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Abstract

:

We investigate the evolution of multidimensional inequality of well-being in Vietnam in the period 2002–2012 using household survey data. Our study focuses on four crucial dimensions of human welfare: consumption, education, health and housing. We measure inequality by means of the multidimensional Atkinson index, which belongs to the Atkinson family of relative inequality indices. The choice of the values of two crucial parameters, with respect to the aversion to inequality on the one hand and the degree of substitutability between dimensions on the other hand, has a significant influence on the perceived trends of inequality. We consider different combinations of dimensions (two, three and four dimensions) and a wide variety of values of the parameters, with the aim of arriving at a robust understanding of the extent of inequality in Vietnam. Our results suggest that the level of multidimensional inequality in Vietnam has decreased, albeit that this is not the case for all combinations of the parameter values. Our study shows that looking at multidimensional rather than one-dimensional inequality leads to a richer understanding of the evolution of inequality, and indicates that it is important to be aware of the influence of value judgments on the assessment of inequality.
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1. Introduction


The multidimensional nature of well-being has been recognized for a long time (e.g., Maasoumi and Nickelsburg 1988; Sen 1999; Stiglitz et al. 2009), and a growing body of theoretical literature on the measurement of multidimensional inequality and poverty has developed rapidly in the last 25 years (Aaberge and Brandolini 2015; Alkire et al. 2015). The most recent Human Development Report focuses explicitly on multidimensional inequality and poverty (UNDP 2019). The multidimensional approach of inequality is appealing not only because it covers more than one facet of well-being, but also because it offers the possibility to incorporate the social gradients of component attributes into the evaluation. In this way, a multidimensional assessment of inequality can reveal whether the existing inequalities in the separate dimensions of well-being (e.g., in income, health and education) reinforce or compensate one another.



In the past decades, Vietnamese society has gone through major changes highlighted by more trade openness, rapid economic growth and declining poverty (Nguyen and Pham 2018). According to the World Bank, the average growth rate of real per capita GDP in the period 1992–2018 was 5.6% (https://data.worldbank.org/). This has been accompanied by a substantial decrease of extreme poverty rates (from 52.9% in 1992 to 2% in 2016), based on the poverty threshold of 1.90 USD per day (2011 PPP). According to UNDP, health outcomes have improved considerably: in the period 1992–2018, life expectancy at birth increased from 70.6 to 75.3 years and infant mortality rates declined from 37 to 16.7 per 1000 live births (http://hdr.undp.org/en/data). Educational levels have also expanded, with tertiary enrolment ratios increasing from 3% in 1990 to 28% in 2016 and the mean years of schooling going from 4.2 years in 1992 to 8.2 years in 2018. These changes imply that Vietnam has made considerable progress in terms of the Human Development Index (HDI), the well-known multidimensional index developed by the UNDP which combines information on income, health and education, inspired by the capability approach of Sen (1995). Vietnam has reached the level of medium human development and is on the brink of reaching the level of high human development; it currently occupies position 118 in the world ranking with an index value of 0.693 (UNDP 2019). While income inequality has remained relatively stable (according to the World Bank, the Gini coefficient based on household consumption was around 0.36 in 1992 and 0.35 in 2016, after reaching a maximum of 0.39 in 2010; see also Benjamin et al. 2017), much less is known about the relative magnitudes and evolution of inequalities in the non-monetary dimensions of human well-being.



This study aims to examine the distribution of well-being in Vietnam by assessing the evolution of multidimensional inequality with regard to four crucial dimensions: consumption, health, education, and housing. We investigate the change of inequality taking into account the changes of correlations between these dimensions over time. The fact that some form of substitution is possible between the component dimensions of well-being is also considered during the process of aggregating different dimensional attainments to measure the inequality in multidimensional well-being. We measure the extent and evolution of inequality by means of the multidimensional Atkinson index (Decancq et al. 2009). We also explore the sensitivity of our measurement to changes in the degree of inequality aversion and in the degree to which well-being dimensions can compensate each other.



We start this study by introducing the literature of multidimensional inequality in Section 2. Section 3 reviews the recent studies on distribution of the multidimensional well-being in Vietnam. The method and data used to measure the multidimensional inequality are described in Section 4 and Section 5, respectively. In Section 6, we present the empirical findings. Finally, in Section 7, we discuss the results and, in Section 8, we provide the conclusions of our study.




2. Conceptual Framework


Economists have tended to study the distribution of well-being by looking at one dimension only: monetary income. Income was conceived as the most important means to attain well-being (see, e.g., Dalton 1920). It is now generally accepted, however, that well-being involves more than just money. This has led to a growing literature on multidimensional inequality (with the capability approach of Sen (1995), as an important source of inspiration) and to various attempts to extend the analysis of unidimensional inequality to a multidimensional framework. The multidimensional approach to the study of well-being was pioneered by Fisher (1956), who introduced a multidimensional distribution matrix to reflect the notion that besides monetary income other attributes also matter for individual welfare. Since then, the multidimensional aspects of inequality have received attention from many economists, such as Atkinson and Bourguignon (1982); Maasoumi (1986, 1989); Savaglio (2006); Weymark (2006) and Muller and Trannoy (2012). Cowell (2000) also mentioned briefly the multidimensional approaches in his discussion of the measurement of inequality.



Since several dimensions have to be considered simultaneously, the extension of the unidimensional approach to the multidimensional case poses a few challenges. In this section, we begin by exploring how the main properties with regard to the measurement of unidimensional inequality can be adapted to the study of multidimensional inequality (Section 2.1). After that, we discuss the methods to measure multidimensional inequality (Section 2.2).



2.1. Properties of Multidimensional Inequality Measures


When it comes to the measurement of one-dimensional inequality (typically inequality of per capita income or consumption), it is now customary to focus on measures of relative inequality that satisfy the properties of symmetry, replication invariance, mean independence and the Pigou–Dalton (or transfer) principle (Sen 1997, p. 139). Sometimes additive decomposability is added to the list of desirable properties.



The symmetry principle demands that individuals are treated anonymously; for the measurement of inequality, it should not matter which specific individual earns which specific income. Replication invariance means that the population size of the studied society should play no role in inequality measurement. According to this principle, if we construct a new distribution by merging exact replicas of a given distribution, then the new distribution is considered to have exactly the same level of inequality as the original one. The mean independence property indicates that inequality does not change when all individuals of a given society experience a change of their attainments by the same proportion. If everyone’s income doubles, the level of inequality should remain the same as before. The Pigou–Dalton principle refers to the reaction of the index to mean-preserving transfers. Suppose income is transferred from a relatively poor individual to a relatively rich individual, while everything else remains unchanged. Since the relatively poor person gets poorer and the relatively rich person richer, this is a regressive transfer: it increases the dispersion of income within society. The Pigou–Dalton principle states that a regressive transfer must lead to an increase in the measured degree of inequality (Sen 1973, p. 27). Finally, the property of subgroup decomposability deals with the relationship between the level of inequality in society as a whole, and the levels of inequality within and between subgroups of the population. Subgroup decomposability requires that it must be possible to express the degree of inequality in society as a whole as a sum of two components: the degree of inequality within the subgroups, and the degree of inequality between the subgroups. Moreover, the first component must be a simple function of the degrees of inequality within the subgroups.



It is possible to extend these properties to the multidimensional context. If we are considering g dimensions and n individuals, we have to use matrices to study the distribution of well-being. In what follows, we assume the (  n × g  ) matrices X and Y represent two distributions of the g attributes of well-being (e.g., health and income) over the n individuals, with the rows corresponding to the individuals and the columns to the attributes.



Nothing essential needs to be changed to the definition of the symmetry property. Y is considered to be a permutation of X if there exists a permutation matrix P such that   Y = P X  . The inequality index I has the symmetry principle if for any distribution Y that is a permutation of distribution X, the two distributions have the same level of inequality:   I ( Y ) = I ( X )  . Likewise, it is straightforward to generalize the replication invariance property to the multidimensional case. If distribution Z consists of m exact replicas of distribution X, the property requires the two distributions to have the same levels of inequality.



The extension of the mean independence property is also immediate. For those attributes for which it is relevant (these are typically measured by ratio-scale variables, such as income) it means that the multiplication of the corresponding columns by an arbitrary positive scalar should have no influence on the measured degree of inequality. For instance, if we want the mean independence property to hold for the first attribute, then the following two distributions should have the same level of inequality:


  X =     50   80     90   20     10   50     ,  Y =     100   80     180   20     20   50      



(1)







The extension of the Pigou–Dalton principle to more than one dimension poses a few challenges. In general, the ranking of individuals according to one dimension (say health) does not concord with the ranking according to another (say income). An individual who is top-ranked by one attribute may very well be bottom-ranked by another. It is not immediately clear how individuals should be ranked for the multidimensional Pigou–Dalton principle. For example, if in matrix X the first column refers to health and the second to income, the second individual has a lower income rank but a higher health rank in comparison to the first individual. Does an income transfer from the first individual to the second still satisfy the Pigou–Dalton principle?



