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A B S T R A C T

Using a three-round panel dataset of more than 3,000 households, the paper estimates the impacts of electricity
reliability improvement on the welfare and economic decisions of rural Vietnamese households. The number of
days without power outages in communes per annum is used to proxy for electricity reliability. We employ a
fixed effect regression with an instrumental variable to deal with the endogeneity issue, led by the simultaneous
causal relationship between the reliability of electricity and household outcomes along with the unobservable
variables. We use the similar electricity quality variable but measured in other communes within the same
province as an instrumental variable. Results from this model show that an improvement in electricity reliability
plays an important role in enhancing incomes, durable consumption, access to credit and land investment de-
cisions of rural households.

1. Introduction

A deficiency in electricity access contributes to most problems fa-
cing the poor in the developing world, including challenges in obtaining
adequate education, information, clean water, sanitation, medical care,
food, shelter, and income (Birol, 2007). Given electricity's substantial
benefits1, access to it and other sources of modern energy are con-
sidered important objectives to fulfil the United Nations Sustainable
Development Goals, which many developing countries have supported
through rural electrification projects.

However, most of these analyses have dealt only with electricity
access and not its quality, which may more seriously affect household
welfare, especially that of the poor. In addition, other aspects of out-
come (such as household economic decisions on investment or access to
credit) have not been explored2. Only recently, Chakravorty et al.
(2014) examine the effects of the quality of electricity on household
incomes in rural India. They find that a grid connection and a higher
power quality (fewer outages and more hours per day of electricity
supply) enhanced non-agricultural incomes by about 30 per cent in the
same period.

This study aims to make progress in our understanding of whether

electricity reliability impacts household welfare including income,
durable consumption, education and health. We also investigate how
electricity quality affects household economic decisions, such as agri-
cultural investment and access to credit, in rural Viet Nam.

Viet Nam can be an interesting case study to examine this re-
lationship as it is one of the world's most successful stories in rural
electrification. In 2014, the World Bank ranked Viet Nam as a devel-
oping country with the highest proportion of rural electrification in the
world at more than 99 per cent, compared with only less than 5 per cent
in the late 1970s when the country was just reconstructing after the
war. However, this success is only for electricity access, not for the
quality of its supply or the cost of using it.

We use a data set combining household with commune surveys to
construct a panel sample of 9,557 observations, which cover the period
of 2012–2016 and is representative of Viet Nam's rural population in 12
provinces. We take the number of days without power outage per
annum within communes as a proxy for power reliability.

In order to address potential problems of a simultaneous causal
relationship between power quality and household outcome or omitted
variable problems, we construct a variable that measures the average
number of days without outage in other communes of the same
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1 Many empirical papers show that electrification can improve household incomes (Khandker et al., 2012, 2013; Bridge et al., 2016b; Dinkelman, 2011; Barnes
et al., 2009), expenditures (Khandker et al., 2012, 2013; Saing, 2017), education (Khandker et al., 2012, 2013; Bridge et al., 2016a; Saing, 2017), labour productivity
(Bridge et al., 2016a). For a more comprehensive review, see Jimenez (2017).
2 Although there are a few studies that examine the impacts of the quality of electricity on firm performance. They find that unreliable access to electricity reduces

firm's output, total factor productivity, or revenues (Fisher-Vanden et al., 2015; Allcott et al., 2016; Arnold et al., 2008).
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province as an instrumental variable. We also control for household
fixed effects to capture time-invariant omitted variables. In order to
address potential problems of a simultaneous causal relationship be-
tween power quality and household outcomes or omitted variable
problems, we construct a variable that measures the average number of
days without outage in other communes of the same province as an
instrumental variable. We also control for household fixed effects to
capture time-invariant omitted variables.

The results from the fixed effects regression with instrumental
variables show that power reliability positively impacts household in-
comes. At the same time, an improvement in power reliability makes
households better off with higher income from livestock or aquaculture
production. Besides, reliable electricity is becoming more critical in
affecting household economic decisions such as land investment or
borrowing. Better reliability of the power grid increases the probability
to invest in farm production and the amount of farm investment as well
as the number of labour days used for farm production. It also en-
courages households to borrow for livestock production and asset
purchasing. In addition, the better quality of electricity increases
household's applicant ownership such as fridge, air conditioner or
washing machines.

Our study has two main contributions to the literature. First, it
complements very few studies that examine the impact of electricity
reliability on household welfare. Second, to our knowledge, our ana-
lysis is one of the first studies that investigate the impact of the relia-
bility of electricity on household economic decisions, including land
investment and access to credit.

The paper is organised as follows: Section 2 describes the process of
rural electrification in Viet Nam. Section 3 discusses our data, along
with descriptive analyses of trends in power reliability and other vari-
ables, then presents the empirical model strategy. Section 4 gives esti-
mation results with robustness checks. Section 5 summarises the key
findings and presents some policy recommendations.

