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Abstract 

Our study uses a small area estimation method to estimate the average and inequality of per capita 

kWh consumption for small areas in Vietnam. It shows evidence of a large spatial heterogeneity in 

the electric power consumption between districts and provinces in Vietnam. Households in the 

mountains and highlands consumed remarkably less electricity than those in the delta and coastal 

areas. Notably, we find a U-shaped relationship between the inequality of electricity consumption 

and economic levels in Vietnam. In poor districts and provinces, there is very high inequality in 

electricity consumption. Inequality is lower in middle-income districts and provinces.  
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1. Introduction 

One of the notable facts about the long-term process of economic development is the Kuznets 

curve, also known as the inverted U-shape patterns of inequality (Acemoglu & Robinson, 2002). 

Using both time series data of the United States, the United Kingdom and two states in Germany, 

Kuznets (1955) found that as countries developed, inequality first increased, peaked and then 

declined. Although there have been an intensive number of studies examining the empirical validity 

of the Kuznets curve for different countries and datasets, the empirical evidence is rather 

inconclusive (Anand and Kanbur, 1993; Lindert, 1986; Morrisson, 1999). While historical 

investigations from Western European countries such as England, France, Germany and Sweden 

tend to support the Kuznets hypothesis, inequality has consistently experienced falls during the 

process of economic development in some Asian countries such Japan, South Korea and Taiwan 

(Acemoglu and Robinson, 2002). Gallup (2012) noted, from a careful review of previous studies, 

that the Kuznets hypothesis seems to be validated only with cross sectional data, while it should 

hold within countries. Using an international panel inequality data of 87 countries, the author 

estimated the relationship between inequality and income from two nonparametric models (i.e., a 

non- parametric fixed effects trend and a stochastic kernel model) and finds an anti-evidence of the 

Kuznets because inequality decreases in low-income countries and increases in high-income 

countries. A more recent study by Jovanovic (2018) questions the conditions under which the 

Kuznets curve would exist for a sample of 26 ex-socialist countries in Eastern Europe over the 

period 1990-2011 and shows evidence that this hypothesis is only valid when there are effective 

control of companies’ power and high taxes.  

Inequalities are often measured and discussed in terms of income or some related monetary 

aspects. Nevertheless, disparities in energy access and use by households within a country migh 
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reflect inequality in living standards better than income inquality (Pachuari & Rao, 2014). The 

residential demand for electricity is also growing consistently in line with the societies’ rising 

economic affluence (Meier, Jamasb, and Orea, 2013). Thus, the household sector accounts for a 

large and increasing share of total electricity use and the same trend has been observed in Vietnam 

(Asian Development Bank or ADB, 2015). A distinctive economic attribute of electricity demand 

by households is that it is not determined by the utility for the use of electricity per se. Rather, 

electricity is a vital input for using a wide range of services provided by many appliances and 

devices. Therefore, the demand of electricity is driven by the need for services required for a lot of 

necessities such as cooking, lighting, cooling and heating, to normal and luxury leisure activities 

(Meier et al., 2013). To the extent that a household’s income rises, its demand for and ultimately 

its spending on electricity tend to increase. Income elasticity of electricity demand can change with 

income levels. This leads, in turn, to inequality in electricity consumption among households, and 

this inequality can change across different development levels. 

Together with economic growth, consumption of electrical energy has increased 

remarkably in Vietnam. Vietnam's power consumption has increased by more than 20 times over 

the last three decades (Phu, 2020). Access to electricity remained however unequal by income 

group and by region. According to the General Statistics Office of Vietnam (GSO, 2013), around 

98% of the richest households—the top quintile—had access versus 84.8% for the poorest—the 

bottom quintile. Disparity was also found among geographic regions. In rich regions such Red 

River Delta and Southeast nearly 100% of house have access to electricity, while in the poor region 

such as North West and the Central Highlands were the worst off, with power available to only 

72.1% and 87.4% of households, respectively (ADB, 2015). Compared with inequality in 
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consumption expenditure, inequality in electricity consumption is much higher. In 2010, the Gini 

index of per capita expenditure was 0.39, while that of per capita electricity consumption was 0.52.  

In this study, we address the inequality-income nexus by investigating, firstly, the spatial 

distribution of electricity consumption and subsequently the relationship between inequality in 

electricity consumption and well-being as measured by expenditure consumption per capita across 

districts and provinces in Vietnam. To best of our knowledge, there is limited evidence on 

inequalities in electricity in the literature and no evidence has been provided in Vietnam thus far, 

while empirical results would help better design the electricity access policy to ultimately foster 

sustainable development goals. At the empirical stage, we draw evidence from two dedicated 

datasets (the Vietnam Household Living Standard Survey and the Vietnam Population and Housing 

Census) which collect information for individuals (demographics, education, employment, health, 

and migration), households (durables, assets, production, income and expenditure, and 

participation in government programs). The availability of information about the household access 

to electricity is particularly advantageous as it allows for investigating the special distribution of 

households having access to electricity across districts and provinces. Our results indicate that the 

economic development proxied by per capital electricity expenditure significantly affects power 

consumption inequality in a nonlinear manner according to a U-shaped curve. The inequality was 

also found to exist across both provinces and districts. It is particularly accentuated in poor regions 

such as the Northern mountains, the Central Highlands, and the Mekong Delta region.  