There is a large literature on this topic, and a good survey was made by Aaberge and Brandolini (2015, Section 3.4.1). The adoption of the uniform majorization criterion (Kolm 1977; Marshall et al. 1979; Tsui 1995; Weymark 2006) is one way of tackling the issue. It relies on the idea that a bistochastic transformation of a matrix generalizes the concept of a progressive Pigou–Dalton transfer. If matrix Y can be obtained from matrix X by a bistochastic transformation, distribution Y is on the whole closer to the average than distribution X, and therefore Y is considered to be socially preferable to X. Uniform majorization can be illustrated by the following example from Decancq and Lugo (2012). Let us compare two matrices, X and Y, as well as the bistochastic matrix B:


  X =     50   80     90   20     10   50     ,  Y =     60   65     80   35     10   50     ,  B =      0.75     0.25    0      0.25     0.75    0     0   0   1      



(2)




Since Y =   B X  , it follows that Y should be socially preferred to X. As a result of the bistochastic transformation, every column of matrix Y has the same mean but a less severe dispersion than the corresponding column of matrix X. Uniform majorization states that on the whole well-being is more equally distributed in Y than it is in X.



Although the uniform majorization criterion succeeds in translating the idea of the Pigou–Dalton principle to a multidimensional setting, it has been criticized for its lack of taking into account the association between dimensional distributions. In reality, dimensions of well-being are often positively correlated; think of income and health. The inequality indices proposed by Hicks (1997); Foster et al. (2005) and Gajdos and Weymark (2005), as well as the poverty index suggested by Alkire and Foster (2011), also fail to capture the dimensional associations.



It has been argued that a good multidimensional index should be at least sensitive to the correlations between different welfare dimensions, since “various types of inequalities may strengthen each other” (Stiglitz et al. 2009, p. 205). This implies that an additional criterion is required which explicitly captures these correlations in the multidimensional context. Atkinson and Bourguignon (1982) and Walzer (1983) were among the first to point out that multidimensional inequality should be sensitive to such dimensional associations. Tsui (1999) formalized their intuitions by means of the criterion of correlation increasing majorization, which is motivated by the concept of correlation increasing transfer studied by Boland and Proschan (1988). Imagine that we switch the positions of elements in the first column of matrix X to form the following matrix Y:


  X =     50   80     90   20     10   50     ,  Y =     90   80     10   20     50   50      



(3)




The element switching boosts the inter-attribute association. The association between the two considered attributes is obviously higher in matrix Y than in matrix X. In matrix Y, the first individual is better placed than the others in not only one but two dimensions at the same time. In the same manner, the second and the third individuals are, respectively, the worst and the second worst off in both dimensions. In matrix X, each individual attains less in one attribute but more in the other attribute in comparison to the other individuals. This means the relative shortfall in one dimension of an individual is compensated by his or her relatively better achievement in the other dimension. Hence, no one is best (or worst) off in both dimensions simultaneously.



According to this reasoning, the two-dimensional distribution is deemed more equal in matrix X than in matrix Y. The difference between the two matrices illustrates the criterion of correlation increasing majorization: element switching which strengthens the inter-attribute correlation increases multidimensional inequality.



Finally, the definition of subgroup decomposability remains the same as before.




2.2. Multidimensional Inequality Measurement


We have considered necessary properties for the measurement of multidimensional inequality. In this subsection, we summarize the ways in which multidimensional inequality has been measured. Typically, two fundamental procedures are required to measure the distribution of individuals’ attainments in all dimensions. One procedure compares the well-being attainments across individuals and another aggregates the attainments of different dimensions. In the literature, these two procedures are incorporated into the measurement process in a different ways. Three measurement approaches can be distinguished.



The first approach executes the two mentioned procedures in two consecutive calculation stages, and is normally referred to as the two-stage measurement approach which aggregates across individuals first (Aaberge and Brandolini 2015, p. 194). In the first stage, inequality across individuals is measured for each separate dimension using the unidimensional measurement. In the second stage, these calculated levels of unidimensional inequality of all dimensions are aggregated into one summary level of multidimensional inequality. The relative importance of each dimension can be taken into account through the dimensional weights introduced in the second stage. For example, the well-known inequality-adjusted Human Development Index introduced in the 2010 edition of the Human Development Report (UNDP 2010) and the multidimensional generalized Gini indices (Gajdos and Weymark 2005) follow this approach. Since the distribution in each dimension is separately summarized before being incorporated into the multidimensional inequality, the potential correlations between component dimensions are completely ignored. The measurement cannot satisfy the criterion of correlation increasing majorization, but it still can meet the uniform majorization criterion (Aaberge and Brandolini 2015).



The second approach also needs two separate calculation stages for the two fundamental procedures and is commonly referred to as the two-stage measurement approach which aggregates across dimensions first (Aaberge and Brandolini 2015, p. 195). The first stage aggregates all dimensional attainments for each individual, and dimensional weights are incorporated into this step. The second stage measures the multidimensional inequality across individuals based on the distribution of the levels of well-being of individuals. This approach has been widely applied in a number of studies. For instance, Maasoumi (1986, 1989, 1999) employed a utility-like function to calculate well-being attainments for each individual, and then measured the inequality across individuals using unidimensional measurement. Nilsson (2010); Justino (2012) and Rohde and Guest (2013) used Theil indices, while List (1999); Banerjee (2010) and Decancq and Lugo (2012) used the Gini coefficient. By aggregating dimensional attainments for each individual, this measurement approach includes the correlations between component dimensions, hence can satisfy the correlation increasing majorization criterion, and also can satisfy the criterion of uniform majorization (Aaberge and Brandolini 2015).



The third approach incorporates the procedures of aggregating across individuals and across dimensions into a unified multidimensional inequality index in only one rather than two separate stages. For this reason, it is called the direct one-stage approach (Aaberge and Brandolini 2015, p. 196). Attainments in separate dimensions of an individual are combined into a function of well-being. This well-being function is embedded in the inequality function to form a one-stage multidimensional inequality index. In this way, the distributions of different attributes enter directly into the multidimensional inequality index. The one-stage approach can satisfy the criteria of uniform majorization and correlation increasing majorization since it takes the dimensional correlations into account while examining the attainments of individuals for all dimensions (Aaberge and Brandolini 2015). Tsui (1995, 1999) adopted this approach using the Atkinson index. List (1999), Brandolini (2008) and Decancq et al. (2009) also extended Atkinson indices for multivariate measurement. Erreygers (2013) developed the dual and joint Atkinson indices, which require a specific social evaluation function, for the measurement of socioeconomic inequality of health.



Besides measuring the multidimensional inequality by means of a normative index, many researchers have employed stochastic dominance criteria (Shorrocks 1983; Lambert 2001) to examine multidimensional inequality (Duclos et al. 2011; Muller and Trannoy 2011; Cowell et al. 2017; Petrillo 2017) and multidimensional poverty (Arndt et al. 2012; Nanivazo 2015). The advantage of this method is that it is based on the comparison of the entire distributions of different dimensions rather than on the comparison of aggregated index values. However, the drawback is that it very often leads to an incomplete ranking of distributions, which reduces its usefulness for policymakers.





3. Literature Review of Multidimensional Well-Being in Vietnam


There have been several attempts to investigate empirically the distribution of multidimensional well-being in Vietnam, focusing on inequality as well as poverty. These studies yield a broader and more nuanced picture of inequality and poverty than what the common income-based measures provide. Justino (2012) applied the stochastic dominance method to evaluate the multidimensional inequality in education, health and expenditure consumption of households. She recognized two different tendencies of change in the distribution of well-being between 1992 and 1998: non-income inequalities decreased, but expenditure inequality increased. Focusing on attainments of health, education, the possession of house assets (e.g., refrigerator, television and gas cooker) and living conditions, Phan and O’Brien (2019) investigated the inequality of well-being by means of polychromic principal component analysis (McKenzie 2005; Ward 2014) using household-level data in the period 2002–2008. They found similar evolutions of multidimensional inequality and inequality in the possession of house assets, which is commonly considered as crucial to objective well-being in developing countries. These inequalities increased in 2004 but remained stable until 2008. There was a significant difference in inequality between rural and urban areas. In the urban area, the degree of multidimensional inequality was high in 2002 and decreased thereafter, while, in the rural area, it was initially low but then started to increase. The evolutions of inequality within different regions of Vietnam were not much different, except for a pronounced rise of inequality in the Northern mountain region.