2. Rural electrification in Viet Nam

Viet Nam witnessed remarkable economic changes over the last two
decades. Rapid growth was partly the result of the government's com-
mitment to liberalising markets and investing in social sectors and rural
development. The construction of rural infrastructure, access to clean
water, good healthcare, improvement in primary school services, and
the extension of grid electrification improved the quality of life of many
families living in the countryside. Roads had helped rural people gain
access to markets; grid electricity had enhanced education and the
potential for more productive use of time and labour, and improved
water supplies contributed to a healthier population. The rural elec-
trification effort in Viet Nam was one of its most remarkable achieve-
ments, with the share of rural households with electricity access
growing from 2.5 per cent in 1975 to 14 per cent in 1993 and 97.2 per
cent by 2012 (World Bank, 2011; ADB, 2015). The most significant
increase in electricity access (from 50 per cent to 88 per cent) tran-
spired in 1995–2004 when the newly created Electricity of Viet Nam
(EVN), a single-monopoly power company,3 piloted the electrification
of rural communes, and the government set clear electrification targets.
The progress continued after 2005, and by 2012 almost 100 per cent of
the communes and 97.2 per cent of the households in the country had
been connected to the grid (Fig. 1).

The high use of electricity by households mainly came from

preferential pricing favouring residential units. Households paid sub-
stantially lower fees than commercial users (about 50 per cent less in
2011) despite the expensive costs of grid distribution. It explained why
Viet Nam succeeded in quickly providing electricity to rural areas.
However, the below-cost and subsidised tariff rates induced financial
difficulties in operational maintenance and capital investment to the
EVN, putting considerable tension on central government finances. The
grid networks had become obsolete and were unable to meet increasing
demand, causing moderately high technical losses. The reliability of
electricity supply was, therefore, emerging as an important issue. As a
result, since 2005, the government has concentrated on quality and
regulation, in addition to a continuing expansion of electrification rates.
Regulations were enforced, and focus shifted from network extension to
improvement, and the government directly supported minorities and
those in remote areas by extending electricity access. The government's
focus was consequently not only on increasing electrification rates but
also on ensuring efficiency (World Bank, 2011).

3. Data and empirical methodology

3.1. Data description

The paper uses the three waves of rural household panel data set
that were collected in the Vietnam Access to Resources Household
Survey (VARHS) in 2012–2016. These surveys were conducted through
a collaboration between the University of Copenhagen and two
Vietnamese partners, the Central Institute for Economic Management of
the Ministry of Planning and Investment of Vietnam and the Institute of
Labour Science and Social Affairs of the Ministry of Labour, Invalids,
and Social Affairs of Vietnam. The VARHS covers rural households in 12
provinces: Dak Lak, Dak Nong, Dien Bien, Ha Tay, Khanh Hoa, Lai
Chau, Lam Dong, Lao Cai, Long An, Nghe An, Phu Tho, and Quang Nam
(Fig. 2).

Out of the total 9,557 observations in rural areas, there were 3,429
households in 2012; 3,532 in 2014; and 2,596 in 2016. These house-
holds were living in 491 communes during the interview period. The
VARHS surveys represented households living in the rural areas of the
provinces earlier mentioned. The survey consisted of commune mod-
ules and household modules. While there had been some modifications
over the years, the same information was generally collected across all
survey rounds. The commune surveys asked questions on commune
characteristics such as infrastructure, income, and poverty.

The household questionnaire provided information on the general
characteristics of the household and household members (e.g. age,
gender, education, household size) as well as revenue and cost of in-
come-generating activities including agricultural activities, non-farm
self-employment, wage income, transfers, or income from renting out
land or house. There were also questions on health, education,

Fig. 1. Population's Access to Electricity, per cent Source: ADB (2015).

3 Before 1995, the government entirely owned Viet Nam's power sector, with
the Ministry of Energy managing three regional power companies, each of them
responsible for generation, transmission, and distribution within its region. The
Electricity of Vietnam (EVN), now known as Vietnam Electricity, was estab-
lished from a merger of these three companies when the first stage of energy
reforms started in 1995 (ADB, 2015).
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investment and access to credit.
Respondents also gave electricity-related information including the

percentage of households accessing electricity and number of days with
outages during a year. However, to focus our attention to power re-
liability, we only use the information of a question at the commune
level in the survey asking the number of days with power outages in
communes. The exact wording of the question is as follows: ‘How many
days during [year] were there power outages in this commune?”.
However, to make it easier to interpret the empirical results, we use a
number of days without power outages in communes as a proxy for
electricity quality instead.

3.2. Empirical model

The following equation summarises our empirical strategy:

y e X Cijt jt ijt jt i t ijt= + + + + + +

where y is the outcome of household i living in commune j at time t, e
describes the electricity reliability in a commune, C is a vector of
commune characteristics, X is a vector of household characteristics,
and are household and year fixed effects, and is the error term.

In this paper, the outcome y of household i includes the logarithm
forms of family income and income component, cash and labour day
investment in farm production, loan demand for farm, asset purchasing
or consumption purposes, ownership of electrical appliances, having a
member with a health problem or having a member dropped out of high

school. The main interested variable e uses the Ln (Number of days
without power outages in the commune) during a year to proxy for
electricity reliability. Controlled variables used in the model include
household characteristics X (age, gender, marital status and education
of household heads, household size) and commune characteristics C
(commune annual income per capita, proportion of poor households in
communes, share of commune cropland has been irrigated annually,
share of road with central asphalt or concrete in communes). All
monetary variables of interest are inflated to 2016 prices.

By using a measure of electricity reliability at commune levels, any
biases due to direct reverse causality at the household level should be
eliminated. However, the empirical relationship between household
outcomes and the electricity variables can be prone to other sources of
biases. Omitted variables are one source of biases. Time-invariant
household characteristics are, therefore, controlled by including
household fixed effects. Time-varying characteristics are, however,
more difficult to deal with because we may expect potentially con-
founding trends in wealth as well as economic and infrastructural de-
velopment in communes, which could simultaneously affect electricity
variables and household outcomes. In addition, measurement errors in
the power reliability variable also could induce an attenuation bias.