A challenge in estimating the spatial pattern of electricity consumption is the lack of data 

on electricity consumption at the district level. In Vietnam, sample household surveys such as 

Vietnam Living Standard Surveys (henceforth referred to as VHLSS) contains data on electricity 

consumption of households, but these surveys are not representative at the district or provincial 
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level. On the other hand, population censuses have the large coverage of households but do not 

contain data on electricity consumption. In this study, we combine the 2010 VHLSS and the 2009 

Population and Housing Census of Vietnam and use the small area estimation method developed 

by Elbers et al. (2002, 2003) in order to predict the average and inequality of electric power 

consumption at the district level. The rest of this paper is structured as follows. Section 2 describes 

the data used and briefly presents a descriptive analysis of electricity consumption in Vietnam. 

Section 3 introduces the estimation methods. Section 4 reports and discusses the empirical results. 

Section 5 provides some concluding remarks. 

  

2. Data and descriptive analysis  

2.1. Data 

We use two datasets in this study. The first data set is the 15-percent sample of the Vietnam 

Population and Housing Census (VPHC) conducted by the General Statistics Office of Vietnam in 

April 2009. To estimate electricity consumption at small areas, we need to use census data. Vietnam 

Population and Housing Censuses are conducted every 10 years and we were able to have access 

to the 2009 census at the time of conducting this research. This census contains detailed data on 

individuals and households. Individual data include information on demographics, education, 

employment, disability, and migration. Household data includes information on durable assets and 

housing conditions. The 15-percent sample is representative at the district level. The census 

covered 3,692,042 households with 14,177,590 individuals. The 2009 VPHC has a large coverage 

of households, but it does not contain data on electricity consumption of households.  

The second dataset is the 2010 Vietnam Household Living Standard Survey (VHLSS). The 

VHLSSs have been conducted by the GSO with technical support from the World Bank every two 
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years since 2002. VHLSSs contains detailed data on individuals, households and communes. 

Individual data consist of information on demographics, education, employment, health, and 

migration. Household data are on durables, assets, production, income and expenditure, and 

participation in government programs. Unlike the previous VHLSSs, the 2010 VHLSS contains 

data about not only expenditure on electricity but also the number of kilowatt hours (kWh) that 

households consumed in the last month. The 2010 VHLSS covered 9,399 households.  

In this study, we use the 2010 VHLSS, since it is closer to the 2009 VHPC. The small area 

estimation method is used to combine a household survey and a census which should be conducted 

in the same year or at least close years.  

2.2. Descriptive analysis 

Electricity consumption has significantly increased in Vietnam during the 1990s and the 2000s. 

The percentage of households who were electrified increased from 79% in 1998 to 97% in 2010. 

Most households are connected to the electricity grid, and only a small number of households use 

other sources such as battery or pico-hydro sets (around 1%). Figure 1 indicates that the monthly 

per capita electricity consumption increased from 17.1 kWh in 2002 to 35.7 kWh in 2010.1 In line 

with changing life styles and rising ownership of durables, both the poor and non-poor households 

are consuming more electricity. At the macro policy level, Vietnam has implemented an 

incremental block structure of electricity tariff, and people have to pay higher tariffs if they 

consume more electricity. In spite of this, the growth rate of electricity consumption of the poor 

was lower than that of the non-poor. As clearly shown in Figure 1, the gaps in electricity 

consumption between the poor and non-poor groups have been widened over time. 

                                                           
1 The per capita electricity consumption is equal to the total household electricity consumption divided by the number 

of household members. 
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 Although the 2009 VHPC does not contain on electricity consumption, it has data on 

whether households had accessed to electricity. We can use this information to investigate the 

spatial distribution of the percentage of households with access to electricity.  Figure 2 shows the 

lowest coverage of electricity in the mountainous Northern areas, followed Central Highlands and 

Mekong River Delta. Disaggregating down to the district level reveals a greater degree of 

heterogeneity in access to electricity within a province. This suggests a high inequality in electricity 

consumption.  

 

3. Estimation method 

3.1. Small area estimation 

The main objective of this study is to examine the spatial differences in electric power consumption 

(kWh per capita), and then subsequently to investigate the relation between the electric power 

consumption and economic level in Vietnam. As mentioned in the Section 2, although the 2010 

VHLSS contains data on household electricity use, it is not representative at the district level due 

to the small number of observations. Therefore, we decided to use the small area estimation method 

developed by Elbers et al. (2002, 2003) in order to predict the average and inequality of electric 

power consumption at the district level.  

The Elbers et al. (2002, 2003) method can be described in three steps as follows. In the first 

step, we select common variables of the 2010 VHLSS and the 2009 VPHC. The common variables 

include household and individual characteristics, and area mean variables computed from the 

census. Area mean variables are the average of household characteristics by small areas such as a 

commune. For example, from the census we can calculate the average age of household heads at 
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the commune level. In the second step, we regress electricity consumption on selected common 

variables using data from the 2010 VHLSS: 

                                   
,)ln( ,,,,,,, dciddcdcidci CXkWh      (1) 

where )ln( ,, ddcikWh  is the natural logarithm of per capita monthly electricity use (measured by the 

number of kWh) of household i in commune c in a specific district. The per capita consumption is 

equal to the total consumption of a household divided by the number of household members. dciX ,,  

is the vector of household-level explanatory variables, and dcC ,  is the vector of the commune-level 

explanatory variables. The unobserved variables are decomposed into the cluster-specific random 

effect, denoted by d , and the individual-specific random effect, denoted by dci ,, . This 

decomposition allows the correlation of errors within a cluster, i.e., district. In this study, we define 

districts instead of communes as clusters, since the number of households within communes is only 

3, which is not efficient to estimate the within-cluster correlation.     