Meanwhile, multidimensional poverty has received more attention. A study covering the period 1993–1998 by Baulch and Masset (2003) found a modest correlation between monetary and nutrition poverties, at least as far as chronic poverty is concerned. Nutrition poverty showed strong persistence, and remote urban areas remained at high risk of both poverty types over time. Similarly, Tran et al. (2015) found that from 2007 to 2010 monetary poverty declined and fluctuated more than multidimensional poverty in terms of health, education and living conditions, since the high economic growth in Vietnam had a more immediate impact on income than on non-monetary well-being. Much less than 50% of the monetary poor also experienced multidimensional poverty. Focusing on education, health, living conditions, child labour and social inclusion, Roelen et al. (2012) observed that only half the number of children living in multidimensional poverty (who made up 35% of the child population) were monetary poor in 2006. More recently, Le et al. (2015) observed that monetary poverty was not very likely to be accompanied by non-monetary poverty with regards to health, education, insurance, social support, living conditions and social participation. Applying the poverty index proposed by Alkire et al. (2015), they found that overall multidimensional poverty slightly declined during 2010–2012, and lack of social insurance contributed most to poverty in general. By contrast, the work of Mahadevan and Hoang (2016) recognized a strong connection between income deprivation and multidimensional poverty in terms of food consumption, household’s assets and living conditions based on a household survey in 2010. Pham and Mukhopadhaya (2018) applied a fuzzy sets approach to study multidimensional deprivation, exploring both monetary and non-monetary aspects of deprivation. Using household survey data for the year 2012 they were able to identify several groups (e.g., ethnic minorities) who are relatively more deprived. Most recently, Pham et al. (2020) applied a multilevel model to study spatial differences in multidimensional poverty. They considered seven dimensions and used household survey data for the year 2014.




4. Methodology


Our analysis proceeds in different steps. First, we look at the average levels of well-being and of its component dimensions. For the calculation of individual well-being levels, we use a specific well-being function which we define below (see Equation (6)). Second, we study the associations between the dimensions of individual well-being, which we measure by means of coefficients of correlation. There is a substantial literature on the mutual relationships between the different aspects of well-being (Williams 1990; Smith 1999; Goldman 2001; Currie 2009; Rahman et al. 2016). The existence of high degrees of positive correlation between dimensions implies that patterns of inequality in one dimension are to a large extent replicated in other dimensions. This may be seen as a factor, which reinforces the extent of multidimensional inequality. Third, and most importantly, we calculate indices of multidimensional inequality. Our preferred inequality index is the multidimensional Atkinson index, which belongs to the Atkinson family of relative inequality indices and was suggested by Tsui (1995, 1999). The well-known unidimensional Atkinson index measuring the degree of inequality of a distribution x over n individuals is expressed as:


  I = 1 −    1 n   ∑  i = 1  n      x i   μ ( x )     1 − ϵ     1  1 − ϵ     



(4)




where   x i   stands for the attainment of individual i,   μ ( x )   is the average attainment, and  ϵ  is a parameter capturing the degree of aversion to inequality. The index is derived from a social evaluation function    u ϵ   (  x i  )    of the isoelastic type:


   u ϵ   (  x i  )  =       x  i   1 − ϵ    1 − ϵ       if     ϵ ≠ 1       log (  x i  )      if     ϵ = 1       



(5)




Parameter  ϵ  receives values in the range of   0 , + ∞  . A greater value of  ϵ  indicates a higher degree of inequality aversion. When  ϵ  is equal to 0, inequality is not taken into account at all: all distributions return the same inequality index equal to 0. When  ϵ  goes to   + ∞  , the value of the index tends to   1 −   x 1   μ ( x )    , with   x 1   being the level attained by the worst off individual in society. If this level is positive, the values of the Atkinson index lie in the range   0 , 1  .



To extend this framework to the case of multidimensional inequality, we now assume that the attainment of an individual is measured by a vector rather than a scalar. More specifically, let    x i  =  (  x  i 1   ,  x  i 2   , … ,  x  i g   )   , where   x  i j    is equal to the attainment of individual i in dimension j. Moreover, we introduce a multidimensional individual well-being function,    W β   (  x i  )   , which translates the multidimensional attainment vector   x i   into a well-being index. Following Decancq et al. (2009), we have chosen a function which measures individual well-being as a generalized weighted average of order  β  over g separate dimensions:


   W β   (  x i  )  =    ∑  j = 1  g   w j    x  i j   β    1 β    



(6)




Parameter  β  captures the degree to which attainments in different dimensions can compensate each another. It is equal to   1 − 1 / σ  , where  σ  is the constant elasticity of substitution between the dimensions of well-being. The value of  β  lies in the range   − ∞ , 1   (Decancq et al. 2009; Lugo 2007). The substitutability between dimensions increases with the value of  β . When the value of  β  goes to   − ∞  , the dimensions are considered to be perfect complements. When  β  equals 0, the well-being function takes the Cobb–Douglas form. When  β  reaches the upper bound of 1, the dimensions are considered to be perfect substitutes of each other. The weight given to dimension j is equal to   w j  , and the sum of these weights is equal to 1. We assume that all studied dimensions are equally important to human lives and therefore we always take    w j  = 1 / g   for every j.



The multidimensional Atkinson inequality index is constructed in a similar way as the one-dimensional index (see Equation (4)). Instead of the attainment levels, we now use the well-being levels as determined by the function    W β   ( . )   :


  I = 1 −    1 n   ∑  i = 1  n       W β   (  x i  )     W β   ( μ )      1 − ϵ     1  1 − ϵ     



(7)




where   μ =  μ  (  x  ( 1 )   )  , μ  (  x  ( 2 )   )  , … , μ  (  x  ( g )   )     and   μ (  x  ( j )   )   stands for the average attainment in dimension j. The term in the denominator    W β   ( μ )    is equal to the level of well-being which would be achieved when an individual attained the average in all dimensions. For our specific individual well-being function, the Atkinson multidimensional inequality index is then equal to:


  I = 1 −    1 n   ∑  i = 1  n       ∑  j = 1  g   w j    x  i j   β     ∑  j = 1  g   w j  μ   (  x  ( j )   )  β       1 − ϵ  β     1  1 − ϵ     



(8)







The meaning of the multidimensional Atkinson index is, by construction, slightly different from that of the unidimensional Atkinson index. While the latter is based upon a comparison of the value of the equally distributed equivalent attainment to the average attainment, the former index compares the aggregate well-being of the whole population (the numerator term) to the value of the aggregate well-being if everyone attained the average in each dimension (the denominator term).



The values of the parameters  β  and  ϵ  have to be chosen by the investigator and can express different normative preferences. Thanks to the flexibility of the functional form, it is relatively easy to explore how changes of the parameters of dimensional substitutability and inequality aversion affect the results. It deserves to be mentioned that not all combinations of  ϵ  and  β  are such that the two majorization principles we have discussed earlier are satisfied. The uniform majorization principle (Kolm 1977) holds when   ϵ > 0   and   β < 1  . The first condition guarantees that society is averse to inequality and the second that the different dimensions are not perfect substitutes of one another. The correlation increasing majorization principle (Atkinson and Bourguignon 1982) requires   ϵ + β > 1  . In our empirical analysis, we consider both cases where these principles are met and where they are not.




5. Data


5.1. Data Source


We use data from the Vietnam Household Living Standard Survey (VHLSS) conducted by the General Statistics Office of Vietnam’s government. The survey has been carried out biennially from 2002 onwards and provides a representative dataset for the whole population of Vietnam at all ages. The content and format of the survey have remained fairly constant over different waves to provide data with a significant degree of consistency over the years. The dataset includes a wide variety of variables, which we use to obtain information on what we consider to be four crucial dimensions of human welfare: consumption expenditures, education, health, and housing conditions. We acknowledge that the choice of dimensions is a value judgment (see Chapter 6 of Alkire et al. 2015 for an excellent discussion of the issues involved), and as a result others may find a different set of dimensions more appropriate than the set we have chosen. The data on expenditures, houses and dwelling facilities of the households and schooling attainments of individuals in all surveyed years are fairly rich. However, detailed information with regard to health conditions of individuals is available for some years only; for most years, the data are of poor quality.