To overcome these concerns, we rely on the idea of Bai et al. (2017)
by taking an average number of days without power outages in the
communes other than its own in the province as an instrumental vari-
able. The identification assumption is that electricity reliability is de-
termined independently by each commune. In particular, our first stage
specification using the leave-one-out instrumental variable is as follows:

e e X Cjt jt ijt jt i t ijt= + + + + + +

where the variable e jt is the average number of days without power
outages in all other communes other than j in the province.

3.3. Descriptive statistics

This section describes the main variable during 2012–2016. Table 1
shows the reliability of electricity has been improved. The number of
days with power outages within a commune was reduced from 25 days
in 2012 to 17 days in 2016, which shows an improvement of power
quality during this period.

As indicated in Table 1, male headed the majority of the rural
households in both 2012 and 2016. There was a slight increase in the
number of female household heads in 2016 compared with 2012.
Household heads were 49 and 54 years old in 2012 and 2016. Their
average year of schooling in 2016 was higher than that in 2012. The
household size tends to be smaller.

The trend shows that household revenues have been improved.
Agricultural activities, dominated by crop production, played the most
critical role for labour incomes. However, the contribution of income
from crop production has declined over time. This phenomenon can be
partly explained by the cropland area has been reduced substantially in
2012–2016. The share of income from aquaculture and livestock ac-
tivities also show a decreasing trend. At the same time, the household
income from nonfarm activities increases in the same period, which
implies switching from agriculture to non-agriculture activities over
time in rural Vietnam.

Along with an apparent reduction in income from farming activities,
there is a reduction in the share of families deciding to invest in im-
proving their irrigation system, soil and water conservation, ponds, or
shrimp farms in 2012–2016. For households who decided to improve
their farmland, the total cash spent on that investment seemed to in-
crease. However, the number of labour days spent on farm production
has been reduced.

Table 1 also exhibits variations in loan demand for different pur-
poses. The proportion of families applying a loan for farm activities has
been diminished, from 7.2 per cent in 2012 to 4.6 per cent in 2016.
However, households seem to borrow a higher amount for livestock

Fig. 2. Map of surveyed provinces Source: Tarp (2017).
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production. No clear trend was observed for loans applied to buy dur-
able assets or for consumption purposes although the average loan
amount for asset purchasing increased in 2012–2016.

Households seem to own more electrical appliances – such as a re-
frigerator, an air conditioner, a washing machine – when their living
standards have been improved. The share of households owning a re-
frigerator has increased from 31.7 per cent to 56 per cent and air
conditioner from 2.8 per cent to 11.1 per cent during the same period.
The proportion of households who own washing machines also in-
creases from 10.3 per cent in 2012 to 22.2 per cent in 2016.

In terms of health, due to limited information, we use a proxy of
whether a household member suffered from any health problems during
the last two weeks. On educational attainment, we use an indicator for
whether a household has a member aged 7–22 years who was not at-
tending a school or not graduating from high school. The figures reveal
that there is a downward trend in the proportion of households having
members with health problems, from 22.3 per cent in 2012 to 20.4 per
cent in 2016. Similarly, lower rates of dropout rate among households
are also observed. Specifically, the ratio of dropping out of high school,
which was 12.0 per cent in 2012, has been reduced to 7.5 per cent in
2016.

Also demonstrated in Table 1, economic variables at the commune
level, such as income per capita and share of poor households show
some improvement between the two periods. Communes also have
better infrastructure. Overall, there is an improvement in indicators of
quality of life of households and commune infrastructures in rural
Vietnam between 2012 and 2016. Similarly, the figures in Table 1 also
indicate that economic and infrastructure conditions at provincial le-
vels are improving with high economic growth and better connection.

4. Empirical results

We estimate equation (1) using the fixed effects regression with an
instrumental variable.4 All models include time dummies to take into
account changes over time in the economic environment. In all esti-
mations, we also add household and commune characteristics to control
for time-varying effects that may bias the results. The tables provide
estimated coefficients with robust standard errors clustered at the
household level. The values of dependent variables are inflation-ad-
justed to reflect changes in prices over time. The F-statistic of excluded
instruments is 224, well above the critical values (10) identified by
Staiger and Stock (1997), showing that a weak instrument is not our
concern.

Previous empirical studies show that electricity shortage can also
seriously affect income or labour productivity (Bridge et al., 2016b).
Likewise, Barnes et al. (2009) find that electrification improves the
income of farm-based households. The possible mechanism to boost this
income is the utilisation of electric pumps for irrigation, which in turn
leads to higher earnings from agriculture. Better supply of electricity
also creates opportunities for many small entrepreneurial activities
which can take place within the household, increasing its non-wage
income.

The results from Table 2 indicate that the reliability of electricity
plays an important role in improving household income. The result in
column (1) shows that reducing the number of power outages tends to
increase household incomes, which is statistically significant at the
level of 11 per cent. Particularly, on average, an increase in electricity
reliability by one percentage point (equivalent to 3.6 days without
outage in a year) results in one per cent increase in household income,
ceteris paribus.

In addition, power quality also has different impacts on household
income components. As reported in columns (2)–(5) of Table 2, higher
electricity reliability helps improving household income from livestock
and aquaculture activities but seems to have no statistically significant
impact on income sources from crop production and non-farm activ-
ities. One possible explanation for this is an improvement in power

Table 1
Descriptive statistics.
Source: Vietnam Access to Resources Household Surveys 2012–2016.