In the third step, we apply the estimated model from the second step to the 2009 Population 

and Housing Census to predict the electricity consumption of households in the census: 

                                   
,ˆˆˆˆˆ)(n̂l ,,,,,,, dcid

census

dc

census

dcidci CXkWh     (2) 

where ̂ , , ̂ , , and  denote the estimates for the corresponding parameters and error terms. 

These parameters and their distributions are estimated from the second step. Monte-Carlo 

simulations are used to estimate the point estimates as well as the standard errors of the electric 

power consumption of households. In each simulation, we draw a set of values of these parameters 

from their estimated distributions to obtain dcikWh ,, for all the households in the census, and then 

use these values to estimate the average and inequality indexes of all the districts. After k 

̂ ĉ iĉ



9 

 

simulations, we will obtain the sampling distribution of the estimates and use this to estimate the 

average and standard deviation of the estimates (i.e., the average and the Gini of electricity 

consumption at the district level). 

To measure inequality, we use three common measures of inequality: the Gini coefficient, 

Theil’s L index of inequality, and Theil’s T index of inequality. These indexes have been widely 

used to measure inequality of income and consumption distribution. In this study, the Gini index 

can be calculated from the individual electricity consumption in the population (Deaton, 1997):  
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where ihWk ˆ  refers to the per capita electricity consumption of individual j in the 2009 Population 

and Housing Census that is obtained from the small area estimation. �̅� is the average per capita 

electricity consumption. j  is the rank of person j in the Y-distribution, counting from the person 

with the lowest electricity consumption to the person with the highest electricity consumption. The 

value of the Gini coefficient varies from zero when everyone has the same level of electricity 

consumption to one when one person consumes all the electric power. The closer a Gini coefficient 

is to one, the more unequal is the distribution of electricity consumption.  

 The analysis result of inequality using Theil’s indexes is very similar to the result using 

Gini index.2 Since the Gini index is more widely used in measuring inequality, we use the results 

from the Gini index for interpretation in this paper. 

3.2. Spatial regressions of inequality in electric power consumption 

                                                           
2 The full results from the Theil’s indexes can be made entirely available under request to the corresponding author. 
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In the second step, we examine the association between the inequality in electric power 

consumption and economic development level of districts. Inequality is measured by the estimated 

Gini coefficient as shown in the subsection 3.1, while the level of economic development is 

measured by per capita expenditure of districts. Since the observations are adjusted to the district 

level from the observations at the commune level, there can be spatial correlation between 

dependent variables and error terms. This possible statistical property leads us to employ a spatial 

model as follows: 

             ddddd ueExpenditurLneExpenditurLnWGiniGini  )()( 2

210 
      (4)

 

                                                             ddd Muu  
           (5)

 

where dGini  is the Gini coefficient of electricity consumption in district d. )( eExpenditurLn  refers 

to the per capita consumption expenditure in logarithmic scale. )(2 eExpenditurLn  is the squared 

log of per capita consumption expenditure, which is used to capture the potential of nonlinear 

relationship between power consumption inequality and economic development. W and M are 

spatial-weighting matrices (with zero diagonal elements).  

 In Equation (4), we regress the Gini coefficient of electricity consumption on per capita 

aggregate expenditure. We also regress the Gini coefficient of electricity consumption on per capita 

expenditure of electricity consumption. The mean and Gini coefficient of electricity consumption 

are estimated using the small area estimation as described above.   

Since variables of districts which are closer can be spatially correlated, the above model 

allows for correcting the correlation of the dependent variable and error term between districts. In 

the presence of the model is a type of spatial econometric model with first-order spatial-

autoregressive and first-order spatial-autoregressive disturbances (see, e.g., Haining, 2003; 
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Drukker et al., 2010, 2011). The spatial-weighting matrices, W and M, are set equal to each other 

and equal to the inverse-distance between centroids of districts. This matrix weighting scheme 

allows for taking into account the high correlation between nearby districts and for the low 

correlation between far districts.  

 

4. Empirical results 

4.1. Spatial distribution of the average and inequality of electricity consumption 

After defining and constructing the common variables in the census and household survey, we use 

the 2010 VHLSS to estimate the model in Equation (1) where the log of per capita electricity 

consumption is related to these common variables. To the extent that there are six geographical 

regions in Vietnam, we estimated this model for each region. To allow for the difference in 

coefficients between urban and rural areas, we interact the urban variable with other explanatory 

variables. Forward stepwise technique is used so that only variables which are significant at least 

at the 5% level are kept. Only robust variables are kept in the final models. The regression results 

are presented in Tables from 1 to 6 in Appendix.3  

Table A.7 in the Appendix report the predicted per capita electricity consumption 

(kWh/month) and Gini coefficient of electricity consumption by provinces. Lai Chau, Ha Giang 

and Dien Bien are three poorest provinces with the lowest consumption of electricity, which also 

                                                           
3 We conducted two sensitive tests. Firstly, we randomly split the 2010 VHLSS into two subsamples. We estimated 

the electricity consumption models in the first subsample, then using these estimated models to predict electricity 

consumption in the second subsample and compared these results to the actual per capita expenditure. The average and 

inequality of electricity consumptions estimated from the small area estimation are very similar to those estimated 

from the actual data. Secondly, we examined the sensitivity of estimates to different specification of electricity 

consumption models. More specially, we estimated two models: one with a large number of explanatory variables and 

another with a smaller number of explanatory variables. Both models give very similar estimates of the mean and 

inequality of electricity consumption at the district and province levels. For interpretation in this paper, we use the 

estimates from the large model, since standard errors of the estimates from the large model are smaller than those from 

the small models. 
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reflects their low level of socio-economic activities. Hanoi capital and Ho Chi Minh city, which 

are the largest and richest cities, had the highest consumption of electricity. The spatial 

consumption of electricity by provinces (left graph) and districts (right graph) is showed in Figure 

3, with light blue indicating the lowest consumption level and dark blue the highest consumption 

level. We further note a high degree of disparity in electricity consumption within a province. 