In this study, we make use of six consecutive waves of VHLSS from 2002 to 2012. We focus on adult individuals and only include those who are at least thirty years old in our sample since people have typically reached their highest education levels at that age. We delete extreme outliers from the sample, because the Atkinson index is particularly sensitive to extreme values (Amiel et al. 1996). The number of individuals removed is for each wave less than 1%: 91 individuals for the wave 2002, 152 for 2004, 15 for 2006, 23 for 2008, 15 for 2010 and 17 for 2012. After applying our selection criteria, we have a dataset covering almost half of the original sample size of VHLSS. A few statistics on the data are provided in Table 1. All calculations have been made using the statistical software program STATA.




5.2. Indicator Construction


In this subsection, we describe how we measure individuals’ attainment for expenditure, health, housing and education. As far as the dimensions of consumption and education are concerned, we use data on expenditures and schooling years to measure the attainments of individuals. For the dimensions of housing and health, we construct two new indicators. While information on health status and education is provided for each individual, data on expenditures and housing conditions are available only at the household level. We assume that all members of the same household enjoy exactly the same level of expenditure and housing.



We calculate individual expenditure   c i   as the equivalized real per capita consumption expenditure excluding out-of-pocket spending on health. Let individual i be a member of household k which consists of   n k   members. If the consumption expenditure net of any out-of-pocket spending on health by any member of this household is equal to   C k  , then the equivalized per capita consumption level of each member of this household is defined as:


   c i  =   C k    (  n k  )  2    



(9)




This means that we assign to all members of a given household the same amount of individual consumption, regardless of any differences in what they spend on individual health treatments. Since all households have positive expenditure levels, all individuals have positive equivalized per capita consumption levels. By excluding out-of-pocket medical expenses, we aim to avoid endogeneity as well as double uses of the same information.



With regard to health, we are severely constrained by the available data. We have looked for variables that would accurately measure the health status of individuals. For instance, for most of the survey years, the VHLSS includes a question on whether household members have visited a healthcare center. However, from that we cannot infer whether they have been ill: the visit might have been for a check-up or a vaccination. Households were also asked whether they could afford to pay the health expenses of every individual member, and if not, how they managed to find the necessary funds (e.g., by borrowing). Even though questions such as these provide useful insights into problems such as catastrophic health expenditures, they do not yield direct information on the health status of individuals. Moreover, the information is not available for all years under consideration, and the list of possible answers has not remained the same. In the absence of individual health outcome measures, we construct a health variable which measures health indirectly. The health indicator of an individual   h i   compares the health expenditures for this individual with his or her total expenditures. The health expenditures consist of the sum of what an individual pays out-of-pocket and what the health insurance providers pay to hospitals. The total expenditures are the equivalized per capita consumption augmented with the health expenditures. More precisely, we use the following formula to calculate the health indicator   h i  :


   h i  = 1 −   t i    t i  +  c i    =   c i    t i  +  c i     



(10)




where   t i   stands for the health expenditures for individual i. Individuals with zero health expenditures are assumed to be in perfect health (  h i   = 1). Given that all equivalized per capita consumption levels are positive, the values of the health indicator are strictly greater than zero for all individuals.



It should be noted that our health variable is a proxy and by no means a perfect measure of health. However, because in the VHLSS survey the only variable providing consistent information on individual health over the studied period is ‘expenses for illness treatment’, it is the most we can do for the moment. Rather than taking the absolute value of the health expenditures as a proxy for ill health, we have decided to use relative spending on health as a proxy.



For the housing dimension, we also need to create a new variable. The housing variable is a regression-based estimate of the quality of the houses in which the households are living irrespectively of whether they own or rent the houses (see Decancq and Lugo 2012 for a similar regression-based approach to the housing dimension). We first regress the logarithms of the (self-stated) housing prices on a wide range of variables such as equivalized per capita living space, quality of the building materials, sanitary conditions (e.g., tap water access and qualified toilet), availability of durable equipment, and regional dummies to identify the coefficients of these housing characteristics. The idea is to obtain the relative importance of each housing characteristic to the quality of the house. Since VHLSS provides self-stated house prices of the surveyed households for a few waves only, the house prices are considerably volatile through time and we do not have enough means to control for these changes in price, we use the observations from the survey wave in 2012 only to estimate the coefficients of these housing characteristics. The results of the regression are presented in Table A1 of Appendix A. Once we have retrieved the coefficients of housing characteristics, we estimate logarithms of the housing price for every household in all studied years based on these coefficients. We then convert these logarithms of housing prices into predicted house prices. Finally, the predicted house price of a given household is assigned to every individual of that household and treated as the housing variable   d i  .



As far as education is concerned, we use nine educational levels (1,2,…,9) according to the highest achievement of schooling. The nine levels of education correspond to years of schooling in the ranges [0,1], [2,3], [4,5], [6,7], [8,9], [10,12], [13,15], [16,17] and [18,22]. The lowest three levels refer to elementary school, the middle three levels to secondary school and the top three levels to post secondary, bachelor, and master and doctoral degrees, consecutively. The value of the education attainment variable   e i   is therefore in the range [1,9]. Alternatively, we could have used the actual years of schooling to measure educational attainment. This would entail higher levels of educational inequality, but would have no impact on the evolution of inequality (more details can be found in Figure A1 of Appendix A).



To combine several welfare dimension indicators with different measurement scales into one inequality index, it is important to ensure that they are measured coherently. To this end, we divide them by their average value in the initial year, 2002. Our multidimensional index is calculated using the normalized values of the variables, which lie in the range (0,+∞). The normalization ensures that the index has the property of ratio-scale invariance. Descriptive statistics of the four non-normalized variables can be found in Table 2. Table A2 of Appendix A provides details on the normalized variables.



To obtain a general idea about the multidimensional well-being of every single person, we calculate an indicator of individual well-being synthesizing the normalized indicators of the four dimensions according to Equation (6). By assumption, each dimension enters into the well-being indicator with the same weight, while the substitutability between dimensions is flexible.





6. Empirical Findings


In this section, we present our main empirical findings on the evolution of multidimensional well-being in Vietnam. We successively discuss the average attainments of well-being in Vietnam (Section 6.1), the correlations between dimensions (Section 6.2), and our estimates of inequality of well-being (Section 6.3). We examine the sensitivity of our assessment (Section 6.4) and end by comparing our measurement of multidimensional inequality with those of the two-stage approach (Section 6.5).



6.1. Average Well-Being in Vietnam


We begin by taking an aggregate view of well-being in Vietnam by considering the average levels and their evolution over the period 2002–2012. It is worth recalling that our study is limited to the sub-population of people who are at least 30 years old.



6.1.1. Single Dimensions


With the exception of health, all the studied attributes had increasing average levels over the period 2002–2012 (see Table 2). Average individual equivalized per capita consumption expenditure increased steadily. According to our data, its average yearly growth rate was 6.4%. (For comparison, the average yearly growth rate of GDP per capita for the same period was 5.5%, according to the World Bank’s estimates (https://data.worldbank.org).) Between 2008 and 2010, equivalized per capita consumption expanded exceptionally, by more than a third. However, between 2010 and 2012, in the aftermath of the slowdown of the Vietnamese economy, the increase was much more modest. The average status of individual health remained basically unchanged; poor informative data on individual health could be the reason for the lack of variation. According to our health indicator, around 65% of the population have perfect health. The average level of housing increased considerably, especially between 2002 and 2004 when it grew by more than half. It reached a peak in 2010; between 2010 and 2012, it fell by almost 12%. Over the period 2002–2012, individuals had more space for accommodation: equivalized per capita living space expanded from 28 to 40 square meters. Safe drinking water and electricity became more accessible for all households. The numbers of durable home assets increased and people also spent more on their daily life. Educational attainment also made progress. The change in the average educational level from 4.023 in 2002 to 4.348 in 2012 reflects an increase in the average number of schooling years from 6.9 years in 2002 to 7.6 years in 2012.



Since the values of our multidimensional inequality index are based on the normalized values of the attribute variables, we report the descriptive statistics of the normalized values of these variables in Table A2 in Appendix A. By construction, the average normalized value of every attribute variable for the year 2002 is equal to 1.




6.1.2. Multiple Dimensions


To determine the evolution of the average level of well-being using our individual well-being function in Equation (6), we need to specify the number of dimensions, the value of the parameter  β  and the normalized values of the attribute variables of each individual. We illustrate this by choosing the value   β = 0  . The results for the six possible combinations of two dimensions can be found in Table A3 and those for the four possible combinations of three dimensions in Table A4. Thanks to the improvements which have taken place in the dimensions of consumption, housing, and education, the average levels of attainment of all two- and three-dimensional combinations of well-being attributes have increased between 2002 and 2012. The highest growth rate is obtained for the combination of consumption and housing, for which the average level more than doubled between 2002 and 2012. By contrast, for the combination of health and education, the average level increased very modestly only.