Variables 2012 2014 2016

Electricity variables
Number of days without power outages 340 346 348
Number of days without power outages in other

communes
335 345 348

Household characteristics
Age of HH head 49.2 51.3 54.2
% HH head is male 81.2 79.8 76.5
% HH head is married 82.0 82.0 78.7
% HH head finished primary school 27.2 24.4 23.5
% HH head finished lower secondary school 28.8 32.1 38.0
% HH head finished at least high school 12.6 15.2 22.0
Household size 4.6 4.5 4.1

Total household income per annum (1000 VND) 82,099 91,018 105,185
Household income from crop production per annum

(1000 VND)
20,835 20,723 16,847

Household income from livestock production per
annum (1000 VND)

5956 5623 5156

Household income from aquaculture production per
annum (1000 VND)

1840 1673 1135

Household income from nonfarm activities per
annum (1000 VND)

3565 3440 5101

% HH has a loan for agriculture activities 7.2 6.5 4.6
% HH has a loan for livestock production 6.3 4.6 3.4
% HH has a loan for asset purchasing 6.9 4.6 5.1
% HH has a loan for consumption 2.6 3.1 2.1
Average loan amount for agriculture activities per

annum (1000 VND)
582 890 584

Average loan amount for livestock production per
annum (1000 VND)

1568 1234 3341

Average loan amount for asset purchasing per
annum (1000 VND)

5458 4568 6414

Average loan amount for consumption per annum
(1000 VND)

1183 583 1081

% HH invest in farm production 21.2 16.9 15.0
Cash investment in farm production per annum
(1000 VND)

1009 1822 1742

Labour days invested in farm production per
annum

5.6 3.2 2.8

% HH has a refrigerator 31.7 45.0 56.0
% HH has an air conditioner 2.8 5.3 11.1
% HH has a washing machine 10.3 16.0 22.2

% HH at least one member with a health problem 22.3 18.2 20.4
% HH at least one member dropped out of high

school
12.0 11.2 7.5

Commune characteristics
Ln(Commune annual income per capita) 8.4 9.5 9.8
% Poor households in communes 25.7 18.5 7.8
% Commune cropland has been irrigated annually 50.1 56.1 57.0
% Road with central asphalt or concrete in

communes
56.6 66.0 85.9

Province characteristics
Ln(Provincial gross domestic product) 10.5 10.8 11.4
Provincial growth of industrial production 7.6 7.0 12.1
Ln(number of internet and phone subscribers in
provinces)

6.9 6.8 7.2

Observations 3429 3532 2596

Note: Standard errors in brackets. All monetary variables are inflated to 2016
prices.

4 We used the command xtivreg2 in STATA with a cluster option.
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reliability makes households better off when switching to other higher-
valued activities such as raising livestock or aquaculture rather than
relying on only crop production. In details, the results show that,
keeping other things equal, one per cent improvement in the number of
days without power outages increases household income from livestock
production by approximately 8 per cent and from aquaculture activities
by 11.6 per cent, respectively. This result is consonant with the findings
from Chakravorty et al. (2014) where they show that the quality of
power strongly increased the benefit of electrification for non-crop
household income. This highlights the importance of providing reliable
electricity on changes in household income components.

It is worth noting that this outcome reflects variations within
households when the household and time fixed effects are controlled.
Therefore, although there is an overall trend of switching from farming
to non-farm activities over time (see Table 1), which may be associated
with changes in policy or economic environment affecting all rural
households, those relying on livestock or aquaculture production still
get benefits from more reliable electrification.

In Table 3, we investigate the impact of the power quality on the
decision to invest, with cash and labour, in improving the irrigation
system, and conserving soil and water, ponds, or shrimp farms. The
results show that the reliability of the power grid increases the prob-
ability to invest in farm production and the amount of farm investment
as well as the number of labour days used for agricultural production.
Regular outages could reduce households’ expected returns, making
them reluctant to invest. In particular, one per cent improvement in
electricity grid quality increases the probability to invest in farm pro-
duction by 3.6 per cent. In terms of the absolute terms, one per cent
higher in power quality results in increases by 25.7 per cent and 28 per
cent in cash investment and the number of labour days used for farm
production, respectively. This outcome is consistent with the one from
Table 2 where farming activities such as livestock or aquaculture in-
come are improved as a result of a more reliable power grid.

We further explored the impact of electrification on loan demand,
which is presented in Table 4. The outcome from this table shows that
electricity reliability has positive impacts on loan for livestock pro-
duction and asset purchasing. One per cent increase in the number of
days without power outages increased the probability to apply loan for
livestock production by 0.79 per cent and for asset purchasing by 0.56
per cent. One potential explanation is that better power quality

encourages households to purchase more durable applicants, and they
can be financed from borrowing. In contrast, households are less likely
to apply loan for crop production with an improvement in grid

Table 2
The impact of electricity reliability on household incomes.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5)

Ln(Income) Ln (Income from Crop
production)

Ln(Income from Livestock
production)

Ln(Income from Aquaculture
production)

Ln (Nonfarm income)

Ln (Number of days without power outages
per annum in communes)

1.03
(0.64)

2.21
(3.26)

7.91*
(4.81)

11.60***
(3.40)

1.49
(2.77)

Observations 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes
F-test for the excluded instrument: 224

Notes: Standard errors, cluster at household level in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. ***Significant at the 1% level, **Significant at the 5% level,
*Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the electricity
reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number of days
without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per annum in
communes); (b) The F-test for excluded instrument is larger than 10 (224), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at the 1%
level, **Significant at the 5% level, *Significant at the 10% level.

