men in communi-
ties getting access to the grid, the IV results do give us some pause: in columns 4
and 6, the coefficient on Eskom project is large and positive, and even larger than
the corresponding coefficients in the employment regressions of Tables 4 and 5.
A combination of skilled migrants flowing toward flatter areas at higher rates and
skilled migrants leaving steeper areas at higher rates could account for these com-
positional changes.

Ideally, it would be possible to estimate employment effects of electrification net
of all compositional change. As a first step, differential in-migration can be ruled
out as a confounder of the employment results in Table 4. By redefining the employ-
ment to population rate to exclude the total number of recent in-migrants from both
the numerator and denominator (people who move into communities in the five

years before the census), I reestimate the main OLS and IV regressions for the set
of incumbents. The new employment variable is therefore the most conservative
measure of employment for incumbents. Panel B, columns 3 through 6, demonstrate
that electrification effects are still present and, if anything, are larger for incumbent
women, and not significant for men. However, panel B, columns 1 and 2, indi-
cate that in-migration is only part of the story: growth of the incumbent population
(excluding recent in-migrants in 1996 and in 2001) remains higher in areas that
receive an Eskom project by virtue of gradient.
While census data do not allow me to directly test whether higher out-migration

from nonelectrifying areas accounts for all of the main employment result, note that

out-migrants would need to be employed before they migrate for this to be of con-
cern. If out-migrants are unemployed before migrating, then out-migration that is
higher from nonelectrifying areas would work against finding any positive employ-
ment effect of electrification. In fact, although out-migrants from rural KZN do tend
to be more educated than those remaining, they are significantly less likely to be
employed, relative to incumbents.30 Other researchers have also documented these
facts. In an early study, Catherine Cross, TobiasMngadi, andThembaMbhele (1998)
document high rates of rural-to-rural migration in KwaZulu Natal for the purpose of
finding work or finding places to live with better infrastructure. Rulof Burger et al.
(2003) use 1996 census data to show that young men leave rural areas of the former
Transkei for urban areas, and that they do so in search of employment (their analy-
sis does not cover women). These men are not initially employed in rural areas,

30Inonline Appendix 3,1use cross-sectional data froma migrationmodule included inthe2002 September
Labour Force Surveytoshow thatout-migrantsfromruralKZN have significantlyhigherlevels ofeducation than
incumbents,yetsignificantlylower ratesofemploymentthanincumbents.
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despite having some secondary schooling. CallyArdington,Anne Case, andVictoria
Hosegood (2009) show that large cash transfers (pensions) to rural households in
a former homeland area of KZN facilitate an increase in employment of prime-age
adults, particularly of women. They show that this extra household income affects

employment through the channel of financing migration for work. Hence, out-

migration of people without jobs could be higher from steeper than flatter areas in

my sample, but this would not explain the employment effects I estimate in the data.
The results for population growth and composition change in Table 10 hint at two

additional ways that electrification of rural households may affect labor markets.
Electrification appears to encourage people to relocate and may prevent the outflow

of individuals from rural areas. A general equilibrium approach, as well as a richer

dataset Unking migrants to places of origin and destination, would be required to

understand these effects more fully. However, given the profile of out-migrants and
the results for incumbent-only employment rates, we can conclude that even this

type ofmigration in response to electrification cannot account for all of the employ-
ment effects of electrification documented in Section V.

VII. Conclusion

This article uses the mass roll-out of household electrification in South Africa
to measure the direct effects of public infrastructure on employment in rural labor
markets and to investigate the mechanisms through which these effects operate.
Addressing endogenous placement of infrastructure and confounding trends using
two different identification strategies, I show that employment grows in places that

get new access to electricity. Results from aggregate census data combined with

administrative and spatial data on electricity project roll-out indicate large increases
in the use of electric lighting and cooking and reductions in wood-fueled cooking
over a five-year period, as well as a 9 to 9.5 percentage point increase in female

employment.
Further evidence from household-level surveys points towards employment

growth on the extensive and intensive margins for women, and possibly for men

(although effect sizes are large for men, they are not significant at conventional

levels). The fact that female wages fall, while male earnings rise with no signifi-
cant change in male wages, provides additional evidence that electrification did not

spark large increases in the demand for labor through rural industrialization. While
electrification of households changed the technology of home production and likely
had an effect on female labor supply, the evidence presented here cannot rule out

that electricity also altered the types of feasible market activities for all adults. Since
similar employment effects for men and women cannot be rejected under either the

IV strategy or the MD-FE/MD-trends strategy, it is likely that electrification does
not exclusively operate on rural labor markets through the mechanisms of releasing
time from home production.
The final result in the paper highlights the challenge that migration presents for

research into the effects of infrastructure roll-out. Although migration potentially
confounds labor market effects, we saw that electrification raises employment of

incumbent women, separately from any in-migration response. Moreover, I argue
that the profile of out-migrants works against the outflow of individuals explaining
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all of the electrification effects. These results raise interesting questions about how

infrastructure-building could transform rural communities into more urban entities,
either by stimulating in-migration or stemming the tide of out-migration. Addressing
such questions successfully is likely to require a general equilibrium approach that
is beyond the scope of this paper.
This paper presents some of the first evidence on the impact of infrastructure for

rural electrification on labor markets in a developing country. Regardless of the

mechanism, electrification enabled South Africans living in rural areas to increase
their participation in modern labor markets. More generally, the analysis high-
lights three important lessons. First, any evaluation of infrastructure projects should
consider the employment effects of infrastructure provision alongside other direct
effects on welfare (e.g., income, health, education). Second, the effects of an infra-
structure expansion should be interpreted within the specific context of existing eco-
nomic conditions in a country- in the case of South Africa, this context included
the structural changes after the end of apartheid. Finally, despite multiple biases that
make it challenging to cleanly identify the impact of infrastructure on the economy
as well as the mechanisms through which it operates, it is still possible to shed a
great deal of light on these effects by combining the results from several different

empirical approaches.
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