The results for the combination of all four dimensions are in Table 3 and provide a synthetic view of the joint progress made in all the studied attributes. We see that the average level of attainment increased steadily, with the exception of the period 2010–2012, when it dropped slightly. Between 2002 and 2012, the average four-dimensional well-being indicator grew at a yearly rate of 4.2%. This indicates that, on the whole, average levels of well-being in Vietnam have increased considerably in the period under study. For other values of  β , the results are different, but the broad tendency remains the same.





6.2. Correlations between Dimensions of Well-Being


A high degree of positive correlation also means that the multidimensional inequality index is less sensitive to changes in the degree of substitutability. In Table 4, we report the coefficients of correlation between the six pairs of two dimensions. All coefficients are positive and remain relatively steady throughout the study period. The strongest association exists between consumption expenditure and housing, although the correlation diminishes slightly over time. Both consumption and housing are moderately correlated to education, and their correlation coefficients increase over the whole studied period. This suggests an increasing importance of schooling in determining income and consumption. In other words, the social gradient in education became steeper over the studied period.



By contrast, the social gradient in health was relatively flat in our dataset. Individual health status appears to be weakly connected to the other attributes of individual well-being. When excluding individuals with perfect health condition from our calculation, we find similar values of the coefficients of correlation. The only difference is that the correlation with education switches from positive to negative in the period 2002–2008 (see Table A5 in Appendix A). However, since the health–education correlation coefficients are relatively small in absolute value, the change of sign is only of minor importance.




6.3. Inequality in Well-Being: The Reference Case


Although we allow for flexibility in the degrees of inequality aversion ( ϵ ) and substitutability ( β ), we begin our analysis of multidimensional inequality by choosing a specific value for each of these parameters. We treat this as our reference case. The chosen set of values is   ϵ = 2   and   β = 0  .



6.3.1. Single Dimensions


We start by looking at the level and evolution of inequality in each dimension separately. We measure inequality by means of the one-dimensional Atkinson index. The results can be found in Figure 1. The left panel shows that, throughout the study period, the highest degree of inequality was observed in the dimension of housing, and the lowest in the dimension of health. Moderate levels of inequality were present in the dimensions of consumption and education. The right panel provides evidence on the changes in inequality in comparison to the initial year of the study period. In relative terms, inequality in housing and inequality in health appear to have fluctuated most. With the exception of education, all dimensions had lower levels of inequality in 2012 than they had in 2002. On the whole, it seems that the levels of inequality in the separate dimensions remained relatively stable, with a modest tendency to decrease.



Inequality in consumption remained fairly stable between 2002 and 2008. It rose substantially between 2008 and 2010, but dropped again between 2010 and 2012. Inequality in health seems to be quite unstable over the years, but we have to take into account that its level remained very low, which means that small absolute changes are translated into great relative changes. Inequality in housing, by contrast, has remained very high throughout the study period. Remarkably, the only substantial decrease occurred between 2008 and 2010, when inequality in consumption increased considerably. Finally, inequality in education remained almost unchanged for the whole period. Given that the average level of education increased, the two facts together suggest that the progress in Vietnam’s educational achievement was not only the result of advances at the top of the distribution, but also at the bottom. This is a remarkable result in view of the fact that, as observed above, there is evidence of an increasing positive correlation between education and consumption in Vietnam (see Table 4).



A study of the distribution of each attribute separately provides only a partial view of the inequality of well-being and its evolution over time. For a more complete picture, we have to consider several attributes jointly. We do this by looking successively at combinations of two, three and four attributes.




6.3.2. Two Dimensions


Figure 2 presents the level and evolution of the six possible types of two-dimensional inequality of well-being. The left panel makes it clear that all combinations involving housing had relatively high levels of inequality. The combinations consumption–health and health–education were characterized by relatively low levels of inequality. The right panel allows us to say more about the evolution of each type of inequality. For all combinations of two well-being attributes, the level of inequality in 2012 was lower than it was in 2002, with the strongest decreases taking place in the three combinations with housing. It is remarkable that for these combinations the level of inequality dropped sharply between 2008 and 2010 and increased between 2010 and 2012, while for the combinations consumption–health and consumption–education the opposite occurred. The level of inequality for the combination health–education remained more or less the same throughout the study period. Overall, what we see is that all types of two-dimensional inequality decreased between 2002 and 2004, increased slightly or remained roughly equal between 2004 and 2008, and fluctuated most heavily between 2008 and 2012. This suggests that the evolution of multidimensional inequality has not been uniform over the whole study period. We now have to check whether this holds true also if we take into consideration three of four dimensions.




6.3.3. Three Dimensions


The levels and evolution of the four types of three-dimensional inequality resemble those of the two-dimensional inequalities. The levels of the three types of inequality involving the housing dimension are higher than the one without housing. The highest level of inequality is observed for the consumption–housing–education combination. While inequality remained fairly stable (at a low level) for the consumption–health–education combination, it decreased substantially for the other combinations, mainly as a result of sharp drops between 2002 and 2004 and between 2008 and 2010. From 2004 to 2008, inequality remained stable or increased slightly, while, from 2010 to 2012, it increased, except for the consumption–health–education combination. The overall picture is that inequality appears to have decreased between 2002 and 2012, with the largest changes occurring between 2002 and 2004 and between 2008 and 2010.




6.3.4. Four Dimensions


This is also what we observe if we look at the evolution of the level of four-dimensional inequality (see Figure 3). Between the beginning and the end of our period of study, the level of inequality has clearly decreased. We observe a statistically significant fall from 0.34 to 0.30. The level of inequality also fluctuated a bit in between. The most substantial changes occurred between 2002 and 2004 and between 2008 and 2010. Inequality statistically significantly decreased from 0.35 to 0.33 and from 0.33 to 0.29, respectively. For the rest of the period, inequality remained more or less the same. We present the estimates of inequality for all years and their confidence intervals in Table A6 of Appendix A. The fact that multidimensional inequality attained its lowest level in 2010 is the result of both changes in the distributions of the separate well-being attributes and of changes in the way they are correlated. In other words, it is not something which can be deduced simply by looking at the levels of inequality in each single dimension. In fact, the levels of inequality in education and consumption reached a peak in 2010; only the level of housing inequality was at its lowest in 2010.





6.4. Inequality in Well-Being: Sensitivity Analysis


Thus far, we have assumed a specific set of values for the degrees of inequality (  ϵ = 2  ) and of substitutability (  β = 0  ). We now explore what is the effect of changing the values of these parameters, especially on the trends of inequality over time. Recall that higher values of the inequality parameter express more sensitivity to the bottom of the well-being distribution, while higher values of the substitutability parameter indicate more substitutability between the different dimensions taken into account to calculate individual well-being levels. A priori, it is very difficult to predict how changes in the two parameters will affect the estimated values of the multidimensional Atkinson index. In this section, we extend our empirical analysis and look at different combinations of  ϵ  and  β  in order to determine whether and how the pattern of evolution of multidimensional inequality changes. More specifically, we investigate the evolution of the 11 different types of multidimensional inequality (i.e., the six combinations involving two dimensions, the four combinations involving three dimension and the single combination involving four dimensions) for six different values of  ϵ   0.5 , 1 , 2 , 3 , 4 , 5   and six different values of  β   − 5 , − 3 , − 1 , 0 , 0.5 , 1  . In all cases, our focus is on the difference between the extent of inequality at the beginning of the study period (2002) and the end (2012). For each type of multidimensional inequality, we therefore have 36 estimates of the difference.



In Figure 4, we report the results by means of colored dots. The color of the dot indicates whether the level of inequality has gone up (red) or down (blue). The size of the dot is proportional to the absolute value of the relative change in inequality, i.e.,     I  e n d   −  I  b e g i n          I  e n d   −  I  b e g i n     I  b e g i n         I  b e g i n    . The largest dot (in the bottom left corner of the consumption–health panel) represents a relative change of   − 57.60 %  . Let us begin by looking at the sign of the change. In the reference case (  ϵ = 2   and   β = 0  ), we found that inequality decreased for all types of multidimensional inequality. This holds for 15 out of 36 cases. In 19 cases, some types of multidimensional inequality increased, while others decreases. Remarkably, in two cases, all types of multidimensional inequality increased. Obviously, we cannot claim that multidimensional inequality has decreased irrespective of the values of the two parameters. However, since there are many more cases in which all types of multidimensional inequality decreased rather than increased, what we can say is that a decrease of multidimensional inequality seems more likely than an increase. Zooming in on the individual types of inequality, we find that a decrease is most likely for the consumption–housing combination (34 out of 36 cases) but less likely for combinations including education. All combinations involving housing tend to have relatively high probabilities of decrease: consumption–housing–education (29/36), consumption–health–housing (29/36), housing–education (27/36), health–housing (27/36), consumption–health–housing–education (27/36), and health–housing–education (26/36). Lower probabilities are observed for consumption–health (24/36), consumption–health–education (20/36) and especially health–education (18/36) and consumption–education (15/36).