Table 3
The impact of electricity reliability on farm investment.
Source: Our calculations from Vietnam Access to Resources Household Surveys
2012–2016.

(1) (2) (3)

Invest in farm
production

Ln(Cash
investment in
farm
production)

Ln(Labour days
used for farm
production)

Ln (Number of days
without power
outages per annum
in communes)

3.62***
(0.46)

25.66***
(4.91)

28.02***
(3.45)

Observations 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563

Household controls Yes Yes Yes
Commune controls Yes Yes Yes
Year dummies Yes Yes Yes
Household FE Yes Yes Yes
F-test for the excluded instrument: 224

Notes: Standard errors, cluster at the household level, in parentheses.
Household control variables are age, gender, schooling of household head,
household size. Commune control variables are Ln(Commune average annual
income per capita), percentage of poor households in communes, percentage of
commune cropland has been irrigated annually, percentage of the road with
central asphalt or concrete in communes. ***Significant at the 1% level,
**Significant at the 5% level, *Significant at the 10% level. In all columns, the
ratio of days without outage in other communes of the same province is used as
the instrument for the electricity reliability (the ratio of days without outage
within the commune). In the 1st stage of the FE IV regression of electricity
reliability: (a) Ln(Average number of days without power outages per annum in
other communes in the same province) is used as an instrument for Ln(Number
of days without power outages per annum in communes); (b) The F-test for
excluded instrument is larger than 10 (224), implying the instrument is strong
(see Staiger and Stock, 1997). ***Significant at the 1% level, **Significant at
the 5% level, *Significant at the 10% level.
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reliability.
Table 5 reports the same impact of power reliability on household

borrowing except the dependent variables are the amount of bor-
rowing. The results in column (1) to (5) of Table 5 show consistent
evidence with Table 4. Again, better power reliability increases the
amount of borrowing for livestock production and asset purchasing but
reduces the borrowing amount for crop production. This also reflects
the above story that rural households have less rested on crop pro-
duction and benefited more from non-crop activities. Therefore, they
have reduced borrowing amount for crop production and increased
loan for other non-crop activities.

The first three columns of Table 6 illustrate the impact of power
interruption on electrical appliance demand. Better power reliability

makes less uncertainty, which may change households’ consumption
behaviour. Being consistent with the description in Table 1, it is a clear
and consistent trend that households connected to the more reliable
electricity grid tend to purchase more electrical appliances such as a
refrigerator, an air conditioner, or a washing machine that improve
family living standards and produce better food preservation and
greater comfort. In details, keeping other things equal, one per cent
increase in the number of days without power outages increases the
probability of a household owning a fridge by 0.87 per cent, an air
conditioner by 1.07 per cent and a washing machine by 0.71 per cent,
respectively. These results are also consistent with the estimation in
Tables 4 and 5 which shows that households tend to borrow more for
asset purchasing as the quality of power is improved.

Table 4
The impact of electricity reliability on the decision to borrow.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5)

Apply loan for crop
production

Apply loan for livestock
production

Apply loan for aquaculture
production

Apply loan for asset
purchasing

Apply loan for
consumption

Ln (Number of days without power
outages per annum in communes)

−0.68***
(0.24)

0.79***
(0.25)

0.02
(0.03)

0.56**
(0.25)

−0.16
(0.19)

Observations 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes
F-test for the excluded instrument: 224

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. ***Significant at the 1% level, **Significant at the 5% level,
*Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the electricity
reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number of days
without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per annum in
communes); (b) The F-test for excluded instrument is larger than 10 (224), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at the 1%
level, **Significant at the 5% level, *Significant at the 10% level.

Table 5
The impact of electricity reliability on the borrowing amount.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5)

Ln(Loan for crop
production)

Ln(Loan for livestock
production)

Ln(Loan for aquaculture
production)

Ln(Loan for asset
purchasing)

Ln(Loan for consumption)

Ln (Number of days without power
outages per annum in communes)

−5.49***
(1.76)

11.64***
(3.64)

0.34
(0.52)

8.70**
(3.80)

−2.03
(2.69)

Observations 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes
F-test for the excluded instrument: 224

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. ***Significant at the 1% level, **Significant at the 5% level,
*Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the electricity
reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number of days
without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per annum in
communes); (b) The F-test for excluded instrument is larger than 10 (224), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at the 1%
level, **Significant at the 5% level, *Significant at the 10% level.
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Finally, we check the effect of grid reliability on educational at-
tainment and health (the last two columns of Table 6). Khandker et al.
(2013) argue that access to electricity may increase children's study
hours due to improved lighting. Therefore, getting to electricity help
children increase their completed years of schooling or stay in school
longer than those in households not connected. Similarly, the lack of
electricity makes it impossible for schools to tap modern technology,
severely limiting their capacity to access information (Kanagawa and
Nakata, 2008a,b). Results from column (4) in Table 6 show a negative
correlation between dropout rates from high school and reliable elec-
tricity. However, the coefficient magnitude is small and not statistically
significant.

Electricity may also influence health outcomes in several ways.
Using electricity for cooking will reduce the indoor burning of biofuels
that is one of the greatest health concerns facing developing countries
(Sagar, 2005). In addition, better access to high-quality power make
household willing to by preservation equipment such as a fridge that
can help to keep foodstuffs for a longer time and reduce the risk of food
contamination. However, as indicated in column (5) in Table 6, power
reliability has no statistically significant effect on health. One possible
reason is that electricity is not used primarily for cooking and the habit
of using biomass in cooking might be a direct factor causing health
issues in rural Vietnam.