Figure 4 shows the spatial distribution of inequality in electricity consumption across provinces 

(left graph) and districts (right graph). The inequality seems to increase when we move from the 

rich provinces to the poor ones. Similarly, the regions with a low level of electricity consumption 

such as Northern Mountains have higher consumption inequality than other richer regions.  

Table 1 presents the regional estimates of the mean and inequality of per capita electricity 

consumption which are computed directly from the 2010 VHLSS and those estimated from the 

small area estimation when using the Equations (2) and (3). Since the 2010 VHLSS is 

representative at the regional level, the regional estimates based on the 2010 VHLSS can be thus 

regarded as the benchmark against which the estimates from the small area estimation method are 

compared. There is, as shown in Table 1, a similarity in the estimates between the two approaches. 

Regardless of the methods used, the richest region, Southeast, has the highest per capita electricity 

consumption, while the poorest region, Northern Mountains, has the lowest per capita electricity 

consumption. However, Northern Mountains has the highest inequality in electricity consumption, 

followed by the Mekong River Delta region.  

4.2. Electricity consumption inequality and economic development level 

Figure 5 plots together the inequality in electricity consumption and per capita electricity 

consumption at both provincial and district levels, where we clearly see a U-shape relationship 

between them. This form of relationship implies that very poor areas have very high inequality in 
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electricity consumption. A more equal distribution is associated with a higher level of electricity 

consumption. However, as per capita electricity consumption continues to increase, the inequality 

slightly rises.  

Figure 6 shows a U-shaped relationship between inequality in electricity consumption and 

per capita consumption expenditure (per capita total consumption expenditure of household) at the 

provincial and district levels.4 Accordingly, the inequality in electricity consumption is reduced as 

the per capita consumption expenditure increases but tends to rise when the latter exceeds a certain 

threshold. It is also worth noting that electricity consumption inequality is strongly correlated with 

aggregate consumption inequality (Figure A.1 in Appendix), with however the latter being higher 

than the former. Indeed, the Gini index of aggregate consumption is 0.39, while the Gini index of 

electricity consumption is 0.53.   

Figure 7 reports a similar relationship between  inequality of per capita expenditure and per 

capita expenditure. This finding emphasizes that while there are certainly poor localities where 

everyone is similarly poor, the evidence shows that there should certainly be no presumption that 

inequality will be lower in poorer communities.  

Table 2 reports the regressions of Gini index of electricity consumption at the district level 

on the level of development (measured by per capita electricity consumption and per capita 

household expenditure).5 We present both OLS and spatial regressions, which give quite similar 

results. More concretely, we find, within the spatial regressions, that the consumption inequality is 

                                                           
4 We obtained estimates of per capita aggregate consumption expenditure at the provincial and district levels from 

Lanjouw et al. (2016). 

5 Instead of Gini index, we also use the log of Gini index as the independent variable. The results are presented in table 

A.8 in the appendix. The sign and significance level in the regressions of log of Gini indexes are very similar to those 

in the regression of Gini indexes. 
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significantly and negatively affected by the per capita electricity expenditure, but significantly and 

positively affected by the squared per capita electricity expenditure. The results thus suggest that 

the inequality first decreases with the per capita expenditure, but then increases when the per capital 

becomes higher. They also confirm the U-shape pattern that we observe in Figures 5 and 6, 

indicating that the power consumption inequality is highest in poor districts and lower in the middle 

district and then slightly increased in rich districts. Furthermore, the coefficient of weighted 

dependent variables (Lambda) means there is a spatial negative correlation between inequality of 

districts.6  

 

5. Conclusion 

Vietnam has achieved high economic growth with annual GDP growth rates of around 6% in recent 

decades. At the same time, energy consumption has also increased remarkably. According to 

VHLSSs, residential electricity consumption increased by 7.9% annually from 2002-2012. 

Although energy consumption has increased, not all households can benefit from this increase. 

There is a high inequality in energy consumption. In 2010, the Gini index of per capita expenditure 

was 0.39, while that of per capita electricity consumption was 0.52. In this study, we examine the 

relation between inequality in energy consumption and economic development in Vietnam.  

 We use a small area estimation method to estimate the average and inequality of per capita 

kWh consumption in Vietnam. We find that electric power consumption differs significantly across 

districts and provinces. Households in mountains and highlands consumed remarkable lower 

                                                           
6 Meanwhile Rho is positive and significant. It means that the unobserved variables are positively and spatially 

correlated across districts.  This verifies the use of spatial econometric model at the district level.  
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electricity than those living in delta and coastal areas. We find a U-shaped relation between the 

inequality of electricity consumption and per capita household expenditure across districts and 

provinces in Vietnam. In poor districts and provinces, there is very high inequality in electricity 

consumption. Inequality is lower for middle income districts and provinces. The main reason for 

the high inequality in the poor districts is a large proportion of households without access to 

electricity. Thus, to reduce the inequality in electricity consumption, it is necessary to ensure access 

to electricity for all the households, especially those in mountainous and remote areas.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16 

 

Reference 

Acemoglu, D., Robinson, J.A., 2002. The political economy of the Kuznets curve. Review of 

Development Economics, 6(2), 183-203.  