A clear pattern emerges from the color maps: higher values of  β  and  ϵ  seem to be associated with higher probabilities of increase. For practically all types of inequality, we find increases when  β  reaches its maximum value of 1, whatever the value of  ϵ , and a broadly similar result holds when   β = 0.5  . By contrast, when  β  is equal to −5, −3, −1 or 0, we find decreases for most types of inequality. As far as  ϵ  is concerned, when its value is equal to 5, we find increases for three types of multidimensional inequality (consumption–education, health–education and consumption–health–education), whatever the value of  β . For lower values of  ϵ , we tend to find more and more instances where inequality decreases. Put differently, we are more likely find decreasing inequality if we assume a relatively low degree of substitutability between the dimensions of well-being and a not very high degree of aversion to inequality.



The relative magnitudes of the changes in inequality, indicated by the size of the dots, suggest that the effect of the changes in parameters are gradual. The blue dots tend to get bigger if one moves to the left (i.e., if  β  decreases) or to the bottom (i.e., if  ϵ  decreases), while the red dots tend to get bigger if one moves to the right or to the top. Additional information on the effects of changes in the two parameters can be obtained from Figure 5 and Figure 6. The first of these allows us to see how, for given values of  β , changes in  ϵ  affect the values of selected types of multidimensional inequality at the beginning and end of the study period. The second allows us to do the same for changes in  β , given values of  ϵ .




6.5. Measurement Procedure Using the Atkinson Index: One-Stage vs. Two-Stage Approaches


The above empirical findings are based on the one-stage Atkinson approach, using direct calculation on the attainment levels of each dimension across individuals. As pointed out before (see Section 2.2), it is also possible to follow a two-stage measurement approach which aggregates across dimensions first, and then applies a one-dimensional inequality index to the estimated levels of individual well-being. To check the robustness of our estimates, we compare the levels of multidimensional inequality obtained by the one-stage Atkinson approach with those of the two-stage approach using the one-dimensional Atkinson index in the second stage.



We present here the results only for the case where well-being is determined by four dimensions. We observe a similar decrease in multidimensional inequality of well-being over the period 2002–2012. Figure 7 displays in detail the levels of inequality following the two approaches. The one-stage approach tends to generate higher estimates of inequality than the two-stage approach. The difference in outcome between the two measurement procedures decreases with the rise in degree of inequality aversion and substitutability, and it ceases to exist when the degree of substitutability reaches its highest level,   β = 1  .





7. Discussion


7.1. Policy Aspects


Our results show that the choice of the degrees of substitutability and inequality aversion influences the magnitude and even the sign of the change in multidimensional inequality. Our estimates mostly suggest a decrease of the multidimensional inequality over the study period for all levels of dimensional substitutability when we assume a moderate degree of inequality aversion (  ϵ < 3  ). Only when we adopt the rather extreme assumption of perfect substitutability between dimensions do we almost always observe inequality increasing between 2002 and 2012. From this, we tentatively draw the conclusion that in Vietnam well-being, as determined by consumption, health, education and housing, was distributed more equally in 2012 than it was in 2002. It would of course be very interesting to know to what extent the evolution of inequality has been the determined by policies and policy changes in Vietnam. A detailed analysis of Vietnam’s policies with regard to economic growth, education, health and housing is outside the scope of this paper. As far as economic growth is concerned, Leung (2010) provided interesting insights on Vietnam’s policies in the period before 2002 and Benjamin et al. (2017) on Vietnam’s ’growth with equity’ trajectory in the period 2002–2014, including a comparison with China.



Our finding that higher degrees of inequality aversion tend to be associated with smaller decreases of inequality or even increases of inequality suggests that those who are worst off may not have made as much progress as those who are better off. If the reduction of multidimensional inequality is a policy objective, the implication for policymakers is that more attention should be given to those who are at the bottom of the well-being distribution. Often these are individuals who are deprived in a monetary sense (lack of income), but it may also be that they are in a bad position because of shortcomings in non-monetary dimensions (e.g., lack of health). In this respect, research on multidimensional poverty in Vietnam, such as those by Le et al. (2015); Pham and Mukhopadhaya (2018) and Pham et al. (2020), complements research on multidimensional inequality.



Which aspects of well-being should be targeted most depends in the first place on which dimensions are considered to be essential for individual well-being. We have concentrated on four dimensions (consumption, health, education and housing), but one might just as well choose to reduce, extend or change this set of dimensions. Given our selection of dimensions and of variables to measure attainments in these dimensions, we believe that housing needs to be treated attentively. Inequality is exceptionally high when it comes to housing. Even though this inequality has decreased over the study period, there is little doubt that further reductions in housing inequality will substantially reduce multidimensional inequality.




7.2. Limitations


We have assumed that the degree of substitutability between well-being dimensions and dimensional weights are homogenous for all individuals. This means that they are considered to be independent of the well-being levels attained by individuals and of individuals’ preferences. Our assumption could be considered arbitrary since the dimensional substitutability might be different at different attainment levels of well-being dimensions (Anand and Sen 1997; Mauro et al. 2018). The marginal utility of unidimensional attainment alters across the distribution of this dimension; hence, its relative importance and ability to compensate for shortages in other dimensions alter along the distribution of well-being. At the same time, the substitutability between and relative importance of well-being dimensions also vary across individuals. Different persons have their own perspectives on how a particular dimension contributes to their well-being. It seems impossible to determine these once and for all: there is no ultimate rule on how important one dimension is compared to others. There is a lot of diversity between individuals. If we were able to take these heterogeneities into account, it would increase the reliability of the evaluation. However, it remains impossible to determine the degree of substitutability and the dimensional weights for every particular individual because the data required to infer such information (e.g., life-satisfaction data) are not yet available for Vietnam. Given this condition, we believe that our assessment based on the above assumptions remains the best we can do.



There are a few other limitations of our study which deserve to be mentioned explicitly. We concentrate on the measurement of multidimensional inequality among individuals and do not attempt to see how this inequality can be decomposed any further. For instance, from a policy perspective, it could be interesting to shed light on the differences between inequality among households and inequality within households. This is a promising avenue fur future research. Furthermore, our decision to include only individuals who are at least 30 years old may be seen as unduly restrictive. The motivation for this choice is that we do not want our results to be biased by including individuals who have not yet reached their highest educational level. However, if a procedure can be developed to avoid this bias, it will certainly be useful to include also individuals who are still studying. Finally, we repeat that our health indicator is rudimentary and might not adequately reflect the true health condition of individuals. As a result, our finding that the level of inequality in health is fairly low is tentative at best. As far as we know, there is no study of the evolution of health inequality in Vietnam in the period 2002–2012, and therefore it is difficult to say to what extent our findings are accurate.





8. Conclusions


We observe a generally declining trend in multidimensional inequality and mixed tendencies in inequality of single dimensions of well-being for Vietnam between 2002 and 2012. A far as consumption and housing are concerned, their average attainments increased remarkably and their distributions became more equal. The average level of education increased with a basically stable degree of educational inequality. While the average status of individual health showed no notable improvement, health inequality tended to diminish. In general, multidimensional inequality has decreased with the expansion of average attainment of well-being in Vietnam. This fact can be considered as a success for the country, since socioeconomic growth is often accompanied by increasing inequality. It must be kept in mind, however, that our evaluation of multidimensional inequality is sensitive to the choice of the degrees of inequality aversion and substitutability between dimensions. Therefore, caution is needed when interpreting the results and when deriving policy implications.