4.1. Sensitivity tests

One of our assumptions in our IV estimation is that electricity re-
liability is determined independently by each commune. This assump-
tion could be violated. Electricity outages may depend on commune
economic development, which may correlate with income growth in
neighbouring communes and what is happening at the province level as
well. Therefore, economic and infrastructural development in pro-
vinces, which could simultaneously affect power reliability variables
and household outcomes and biases our estimates.

To check the potential of these biases, we conduct a sensitivity
analysis by adding province's economic and infrastructure development
variables, including Ln(provincial gross domestic product), provincial
growth of industrial production, Ln(number of provincial internets and
phone subscribers). If the results are biased because of confounding

economic and infrastructural development, we would expect the esti-
mates to be sensitive to adding these variables. The results in Tables 7
and 8 indicate that the coefficients are almost similar to those in Tables
2–6 in all estimation and statistically significant, confirming the role of
power reliability on household welfare and decisions.

We also examine the effects of power reliability on households with
a different rate of electrification. In particular, we divided the samples
into communes who have has 100 per cent electrified rate since 2012
and the remaining communes. We expect that rural households in fully
electrified communes will have different patterns of consumption and
borrowing activities compared to the remaining ones. In addition, the
composition of household incomes may change differently between the
two groups of communes when they are facing the same improvement
in electricity quality. The estimations are reported from Tables 9–12. As
expected, the results in column (7) to (9) in Table 11 indicate power
reliability had more profound effects on household investment in
communes that have not been fully electrified. In fact, the magnitude of
those coefficients is about three times higher than those in Table 9.
Similarly, the results in columns (3) and (4) in Table 11 shows that an
improvement in power quality also has higher impacts on household
aquaculture income and probability to own fridge compared to those in
Table 9. Table 12 documents the effects of power reliability on
household borrowing in communes that have not been fully electrified.
The results in columns (2) and (5) indicate that better power quality
results in higher household borrowings for livestock production,
whereas the same effects have not happened in the fully electrified
communes. On the contrary, more reliable power had a higher impact
on borrowing for asset purchasing or air conditioner ownership in fully
electrified communes as reported in Table 10. In general, those results
highlight that the impact of electrification on households cannot be
considered independently of power reliability.

5. Conclusions and policy implications

Viet Nam has been prosperous to promote rural electrification. With
its rapidly growing economy, it had the necessary financing available to
quickly expand electricity access and improve the quality of electricity
for millions of rural people. This paper sought to examine the effects of
electricity reliability on household welfare and economic decisions by

Table 6
The impact of electricity reliability on durable asset purchases, health and education.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5)

Has fridge Has air-conditioner Has washing
machine

Has a member dropping out of
high school

Has a member with health
problem

Ln (Number of days without power outages per
annum in communes)

0.87**
(0.37)

1.07***
(0.19)

0.71***
(0.26)

−0.02
(0.36)

0.57
(0.45)

Observations 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes
F-test for the excluded instrument: 224

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. ***Significant at the 1% level, **Significant at the 5% level,
*Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the electricity
reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number of days
without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per annum in
communes); (b) The F-test for excluded instrument is larger than 10 (224), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at the 1%
level, **Significant at the 5% level, *Significant at the 10% level.
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using the data set of households and communes in rural Viet Nam in
2012–2016. To tease out the causal effects, we used the fixed effect
regression with an instrumental variable. We found that the quality of
power positively affects household incomes. In addition, better power
reliability makes households benefit more from livestock or aquaculture
production. Besides, reliable electricity also plays an important role in

affecting household economic decisions such as land investment or
borrowing. Higher reliability of power increases the investment in farm
production and encourages households to borrow for livestock pro-
duction and asset purchasing. In addition, the better quality of elec-
tricity increases household's durable asset ownership such as fridge, air
conditioner or washing machines.

Table 8
The impact of electricity reliability. Adding provincial characteristics.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln(Income) Ln(Income
from
Livestock)

Ln(Income from
Aquaculture)

Has fridge Has air-
conditioner

Has
washing
machine

Invest in farm
production

Ln(Cash
investment in
farm production)

Ln(Labour days
used for farm
production)

Ln (Number of days
without power
outages per annum in
communes)

1.34**
(0.65)

8.46*
(4.82)

12.46***
(3.42)

0.87**
(0.37)

1.02***
(0.20)

0.67**
(0.26)

3.79***
(0.47)

26.84***
(4.89)

29.01***
(3.44)

Observations 9,557 9,557 9,557 9,557 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 221

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (221), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.

Table 7
The impact of electricity reliability. Adding provincial characteristics.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

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

Apply loan for crop
production

Apply loan for
livestock production

Apply loan for asset
purchasing

Ln(Loan for crop
production)

Ln(Loan for livestock
production)

Ln(Loan for asset
purchasing)

Ln (Number of days without power
outages per annum in
communes)

−0.67***
(0.24)

0.77***
(0.24)

0.55**
(0.25)

−5.23***
(1.79)

11.31***
(3.58)

8.51**
(3.84)

Observations 9,557 9,557 9,557 9,557 9,557 9,557
Number of HH 3,563 3,563 3,563 3,563 3,563 3,563

Household controls Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 221

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (221), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.
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The findings highlight the importance of improving electricity re-
liability when most people can access electricity nowadays. Our results
provided evidence on how policies that aim to provide reliable elec-
tricity to households may bring about significant economic develop-
ment through promoting household incomes, consumption, investment
and access to credit.