ADB, 2015. Assessment of power sector reforms in Vietnam: country report. Manila, Philippines: 

Asian Development Bank. 

Anand, S., Kanbur, S.R., 1993. Inequality and development A critique. Journal of Development 

Economics, 41(1), 19-43.  

Conca, J., 2017. Energy Inequality: Trump Versus the Common Man, Or Medieval Lord Versus 

Peasant.   Retrieved from https://www.forbes.com/sites/jamesconca/2016/06/15/energy-

inequality-trump-versus-the-common-man-or-medieval-lord-versus-peasant/#6e30d22c6387 

Deaton, A., 1997. The Analysis of Household Surveys: A Microeconometric Approach to 

Development Policy. World Bank Publications. 

Doll, C.N., Muller, J.P., Morley, J.G., 2006. Mapping regional economic activity from night-time 

light satellite imagery. Ecological Economics, 57(1), pp.75-92. 

Drukker, D.M., Prucha, I.R., Raciborski, R., 2011. A Command for Estimating Spatial-

Autoregressive Models with Spatial-Autoregressive Disturbances and Additional Endogenous 

Variables. Technical report, Stata. 

Drukker, D.M., Egger, P., Prucha, I.R. 2010. On Two-Step Estimation of a Spatial Autoregressive 

Model with Autoregressive Autoregressive Disturbances and Endogenous Regressors. University 

of Maryland: Department of Economics. 

Elbers, C., Lanjouw, J., Lanjouw, P., 2002. Micro-Level Estimation of Welfare. Policy Research 

Working Paper No. WPS 2911. The World Bank. 

Elbers, C., J. Lanjouw, and P. Lanjouw. 2003. Micro-level Estimation of Poverty and Inequality. 

Econometrica 71(1): 355–364.  

Gallup, J.L., 2012. Is there a Kuznets curve? Working Paper. Portland State University. Portland. 

Retrieved from https://www.pdx.edu/econ/sites/www.pdx.edu.econ/files/kuznets_complete.pdf 

GSO., 2013. Results of the survey on household living standards 2012. Hanoi, Vietnam: Statistical 

Publishing House. 

Haining, R. -P., 2003. Spatial Data Analysis. Cambridge: Cambridge University Press. 

Henderson, J.V., Storeygard, A., Weil, D.N., 2012. Measuring economic growth from outer space. 

American Economic Review, 102(2), pp.994-1028. 

Jovanovic, B., 2018. When is there a Kuznets curve? Some evidence from the ex-socialist 

countries. Economic Systems 42(2), 248-268. 

Kuznets, S. (1955). Economic growth and income inequality. American Economic Review 45(1), 

1-28.  

Lanjouw, P., Marra, M., Nguyen, C., 2016. Vietnam’s Evolving Poverty Index Map: Patterns and 

Implications for Policy. Social Indicators Research, pp.1-26. DOI 10.1007/s11205-016-1355-9 



17 

 

Lindert, P.H., 1986. Unequal English wealth since 1670. Journal of Political Economy, 94(6), 

1127-1162.  

Meier, H., Jamasb, T., Orea, L., 2013. Necessity or luxury good? Household energy spending and 

income in Britain 1991-2007. Energy Journal, 34(4), 109-129.  

Minot, N., Baulch, B. and Epperecht, M., 2006. Poverty and inequality in Vietnam: Spatial patterns 

and geographic determinants (No. 148). 

Morrisson, C., 1999. Historical evolution of income distribution in Western Europe. chapter in 

Anthony B. Atkinson and Francois Bourguignon, eds., Handbook of Income Distribution.  

Nguyen, C., 2011. Poverty Projection using a Small Area Estimation Method: Evidence from 

Vietnam. Journal of Comparative Economics 39(3): 368–382. 

Nguyen, C., van der Weide, R., Tran, N.T., 2010. Construction of Poverty Maps using Agricultural 

Census in Rural Vietnam. Asian Economic Journal 24(4): 355–390. 

Pachuari, S., Rao, N., 2014. Energy inequality. Policy Note. IIASA-Alphabach Group. 

http://www.iiasa.ac.at/web/home/research/alg/energy-inequality.html  

Phu, L. V. (2020). Electricity price and residential electricity demand in Vietnam. Environmental 

Economics and Policy Studies, 22, 509-535.   

Rao, J.N., Molina, I., 2015. Small area estimation. John Wiley & Sons. 

Rao, N.D., Pachauri, S., 2017. Energy access and living standards: some observations on recent 

trends. Environmental Research Letters, 12(2), p.025011.  

World Bank (2012). 2012 Vietnam poverty assessment - Well begun, not yet done: Vietnam's 

remarkable progress on poverty reduction and the emerging challenges. Retrieved from 

Washington DC.  