The decrease in multidimensional inequality could be due to a decrease of inequality in one or more separate dimensions, but also to the weakening of the correlation between some dimensions. More evidence is required to clarify whether the changes in unidimensional distribution or dimensional correlation are the key drivers of this change, especially when the correlations show mixed evolutions. The noteworthy fact is that education had a stronger and increasing association with consumption and housing while the correlation between consumption and housing tended to be weaker over time. These associations can be clarified through further research on the causal relationship between education and monetary well-being attainments in Vietnam. Egalitarian policies targeting an attribute which has a strong influence on other attributes can have an equalizing effect on more than one attribute. For this reason, understanding the causal relationships between different attributes of well-being helps identify which attributes should be given priority if the goal is to reduce multidimensional inequality.
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Table A1. Coefficients of regression equation on housing.






Table A1. Coefficients of regression equation on housing.





	

	
Coefficient

	
s.e






	
living space *

	
0.506

	
0.00016




	
asset

	
0.193

	
0.00006




	
type of house

	
−0.223

	
0.00011




	
big city

	
0.819

	
0.00025




	
urban

	
0.447

	
0.00020




	
access to tap water

	
0.194

	
0.00020




	
good WC

	
0.422

	
0.00020




	
access to electricity

	
0.233

	
0.00046




	
region 1

	
0.111

	
0.00036




	
region 2

	
−0.233

	
0.00037




	
region 3

	
−0.195

	
0.00051




	
region 4

	
−0.121

	
0.00037




	
region 5

	
−0.259

	
0.00040




	
region 7

	
−0.072

	
0.00036




	
region 8

	
−0.297

	
0.00035




	
Number of observations

	
36,623




	
R square

	
0.716








Notes: The coefficients are obtained from an OLS regression of the logarithm of self-stated prices of households’ houses using sample weights and household sizes for the year 2012. (* Living space is measured by the logarithm of equivalized per capita square meter of the household’s total living space.) All coefficients are significant at the 1% level. Source: Own calculations based on VHLSS 2002–2012.
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Table A2. Descriptive statistics of normalized dimensions of well-being.
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	Year
	Mean
	S.D.
	Min.
	Max.





	Consumption
	2002
	1.000
	0.800
	0.048
	10.200



	
	2004
	1.159
	0.884
	0.074
	9.532



	
	2006
	1.250
	0.942
	0.092
	14.270



	
	2008
	1.330
	1.026
	0.088
	13.500



	
	2010
	1.793
	1.536
	0.013
	23.537



	
	2012
	1.862
	1.404
	0.091
	22.187



	Health
	2002
	1.000
	0.106
	0.064
	1.034



	
	2004
	0.994
	0.106
	0.073
	1.034



	
	2006
	0.991
	0.114
	0.077
	1.034



	
	2008
	0.989
	0.119
	0.075
	1.034



	
	2010
	0.995
	0.103
	0.078
	1.034



	
	2012
	1.001
	0.097
	0.055
	1.034



	Housing
	2002
	1.000
	2.083
	0.036
	27.445



	
	2004
	1.512
	2.490
	0.051
	25.570



	
	2006
	1.658
	2.676
	0.051
	33.175



	
	2008
	1.835
	2.856
	0.055
	26.027



	
	2010
	2.412
	3.175
	0.049
	27.151



	
	2012
	2.129
	3.195
	0.063
	30.758



	Education
	2002
	1.000
	0.461
	0.249
	2.237



	
	2004
	1.015
	0.447
	0.249
	2.237



	
	2006
	1.037
	0.464
	0.249
	2.237



	
	2008
	1.055
	0.470
	0.249
	2.237



	
	2010
	1.075
	0.488
	0.249
	2.237



	
	2012
	1.081
	0.488
	0.249
	2.237







Source: Own calculations based on VHLSS 2002–2012.
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Table A3. Descriptive statistics of well-being indicators—two dimensions,   β = 0  .
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	WB Indicator
	Year
	Mean
	S.D.
	Min.
	Max.





	consumption–health
	2002
	0.944
	0.334
	0.171
	3.248



	
	2004
	1.016
	0.352
	0.202
	3.140



	
	2006
	1.056
	0.360
	0.224
	3.842



	
	2008
	1.088
	0.373
	0.209
	3.737



	
	2010
	1.263
	0.445
	0.105
	4.933



	
	2012
	1.300
	0.422
	0.187
	4.790



	consumption–housing
	2002
	0.904
	1.199
	0.070
	13.722



	
	2004
	1.205
	1.351
	0.097
	11.851



	
	2006
	1.311
	1.423
	0.113
	19.308



	
	2008
	1.423
	1.528
	0.093
	16.272



	
	2010
	1.941
	1.914
	0.047
	21.840



	
	2012
	1.821
	1.829
	0.131
	22.106



	consumption–education
	2002
	0.944
	0.488
	0.146
	4.459



	
	2004
	1.028
	0.513
	0.135
	4.354



	
	2006
	1.081
	0.534
	0.151
	4.613



	
	2008
	1.127
	0.562
	0.167
	5.169



	
	2010
	1.323
	0.698
	0.100
	6.717



	
	2012
	1.358
	0.675
	0.197
	7.045



	health–housing
	2002
	0.784
	0.626
	0.079
	5.325



	
	2004
	1.001
	0.710
	0.092
	5.143



	
	2006
	1.052
	0.739
	0.122
	5.858



	
	2008
	1.111
	0.775
	0.123
	5.188



	
	2010
	1.344
	0.783
	0.174
	5.299



	
	2012
	1.238
	0.780
	0.117
	5.640



	health–education
	2002
	0.968
	0.258
	0.198
	1.521



	
	2004
	0.975
	0.252
	0.218
	1.521



	
	2006
	0.982
	0.260
	0.187
	1.521



	
	2008
	0.990
	0.261
	0.195
	1.521



	
	2010
	1.002
	0.265
	0.161
	1.521



	
	2012
	1.007
	0.264
	0.117
	1.521



	housing–education
	2002
	0.813
	0.794
	0.099
	7.672



	
	2004
	1.037
	0.894
	0.112
	7.130



	
	2006
	1.113
	0.945
	0.112
	8.122



	
	2008
	1.190
	1.007
	0.117
	7.194



	
	2010
	1.443
	1.080
	0.110
	7.486



	
	2012
	1.335
	1.074
	0.125
	7.940







Notes: Values of well-being indicators are calculated using normalized indicators of the four dimensions. Source: Own calculations based on VHLSS 2002–2012.













[image: Table] 





Table A4. Descriptive statistics of well-being indicators - three dimensions,   β = 0  .
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	WB Indicator
	Year
	Mean
	S.D.
	Min.
	Max.





	consumption–health–housing
	2002
	0.836
	0.640
	0.135
	5.796



	
	2004
	1.027
	0.701
	0.206
	5.231



	
	2006
	1.090
	0.725
	0.200
	7.278



	
	2008
	1.153
	0.762
	0.193
	6.494



	
	2010
	1.442
	0.860
	0.121
	7.902



	
	2012
	1.384
	0.830
	0.205
	7.966



	consumption–health–education
	2002
	0.936
	0.318
	0.234
	2.740



	
	2004
	0.990
	0.329
	0.265
	2.696



	
	2006
	1.023
	0.340
	0.248
	2.802



	
	2008
	1.051
	0.351
	0.276
	3.023



	
	2010
	1.170
	0.406
	0.202
	3.600



	
	2012
	1.195
	0.396
	0.206
	3.716



	consumption–housing–education
	2002
	0.850
	0.748
	0.126
	7.496



	
	2004
	1.047
	0.822
	0.132
	6.235



	
	2006
	1.124
	0.860
	0.147
	8.223



	
	2008
	1.199
	0.915
	0.134
	7.559



	
	2010
	1.508
	1.077
	0.117
	9.825



	
	2012
	1.447
	1.044
	0.167
	10.301



	health–housing–education
	2002
	0.809
	0.479
	0.152
	3.934



	
	2004
	0.958
	0.521
	0.219
	3.746



	
	2006
	1.003
	0.547
	0.162
	4.086



	
	2008
	1.048
	0.574
	0.192
	3.769



	
	2010
	1.208
	0.589
	0.232
	3.870



	
	2012
	1.145
	0.586
	0.150
	4.025







Notes: Values of well-being indicators are calculated using normalized indicators of the four dimensions. Source: Own calculations based on VHLSS 2002–2012.
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Table A5. Pearson correlation coefficients between dimensions of well-being, excluding those with perfect health condition.
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	2002
	2004
	2006
	2008
	2010
	2012