The results also bring important implications for economic regula-
tion. Because electricity supply is typically a natural monopoly, so
customers dissatisfy with the quality or price of the service often have
no alternatives to choose. This makes it important for regulators to
monitor utilities’ performance on matters relating to outages.

Table 10
The impact of electricity reliability. Communes with full electrification.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

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

Apply loan for crop
production

Apply loan for
livestock production

Apply loan for asset
purchasing

Ln(Loan for crop
production)

Ln(Loan for livestock
production)

Ln(Loan for asset
purchasing)

Ln (Number of days without power
outages per annum in
communes)

−0.39
(0.36)

0.37
(0.31)

0.94**
(0.45)

−2.21
(2.00)

5.96
(4.62)

15.25**
(7.00)

Observations 4,469 4,469 4,469 4,469 4,469 4,469
Number of HH 1,527 1,527 1,527 1,527 1,527 1,527

Household controls Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 131

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (131), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.

Table 9
The impact of electricity reliability. Communes with full electrification.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln(Income) Ln(Income
from
Livestock)

Ln(Income from
Aquaculture)

Has fridge Has air-
conditioner

Has
washing
machine

Invest in farm
production

Ln(Cash
investment in
farm production)

Ln(Labour days
used for farm
production)

Ln (Number of days
without power
outages per annum in
communes)

0.78
(1.04)

5.59
(8.03)

0.87
(4.50)

−0.89
(0.62)

1.34***
(0.33)

0.70
(0.49)

1.58**
(0.62)

18.10**
(7.35)

11.10**
(4.58)

Observations 4,469 4,469 4,469 4,469 4,469 4,469 4,469 4,469 4,469
Number of HH 1,527 1,527 1,527 1,527 1,527 1,527 1,527 1,527 1,527

Household controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 131

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (131), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.

D.A. Dang and H.A. La Energy Policy 131 (2019) 399–409

407



Acknowledgement

Our work was financially and technically supported by Economic
Research Institute for ASEAN and East Asia (Grant No.: ERIA-RD/RE-
001-001-721/09/FY2017). The views expressed in this paper are en-
tirely the authors' and do not reflect those of their affiliated organisa-
tions.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.enpol.2019.04.036.

References

Allcott, Hunt, Collard-Wexler, Allan, Stephen, D., O'Connell, 2016. How do electricity
shortages affect industry? Evidence from India. Am. Econ. Rev. 106 (3), 587–624.

Table 12
The impact of electricity reliability. Communes without full electrification.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

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

Apply loan for crop
production

Apply loan for
livestock production

Apply loan for asset
purchasing

Ln(Loan for crop
production)

Ln(Loan for livestock
production)

Ln(Loan for asset
purchasing)

Ln (Number of days without power
outages per annum in
communes)

−1.29***
(0.37)

0.72**
(0.33)

0.16
(0.29)

−10.18***
(2.78)

10.53**
(4.89)

2.25
(4.57)

Observations 5,088 5,088 5,088 5,088 5,088 5,088
Number of HH 2,036 2,036 2,036 2,036 2,036 2,036
Household controls Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 125

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (125), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.

Table 11
The impact of electricity reliability. Communes without full electrification.
Source: Our calculations from Vietnam Access to Resources Household Surveys 2012–2016.

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Ln(Income) Ln(Income
from
Livestock)

Ln(Income from
Aquaculture)

Has fridge Has air-
conditioner

Has
washing
machine

Invest in farm
production

Ln(Cash
investment in
farm production)

Ln(Labour days
used for farm
production)

Ln (Number of days
without power
outages per annum in
communes)

0.53
(0.79)

6.65
(6.18)

8.47*
(4.53)

1.04**
(0.47)

0.56***
(0.20)

0.07
(0.30)

4.69***
(0.67)

36.94***
(7.07)

37.18***
(5.07)

Observations 5,088 5,088 5,088 5,088 5,088 5,088 5,088 5,088 5,088
Number of HH 2,036 2,036 2,036 2,036 2,036 2,036 2,036 2,036 2,036

Household controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Commune controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Province controls Yes Yes Yes Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes Yes
Household FE Yes Yes Yes Yes Yes Yes Yes Yes Yes
F-test for the excluded instrument: 125

Notes: Standard errors, cluster at the household level, in parentheses. Household control variables are age, gender, schooling of household head, household size.
Commune control variables are Ln(Commune average annual income per capita), percentage of poor households in communes, percentage of commune cropland has
been irrigated annually, percentage of the road with central asphalt or concrete in communes. Province control variables include Ln(Provincial gross domestic
product), Provincial growth of industrial production, Ln(number of internet and phone subscribers in provinces). ***Significant at the 1% level, **Significant at the
5% level, *Significant at the 10% level. In all columns, the ratio of days without outage in other communes of the same province is used as the instrument for the
electricity reliability (the ratio of days without outage within the commune). In the 1st stage of the FE IV regression of electricity reliability: (a) Ln(Average number
of days without power outages per annum in other communes in the same province) is used as an instrument for Ln(Number of days without power outages per
annum in communes); (b) The F-test for excluded instrument is larger than 10 (125), implying the instrument is strong (see Staiger and Stock, 1997). ***Significant at
the 1% level, **Significant at the 5% level, *Significant at the 10% level.

