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Abstract. The research aims to classify the level of sustainability of 63 provinc-
es in Vietnam upon 24 indicators reflecting three main dimensions of sustainable
development by using multivariate classification method for the year 2014-2016.
First of all, the principal component analysis (PCA) was applied to group quanti-
tative variables that reflect important aspects of each component of sustainable de-
velopment of localities in Vietnam into a number of limited dimensions (factors).
The results of PCA illustrate 8 principal components in which 3 main components
of economic and social pillar, and 2 main components for environmental pillar.
After that, the second method was applied by using the hierarchical methods of
cluster analysis for the set of 8 principal components conducted by PCA. With the
candidate solution divided all of the provinces into 6 clusters, the analysis shows
that the higher level of sustainable development belongs to South East, Red River
Delta, and North Central, in which 4 provinces of South East (Ho Chi Minh City,
Binh Duong, Dong Nai, and Ba Ria - Vung Tau) form a group with the highest
level of sustainability. The regions such as South Central Coastal, Highland area,
and Mekong River Delta have the medium level; the North midland and moun-
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1. Introduction

One of the most striking characteristics of sustain-
able development is that it means so many different
things to so many different people and organiza-
tions. Sustainable development involves not just one
but three main complex interacting systems (eco-
nomic, social and environmental subsystem). In
each subsystem, it also contains many things and
a great deal of relationships. Sustainable economy
means diversity, efficiency, creativity and its bal-
anced relations with society and environment. Sus-
tainable society is revealed by justice, diversity,
security and its balanced relations with economy
and environment. Finally, sustainable environment
means closeness of ecosystem, biodiversity, troph-
ic structure, resource renewal and its balanced re-
lations with economy and society (Cohen et al,
1998). Adam Szirmai (2015), Professor of Develop-
ment Economics at Maastricht University consid-
ers, that “sustainable development’ is rather fuzzy
concept which is sometimes broadened to include
a variety of desirable goals such as equitable devel-
opment, social inclusion or poverty reduction. In
addition to these three major aspects, many people
also mention other aspects of sustainable develop-
ment such as governance, culture, spirit, ethnicity,
law ... and require calculation and balance them in
planning strategies and policies for socio-econom-
ic development for each specific country and local-
ity. Other proposed aspect of spatial sustainability
which provides for a balance at different territorial
levels and results into local sustainable communi-
ties. This emprical research only take into account
the three main components of sustainability (eco-
nomic, social, environmental) which are accepted
widely.

We desire a tool that includes all relevant dimen-
sions of sustainability in the evaluation process to
assess their progress, level toward sustainable de-
velopment and understand the interlinkages within
each component and between components of sus-
tainability (Kaivo-Oja et al., 2014; Fredericks, 2014).

Indicators, as variables, are indispensable tool to
make the concept of sustainable development op-
erational. They help us to construct a comprehen-
sive picture of state of a complex system, to translate
the concepts and objectives of sustainable devel-
opment into practical terms (Hardi et al., 1997;
Bossel, 1999; Li-Yin Shen, 2011). Based on 24 indi-
cators which cover a wide range of three main di-
mensions of sustainable development, the research
aims to classify the level of sustainability of 63 prov-
inces in Vietnam by using multivariate classifica-
tion method. The multivariate classification aims to
bring diverse features into certain groups, with sim-
ilar characteristics, expressed in certain sets of cri-
teria. First of all, the principal component analysis
(PCA) was utilized to group quantitative variables
that reflect important aspects of each component
of sustainable development of localities in Vietnam
into a number of limited dimensions (factors, prin-
cipal components). After that, the second method
was applied by using the hierarchical methods of
cluster analysis for the set of principal components
conducted by PCA. The analysis use the complete
raw existing data set provided for 24 indicators for
the years 2014 - 2016 of 63 administrative units of
Vietnam.

2. Indicators and data source

Primary and secondary data from government agen-
cies and academic institutes have been collected.
Primary data are comprised of information gath-
ered directly by technological monitoring, includ-
ing satellite-derived estimates of air quality. Data
for annual mean concentration of Particulate Matter
2.5 (ug/m3) by province was synthesized from the
satellite data of air quality for Environmental Per-
formance Index of Yale University of United States
and retrieved from remote sensing data provided
by the Department of Physics and Atmospheric Sci-
ence, Dalhousie University in Canada. Secondary
data include official statistical data formally report-
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ed by General Statistics Office (GSO) of Vietnamese

government. The set of 24 sustainable development

indicators has been constructed. It covers a wide
range of issues with 8 indicators for each compo-
nent of sustainability, as following:

o Economic component (8 indicators): GDP per
capita (PPP current USD), GDP density (million
USD PPP per km?), Proportion of employment
in agriculture (%), Incremental capital-output ra-
tio (ICOR), Unemployment rate (% labor force),
Percentage of trained employed workers (%),
Competitiveness Index, and Budget surplus as
percentage of GDP (%).