	Consumption–Housing
	0.732
	0.721
	0.669
	0.642
	0.585
	0.511



	Consumption–Education
	0.271
	0.292
	0.267
	0.326
	0.377
	0.356



	Education–Housing
	0.214
	0.224
	0.257
	0.326
	0.359
	0.315



	Education–Health
	−0.002
	−0.021
	−0.012
	−0.033
	0.005
	−0.000 §



	Consumption–Health
	0.078
	0.017
	0.034
	0.043
	0.035
	0.021



	Health–Housing
	0.069
	−0.003
	0.011
	0.021
	0.027
	0.009



	Share in population
	22.54%
	37.04%
	35.12%
	32.69%
	35.99%
	33.95%







Notes: The calculation is based on normalized values. (The calculation based on original values gives similar outcomes.) All correlation coefficients are significant at the 1% level, except for education–health. The symbol § indicates the coefficient is not significant at the 10% level. Source: Own calculations based on VHLSS 2002–2012.
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Table A6. Confidence intervals of four-dimensional inequality,   ϵ = 2   and   β = 0  .
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Year

	
Inequality

	
Confidence Interval




	
Lower Bound

	
Upper Bound






	
2002

	
0.3467

	
0.3429

	
0.3506




	
2004

	
0.3258

	
0.3219

	
0.3302




	
2006

	
0.3316

	
0.3277

	
0.3356




	
2008

	
0.3317

	
0.3277

	
0.3358




	
2010

	
0.2931

	
0.2886

	
0.2975




	
2012

	
0.2961

	
0.2916

	
0.3004








Notes: The 95% confidence intervals are computed based on 1000 bootstrap replications. Source: Own calculations based on VHLSS 2002–2012.
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Figure A1. Evolution of educational inequality. Notes: The values reported on the vertical axis are those of the Atkinson index, based either on schooling years (left-hand panel) or on groups of educational attainment (right-hand panel). Source: Own calculations based on VHLSS. 2002–2012. 
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Figure 1. Evolution of inequality in single dimensions: (left) the estimated values of the Atkinson index for each year; and (right) the estimated values of the Atkinson index for each year relative to the value for 2002. Notes: The values on the vertical axis of the right panel are percentages. All calculations are based on   ϵ = 2  . Source: Own calculations based on VHLSS 2002–2012. 






Figure 1. Evolution of inequality in single dimensions: (left) the estimated values of the Atkinson index for each year; and (right) the estimated values of the Atkinson index for each year relative to the value for 2002. Notes: The values on the vertical axis of the right panel are percentages. All calculations are based on   ϵ = 2  . Source: Own calculations based on VHLSS 2002–2012.



[image: Economies 08 00029 g001]







[image: Economies 08 00029 g002 550] 





Figure 2. Evolution of two-dimensional inequality: (left) the estimated values of the Atkinson index for each year; and (right) the estimated values of the Atkinson index for each year relative to the value for 2002. Notes: The values on the vertical axes of the right panel are percentages. All calculations are based on   ϵ = 2   and   β = 0  . Source: Own calculations based on VHLSS 2002–2012. 
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Figure 3. Evolution of three-and-four-dimensional inequality: (left) the estimated values of the Atkinson index for each year; and (right) the estimated values of the Atkinson index for each year relative to the value for 2002. Notes: The values on the vertical axes of the right panel are percentages. All calculations are based on   ϵ = 2   and   β = 0  . Source: Own calculations based on VHLSS 2002–2012. 
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Figure 4. Difference in inequality, 2012 vs. 2002. Notes: A blue dot means that the level of inequality has decreased between 2002 and 2012, and a red dot that it has increased. The size of the dot represents the relative magnitude of the change. The values of  β  are on the horizontal axis, and the values of  ϵ  are on the vertical axis. Source: Own calculations based on VHLSS 2002–2012. 
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Figure 5. Inequality indices altering with epsilon. Source: Own calculations based on VHLSS 2002–2012. 
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Figure 6. Inequality indices altering with beta. Source: Own calculations based on VHLSS 2002–2012. 
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Figure 7. Atkinson index, two ways of estimations. Source: Own calculations based on VHLSS 2002–2012. 
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Table 1. Characteristics of the data sample.






Table 1. Characteristics of the data sample.





	Year
	Observations
	Represented Individuals
	Share in the

Whole Population
	Urban
	Rural
	Male
	Female





	2002
	56,591
	33,434,122
	43.65
	26.17
	73.83
	46.72
	53.28



	2004
	18,227
	37,283,624
	46.06
	28.52
	71.48
	46.51
	53.49



	2006
	18,455
	39,758,789
	48.20
	29.17
	70.83
	46.26
	53.74



	2008
	18,646
	42,838,627
	49.63
	29.23
	70.77
	46.13
	53.87



	2010
	17,895
	42,661,655
	49.47
	31.79
	68.21
	46.73
	53.27



	2012
	18,535
	45,946,639
	51.48
	26.17
	73.83
	46.72
	53.28







Notes: Column 2 shows the numbers of individuals who are at least 30 years old when surveyed by VHLSS and included in the data used in this study. Column 3 displays the numbers of people these individuals represent when taking the survey weights into account. Column 4 shows the percentage of these individuals to the whole population represented by VHLSS. Columns 5–8 provide the data components based on demographic characteristics in percentage terms. Source: Own calculations based on VHLSS 2002–2012.
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Table 2. Descriptive statistics of well-being dimensions.
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	Year
	
	Mean
	S.D.
	Min.
	Max.





	Consumption
	2002
	
	19,598
	15,672
	942
	199,892



	
	2004
	
	22,723
	17,333
	1,443
	186,811



	
	2006
	
	24,496
	18,458
	1,805
	279,664



	
	2008
	
	26,061
	20,098
	1,729
	264,570



	
	2010
	
	35,145
	30,094
	263
	461,285



	
	2012
	
	36,488
	27,519
	1,777
	434,820



	Health
	2002
	
	0.967
	0.102
	0.062
	1



	
	2004
	
	0.961
	0.102
	0.070
	1



	
	2006
	
	0.959
	0.110
	0.075
	1



	
	2008
	
	0.956
	0.115
	0.073
	1



	
	2010
	
	0.962
	0.100
	0.075
	1



	
	2012
	
	0.968
	0.093
	0.053
	1



	Housing
	2002
	
	298,627
	622,147
	10,676
	8,195,768



	
	2004
	
	451,487
	743,457
	15,146
	7,635,923



	
	2006
	
	495,055
	799,274
	15,162
	9,906,921



	
	2008
	
	548,074
	852,935
	16,559
	7,772,239



	
	2010
	
	720,370
	948,256
	14,554
	8,107,936



	
	2012
	
	635,816
	954,172
	18,803
	9,185,111



	Education
	2002
	
	4.023
	1.856
	1
	9



	
	2004
	
	4.085
	1.797
	1
	9



	
	2006
	
	4.171
	1.869
	1
	9



	
	2008
	
	4.245
	1.892
	1
	9



	
	2010
	
	4.325
	1.962
	1
	9



	
	2012
	
	4.348
	1.963
	1
	9







Notes: Consumption and housing are expressed in thousands of constant 2012 VND, health in terms of the units of the health indicator, and education in terms of educational groups. Source: Own calculations based on VHLSS 2002–2012.
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Table 3. Evolution of well-being (four dimensions,   β = 0  ).
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	Year
	Mean
	S.D.
	Min.
	Max.





	2002
	0.840
	0.516
	0.193
	4.569



	2004
	0.987
	0.555
	0.221
	3.979



	2006
	1.042
	0.578
	0.211
	4.897



	2008
	1.093
	0.606
	0.222
	4.597



	2010
	1.307
	0.674
	0.191
	5.596



	2012
	1.269
	0.657
	0.215
	5.799







Notes: The values of the well-being indicators are calculated using the normalized indicators of the four dimensions. Source: Own calculations based on VHLSS 2002–2012.
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Table 4. Pearson correlation coefficients between dimensions of well-being, whole Vietnam.
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	2002
	2004
	2006
	2008
	2010
	2012





	Consumption–Housing
	0.753
	0.693
	0.663
	0.656
	0.636
	0.602



	Consumption–Education
	0.351
	0.363
	0.362
	0.381
	0.415
	0.422



	Housing–Education
	0.303
	0.304
	0.333
	0.367
	0.423
	0.408



	Health–Education
	0.060
	0.088
	0.092
	0.089
	0.073
	0.072



	Consumption–Health
	0.038
	0.030
	0.043
	0.062
	0.051
	0.043



	Health–Housing
	0.032
	0.008
	0.029
	0.057
	0.052
	0.033



	Population
	33,434,122
	37,283,624
	39,758,789
	42,838,627
	42,661,655
	45,946,639







Notes: All coefficients are significant at the 1% level. The calculation is based on the normalized values. The original values give similar outcomes. Source: Own calculations based on VHLSS 2002–2012.
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