D.A. Dang and H.A. La Energy Policy 131 (2019) 399–409

408

https://doi.org/10.1016/j.enpol.2019.04.036
https://doi.org/10.1016/j.enpol.2019.04.036
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref1
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref1


Arnold, J.M., Mattoo, A., Narciso, G., 2008. Services inputs and firm productivity in Sub-
Saharan Africa: evidence from firm-level data. J. Afr. Econ. 17 (4), 578–599.

Asian Development Bank (ADB), 2015. Assessment of Power Sector Reforms in Viet Nam:
Country Report. ADB, Mandaluyong. https://www.adb.org/sites/default/files/
institutional-document/173769/vie-power-sector-reforms.pdf, Accessed date: 10
August 2018.

Bai, J., Jayachandran, S., Malesky, E.J., Olken, B.A., 2017. Firm growth and corruption:
empirical evidence from Vietnam. Econ. J. https://doi.org/10.1111/eco j.12560.

Barnes, D.F., Khandker, S.R., Nguyen, M.H., Samad, H.A., 2009. Welfare Impacts of Rural
Electrification: Evidence from Vietnam. World Bank, Washington, DC.

Birol, F., 2007. Energy economics: a place for energy poverty in the agenda? Energy J. 28
(3), 1–6.

Bridge, B., Adhikari, D., Fontenla, M., 2016a. Electricity, income, and quality of life. Soc.
Sci. J. 53 (1), 33–39.

Bridge, B., Adhikari, D., Fontenla, M., 2016b. Household-level effects of electricity on
income. Energy Econ. 58, 222–228.

Chakravorty, U., Pelli, M., Marchand, B.U., 2014. Does the quality of electricity matter?
Evidence from rural India. J. Econ. Behav. Organ. 107, 228–247.

Dinkelman, T., 2011. The effects of rural electrification on employment: new evidence
from South Africa. Am. Econ. Rev. 101 (7), 3078–3108.

Fisher-Vanden, Karen, Mansur, Erin T., Wang, Qiong (Juliana), 2015. Electricity
shortages and firm productivity: evidence from China's industrial firms. J. Dev. Econ.
114, 172–188.

Jimenez, R., 2017. IDB Policy Brief. Development Effects of Rural Electrification, vol.
261 Inter-American Development Bank.

Kanagawa, M., Nakata, T., 2008a. Assessment of access to electricity and the socio-eco-
nomic impacts in rural areas of developing countries. Energy Pol. 36 (6), 2016–2029.

Khandker, S.R., Barnes, D.F., Samad, H.A., 2012. The welfare impacts of rural elec-
trification in Bangladesh. Energy J. 33 (1), 187–206.

Khandker, S.R., Barnes, D.F., Samad, H.A., 2013. Welfare impacts of rural electrification:
a panel data analysis from Vietnam. Econ. Dev. Cult. Change 61 (3), 659–692.

Kanagawa, M., Nakata, T., 2008b. Assessment of access to electricity and the socio-eco-
nomic impacts in rural areas of developing countries. Energy Pol. 36 (6), 2016–2029.

Sagar, A.D., 2005. ‘Alleviating energy poverty for the world's poor. Energy Pol. 33 (11),
1367–1372.

Saing, C.H., 2017. Rural electrification in Cambodia: does it improve the welfare of
households? Oxf. Dev. Stud. 46 (2), 1–17.

Staiger, D., Stock, J., 1997. Instrumental variables regression with weak instruments.
Econometrica 65, 557–586.

Tarp, F., 2017. Growth, Structural Transformation, and Rural Change in Viet Nam: a
Rising Dragon on the Move. Oxford University Press, Oxford, England.

World Bank, 2011. Vietnam - State and People, Central and Local, Working Together: the
Rural Electrification Experience. The World Bank, ’ Washington, DC. http://
siteresources.worldbank.org/INTEAPASTAE/Resources/Viet-Elec-WebReport.pdf,
Accessed date: 10 August 2018.

D.A. Dang and H.A. La Energy Policy 131 (2019) 399–409

409

http://refhub.elsevier.com/S0301-4215(19)30285-X/sref2
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref2
https://www.adb.org/sites/default/files/institutional-document/173769/vie-power-sector-reforms.pdf
https://www.adb.org/sites/default/files/institutional-document/173769/vie-power-sector-reforms.pdf
https://doi.org/10.1111/eco j.12560
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref6
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref6
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref7
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref7
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref8
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref8
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref9
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref9
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref10
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref10
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref11
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref11
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref12
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref12
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref12
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref13
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref13
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref14
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref14
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref15
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref15
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref16
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref16
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref17
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref17
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref18
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref18
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref19
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref19
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref20
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref20
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref21
http://refhub.elsevier.com/S0301-4215(19)30285-X/sref21
http://siteresources.worldbank.org/INTEAPASTAE/Resources/Viet-Elec-WebReport.pdf
http://siteresources.worldbank.org/INTEAPASTAE/Resources/Viet-Elec-WebReport.pdf

	Does electricity reliability matter? Evidence from rural Viet Nam
	Introduction
	Rural electrification in Viet Nam
	Data and empirical methodology
	Data description
	Empirical model
	Descriptive statistics

	Empirical results
	Sensitivity tests

	Conclusions and policy implications
	Acknowledgement
	Supplementary data
	References