Yoo, S.H., Lee, J.S., 2010. Electricity consumption and economic growth: a cross-country 

analysis. Energy Policy, 38(1), pp.622-625. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.iiasa.ac.at/web/home/research/alg/energy-inequality.html


18 

 

TABLES 

Table 1: Regional estimates of electricity consumption 

Regions 

VHLSS 2010 Small area estimation 

Per capita 
electricity 

consumption 
(kWh/month) 

Gini of per 
capita 

electricity 
consumption 

Per capita 
electricity 

consumption 
(kWh/month) 

Gini of per 
capita 

electricity 
consumption 

Northern Mountains 16.54 0.481 16.35 0.527 

 (0.58) (0.011) (1.05) (0.010) 

Red River Delta 36.26 0.425 34.98 0.391 

 (0.92) (0.010) (0.90) (0.009) 

Central Coast 20.78 0.419 20.91 0.390 

 (0.47) (0.009) (0.70) (0.008) 

Central Highlands 19.19 0.402 18.89 0.407 

 (0.77) (0.014) (1.75) (0.017) 

South East 45.53 0.414 45.40 0.417 

 (1.56) (0.012) (2.44) (0.013) 

Mekong River Delta 24.86 0.449 23.12 0.420 

 (0.72) (0.010) (0.89) (0.008) 

Notes: Standard errors are in parentheses. The standard errors are corrected for sampling weights 
and cluster correlation. The estimation is based on the 2009 VPHC and the 2010 VHLSS data. 
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Table 2. Regression of Gini index 

Explanatory variables 

Dependent variable is Gini index of per capita kWh 
consumption 

Dependent variable is 
Gini index of per capita 

expenditure 

OLS Spatial 
regression 

OLS Spatial 
regression 

OLS Spatial 
regression 

Log of per capita expenditure -2.0314*** -2.3461***   -0.9356*** -0.8754*** 

 (0.2304) (0.1884)   (0.1158) (0.0040) 

Squared log of per capita 
expenditure 

0.1015*** 0.1218***   0.0491*** 0.0467*** 

(0.0120) (0.0101)   (0.0061) (0.0004) 

Log of monthly per capita kWh   -0.2886*** -0.2948***   

   (0.0391) (0.0207)   

Squared log of monthly per 
capita kWh 

  0.0385*** 0.0513***   

  (0.0063) (0.0036)   

Lambda  -0.0053***  -0.0060***  -0.0028*** 

  (0.0011)  (0.0008)  (0.0008) 

Rho  0.0704***  0.0967***  0.0442*** 

  (0.0036)  (0.0022)  (0.0032) 

Constant 10.4894*** 11.7004*** 0.8726*** 0.8331*** 4.7278*** 4.3928*** 

 (1.1066) (0.8809) (0.0596) (0.0331) (0.5510) (0.0000) 

Observations 675 675 675 675 675 675 

R-squared 0.4107  0.4026  0.1567  

Notes: Robust standard errors in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1% 
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FIGURES 

 

Figure 1: Per capita electricity consumption during 2002-2008 

 

Source: authors’ estimation from the VHLSSs 2002, 2006 and 2010 
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Figure 2:  Percentage of people living in a house without electricity 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC  
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Figure 3:  Monthly kWh consumption 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC and the 2010 VHLSS. 
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Figure 4:  Gini index in monthly kWh consumption 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC and the 2010 VHLSS. 
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Figure 5: Gini index of monthly kWh and the average monthly kWh 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC and the 2010 VHLSS. 
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Figure 6: Gini index of monthly kWh and log of per capita expenditure 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC and the 2010 VHLSS. 
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Figure 7: Gini index of per capita expenditure and log of per capita expenditure 

Provinces Districts 

  
Source: Estimation from the 2009 VPHC and the 2010 VHLSS. 
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Appendix 

 

Table A.1: GLS regressions of log of monthly per capita kWh: Northern Mountains 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 1.749 0.307 5.694 0.000 

Having television (yes=1; no=0) 0.694 0.061 11.332 0.000 

Commune proportion of households having television 0.784 0.155 5.048 0.000 

Commune proportion of hh head with primary school -0.368 0.188 -1.963 0.050 

Ethnic minorities (yes=1; no=0) -0.291 0.052 -5.564 0.000 

Household size -0.103 0.015 -7.000 0.000 

Average household size of commune -0.133 0.049 -2.733 0.006 

Log of per capita living area 0.204 0.042 4.873 0.000 

Proportion of hh members with upper-secondary school 
and above 

0.691 0.079 8.708 0.000 

Proportion of hh members with lower-secondary school 0.269 0.075 3.602 0.000 

Having house with solid roof (yes=1; no=0) 0.158 0.054 2.928 0.004 

Using unclean water (yes=1; no=0) -0.234 0.051 -4.624 0.000 

Urban * Proportion of children in household 0.606 0.184 3.290 0.001 

Urban * House with temporary wall -0.510 0.208 -2.459 0.014 

Number of observations 1445    

R2-adjusted 0.594    

Rho 0.124    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS.  
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Table A.2: GLS regressions of log of monthly per capita kWh: Red River Delta 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 2.656 0.237 11.222 0.000 

Commune proportion of households having computer 0.753 0.199 3.783 0.000 

Commune proportion of households having fridge 0.914 0.132 6.909 0.000 

Having television (yes=1; no=0) 0.271 0.063 4.277 0.000 

Log of the number of firms in commune 0.039 0.018 2.179 0.030 

Log of household size -0.224 0.043 -5.267 0.000 

Log of per capita living area 0.299 0.027 10.984 0.000 

Commune average of log of per capita living area -0.157 0.077 -2.035 0.042 

Proportion of children in household 0.240 0.091 2.632 0.009 

Proportion of hh households without primary school -0.503 0.071 -7.130 0.000 

Proportion of hh members with lower-secondary school -0.166 0.060 -2.771 0.006 

Having house with solid roof (yes=1; no=0)cm -0.286 0.112 -2.550 0.011 

Number of observations 1980    

R2-adjusted 0.473    

Rho 0.067    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS.  
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Table A.3: GLS regressions of log of monthly per capita kWh: Central Coast 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 0.259 0.241 1.075 0.283 

Commune proportion of households having fridge 0.558 0.165 3.376 0.001 

Having television (yes=1; no=0) 0.455 0.047 9.800 0.000 

Commune proportion of households having television 1.072 0.195 5.490 0.000 

Average household size of commune -0.100 0.040 -2.491 0.013 

Log of per capita living area 0.413 0.025 16.762 0.000 

Proportion of hh members with upper-secondary school 
and above 

0.338 0.054 6.266 0.000 

Commune proportion of households having toilet (not 
flush) 

-0.239 0.066 -3.623 0.000 

Commune proportion of households having solid wall 
house 

0.387 0.112 3.463 0.001 

Urban * Commune proportion of households having desk 
telephone 

-0.620 0.177 -3.500 0.001 

Urban * Commune proportion of not working people 1.846 0.371 4.983 0.000 

Number of observations 2012    

R2-adjusted 0.551    

Rho 0.132    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS.  
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Table A.4: GLS regressions of log of monthly per capita kWh: Central Highlands 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 0.383 0.278 1.374 0.170 

Commune proportion of households having television 1.815 0.275 6.592 0.000 

Commune proportion of hh head with primary school -0.799 0.318 -2.515 0.012 

Edchd_3cm -0.749 0.355 -2.114 0.035 

Ethnic minorities (yes=1; no=0) -0.333 0.081 -4.134 0.000 

Log of per capita living area 0.500 0.041 12.094 0.000 

Urban * Kinh & Hoa 0.236 0.083 2.845 0.005 

Urban * Proportion of hh households without primary 
school 

-0.385 0.177 -2.170 0.030 

Number of observations 627    

R2-adjusted 0.450    

Rho 0.165    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS. 
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Table A.5: GLS regressions of log of monthly per capita kWh: South East 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 1.715 0.231 7.409 0.000 

Commune proportion of households having fridge 0.644 0.173 3.715 0.000 

Having motorbike (yes=1; no=0) 0.385 0.081 4.749 0.000 

Log of per capita living area 0.478 0.034 13.868 0.000 

Commune proportion of children -1.908 0.730 -2.612 0.009 

Proportion of hh members with primary school -0.188 0.091 -2.071 0.039 

Urban 0.157 0.083 1.889 0.050 

Having house with solid wall (yes=1; no=0) 0.196 0.088 2.232 0.026 

Number of observations 1085    

R2-adjusted 0.294    

Rho 0.059    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS.  
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Table A.6: GLS regressions of log of monthly per capita kWh: Mekong River Delta 

Explanatory variables Coefficient Std. Err. t |Prob|>t 

Intercept 1.351 0.159 8.487 0.000 

Commune proportion of households having fridge 1.351 0.200 6.770 0.000 

Having television (yes=1; no=0) 0.730 0.085 8.636 0.000 

Ethnic minorities (yes=1; no=0) -0.345 0.087 -3.969 0.000 

Household size -0.069 0.014 -5.068 0.000 

Log of per capita living area 0.354 0.034 10.274 0.000 

Proportion of hh households without primary school -0.255 0.059 -4.287 0.000 

Having house with solid roof (yes=1; no=0) 0.433 0.111 3.910 0.000 

Having tap water (yes=1; no=0) 0.117 0.048 2.414 0.016 

Urban * Household size 0.033 0.014 2.312 0.021 

Number of observations 1821    

R2-adjusted 0.349    

Rho 0.085    

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS.  
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Table A.7: Provincial estimates of electricity consumption 

Provinces 

Sampled 
households 

% household 
without 

electricity 

Per capita electricity 
consumption (kWh/month) 

Gini of electricity 
consumption 

Mean Std. Err. Mean Std. Err. 

Northern Mountain       

Ha Giang 50329 34.59 8.61 1.16 0.611 0.025 

Cao Bang 56518 26.17 11.93 1.54 0.576 0.025 

Bac Kan 34412 18.10 13.37 1.56 0.504 0.024 

Tuyen Quang 34849 6.78 17.64 2.74 0.483 0.027 

Lao Cai 42673 22.56 13.93 2.33 0.605 0.026 

Dien Bien 38480 33.47 9.57 1.46 0.649 0.029 

Lai Chau 25207 50.32 7.28 1.16 0.630 0.030 

Son La 53611 29.56 10.77 1.25 0.589 0.019 

Yen Bai 43750 10.69 16.77 2.23 0.519 0.023 

Hoa Binh 56998 4.16 16.19 2.08 0.510 0.028 

Thai Nguyen 54397 1.89 22.78 3.10 0.435 0.026 

Lang Son 54098 11.72 13.81 1.48 0.517 0.023 

Bac Giang 61311 1.15 20.78 2.38 0.396 0.024 

Phu Tho 78687 2.11 23.60 2.58 0.434 0.020 

Red River Delta       

Ha Noi 182387 0.09 47.69 1.94 0.395 0.012 

Quang Ninh 66403 3.61 35.61 1.96 0.364 0.013 

Vinh Phuc 44844 0.23 27.63 1.37 0.314 0.016 

Bac Ninh 47679 0.08 29.62 1.48 0.323 0.014 

Hai Duong 80448 0.19 25.53 1.36 0.326 0.012 

Hai Phong 83700 0.23 36.72 1.90 0.372 0.015 

Hung Yên 58977 0.30 25.58 1.30 0.314 0.012 

Thai Bình 57653 0.20 22.14 1.30 0.316 0.016 

Ha Nam 38936 0.19 23.11 1.45 0.309 0.016 

Nam Dinh 68076 0.22 23.88 1.33 0.316 0.016 

Ninh Bình 49884 0.35 24.36 1.43 0.331 0.017 

Central Coast       

Thanh Hoa 154616 3.16 17.76 0.86 0.377 0.013 

Nghe An 117793 4.96 18.22 1.22 0.401 0.020 

Ha Tinh 72800 0.76 17.60 0.93 0.366 0.015 

Quang Binh 39057 3.29 18.95 1.46 0.399 0.020 

Quang Tri 40966 2.69 18.28 1.31 0.388 0.015 

Thua Thiên Hue 44048 1.51 22.47 1.84 0.359 0.019 

Da Nang 40264 0.23 39.68 3.18 0.353 0.020 

Quang Nam 83416 4.07 19.01 1.08 0.381 0.012 

Quang Ngãi 69184 2.83 20.46 1.28 0.363 0.014 

Binh Dinh 57182 1.02 24.26 1.64 0.349 0.021 

Phú Yên 46480 1.55 21.38 1.45 0.362 0.021 

Khanh Hoa 40005 2.41 26.29 2.31 0.381 0.019 

Ninh Thuan 30575 2.17 19.62 1.72 0.368 0.019 

Binh Thuan 51748 5.04 20.77 1.38 0.357 0.018 

Central Highlands       
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Provinces 

Sampled 
households 

% household 
without 

electricity 

Per capita electricity 
consumption (kWh/month) 

Gini of electricity 
consumption 

Mean Std. Err. Mean Std. Err. 

Kon Tum 31082 4.76 17.18 3.12 0.421 0.029 

Gia Lai 74845 6.60 17.77 2.33 0.414 0.023 

Dak Lak 69869 6.97 19.57 2.65 0.400 0.025 

Dak Nong 33905 16.60 16.60 2.23 0.428 0.030 

Lâm Dong 60162 4.90 20.68 2.58 0.377 0.027 

South East       

Binh Phuoc 41766 10.68 27.52 1.87 0.368 0.018 

Tay Ninh 53625 2.46 30.90 2.29 0.359 0.017 

Binh Duong 42661 1.01 33.01 2.82 0.392 0.018 

Dong Nai 67714 3.75 32.69 2.70 0.374 0.017 

Ba Ria - Vung Tau 41954 0.97 38.10 3.21 0.381 0.018 

Ho Chí Minh 143839 0.51 57.79 3.66 0.400 0.017 

Mekong River Delta       

Long An 75374 3.07 27.38 2.11 0.394 0.016 

Tien Giang 60058 0.65 26.56 2.01 0.376 0.018 

Ben Tre 54627 3.22 25.05 1.94 0.387 0.019 

Tra Vinh 45984 8.92 18.90 1.45 0.438 0.020 

Vinh Long 47094 4.00 25.24 2.06 0.396 0.019 

Dong Thap 59947 3.05 21.29 1.40 0.397 0.015 

An Giang 59962 7.71 21.84 1.55 0.432 0.017 

Kiên Giang 69873 8.91 20.85 1.49 0.434 0.017 

Can Tho 41039 1.94 30.84 2.68 0.428 0.022 

Hau Giang 37052 4.52 21.12 1.70 0.391 0.018 

Soc Trang 47056 8.18 18.12 1.50 0.450 0.019 

Bac Liêu 34608 5.49 19.77 1.49 0.406 0.019 

Ca Mau 45505 6.47 22.38 1.72 0.430 0.018 

Notes: the estimation results are obtained from using data contained in the 2009 VPHC and the 2010 VHLSS. 
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Table A.8. Regression of log of Gini index 

Explanatory variables 

Dependent variable is Log of Gini index of per capita 
kWh consumption 

Dependent variable is 
Log of Gini index of per 

capita expenditure 

OLS Spatial 
regression 

OLS Spatial 
regression 

OLS Spatial 
regression 

Log of per capita expenditure -4.8375*** -6.0969***   -3.3129*** -4.1492*** 

 (0.5587) (0.3796)   (0.3993) (0.3340) 

Squared log of per capita 
expenditure 

0.2415*** 0.3204***   0.1739*** 0.2266*** 

(0.0292) (0.0200)   (0.0210) (0.0175) 

Log of monthly per capita kWh   -0.6855*** -0.7341***   

   (0.0919) (0.0469)   

Squared log of monthly per 
capita kWh 

  0.0912*** 0.1311***   

  (0.0151) (0.0079)   

Lambda  0.0095***  0.0076***  0.0038*** 

  (0.0006)  (0.0004)  (0.0004) 

Rho  0.0799***  0.1014***  0.0967*** 

  (0.0025)  (0.0035)  (0.0023) 

Constant 23.1031*** 28.2516*** 0.1834 0.2033*** 14.4536*** 17.7879*** 

 (2.6692) (1.8048) (0.1379) (0.0736) (1.8987) (1.5997) 

Observations 675 675 675 675 675 675 

R-squared 0.3753  0.3632  0.1616  

Robust standard errors in parentheses. 

* significant at 10%; ** significant at 5%; *** significant at 1%. 

Source: Estimation from the 2009 VPHC and the 2010 VHLSS 
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Figure A.1: Gini index of monthly kWh and Gini index of per capita expenditure 

Provinces Districts 
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