o Social component (8 indicators): Adult litera-
cy rate (%), Proportion of household own per-
manent house (%), Poverty rate (%), Gini index,
Female labor force participation rate (% male),
Prevalence of underweight children, weight for
age (% of children under 5), Average life expec-
tancy at birth (year), and Proportion of death
due to traffic accident (per 100.000 people).

o Environmental component (8 indicators): For-
est cover (% total land area), Agricultural land
per person (ha), Proportion of household with
access to improved sanitation (%), Percentage
of household access potable water (%), Propor-
tion of rural households using solid fuels for
cooking (%), Annual median concentration of
Particulate Matter 2.5 (ug/m3), Total of col-
lected solid waste per capita (kg/person/day),
and Proportion of collected solid waste per day
that are treated according to national standards
(%) (Truong, 2019).

3. Results and discussion

3.1. Principal component analysis (PCA) for
sustainable development

By using principal component analysis (PCA), this
part of paper aims to group quantitative variables
that reflect important aspects of each component
of sustainable development of localities in Vietnam
into a number of limited dimensions (factors, prin-
cipal components). In each dimension, variables are
more closely correlated with other variables in the

same dimension, rather than with variables of oth-
er dimensions. It is then possible to interpret each
dimension according to the meaning of the load-
ings of principal component assigned to variables.
The loadings (correlation coefficients) mean how
many percent of the variance of the i-th variable
is explained by the j-th principal component. The
reduction of the number of variables allows to bet-
ter identify the characteristics of the research ob-
ject (in this study is the sustainable development
of provinces and cities). Principal components de-
scribe the significant predictors of sustainability in
each subsystem and factor scores were used to as-
sess the level of sustainability taking into consider-
ation the positive or negative effect of these factors.
One of the rules used in the analysis assumes that
cumulatively retained principal components should
explain at least 60-70% of total variance.

The first step for PCA of each component is test-
ing the correlation matrix. The research used KMO
and Bartlett’s Test to test the assumption that varia-
bles are not correlated with each other in the whole
(the null hypothesis - HO). The results from the ta-
bles below show that KMO and the Chi-Square
test quantity from the determinant of the corre-
lation matrix have a large value, with higher val-
ue for economic and social component (0.788 and
0.713 respectively) and lower value for environmen-
tal subsystem (0.649). The initial assumption, the
null hypothesis, is rejected, the factor analysis meth-
od for each component of sustainability is appropri-
ate. The next step is calculating score of each factor
and determining the number of factors. The rota-
tion method (Varimax with Kaiser Normalization)
was applied only for economic subsystem to mini-
mize the number of variables which have high co-
efficient in one factor, avoid one variable with high
coeficient in other factor, so it can help to improve
ability to explain the meaning of factors. The num-
ber of factor was determined based on Initial Ei-
genvalues >1.

Economic component

The results for factor analysis of economic compo-
nent are illustrated in the table 1. These tables show
that there are 3 main factors that explain 77.705%
of the total variation of economic component. Be-
fore doing procedures for rotation, factor 1 explains
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49.465%, while factor 2 explains 15.189% and factor
3 explains 13.051%. However, from the factors ma-
trix table, we can see that the factor loading of some
indicators such as GDP density, budget surplus as
percentage of GDP, Competitiveness Index, percent-
age of trained employed workers, and Incremental
capital-output ratio is quite high in the two other
factors. Therefore, the procedure to rotate the fac-
tors has been carried out. Rotated Component Ma-
trix was shown in the table 3. After rotation, factor
1 explains 28.595%, while factor 2 explains 26.508%
and factor 3 explains 22.601% of the total variation.
Table 1 illustrates that factor 1 represents for
Prosperity of economy with the main weights
belong to GDP density, GDP per capita, percent-
age of trained employed workers, and propor-
tion of employment in agriculture. Factor 2 can
be used to show the Competitiveness of econo-
my with the main weights belong to Compet-
itiveness Index and unemployment rate. With
high values for Incremental capital-output ra-
tio and budget surplus as percentage of GDP,
factor 3 is the factor representing for Produc-
tion efficiency. The results confirm that extract-
ed components describe better the structure of
economic subsystem of sustainability and show
the intra-system relationships. The more propor-
tional share of each component in common var-
iance than in other components was affected by
the rotation procedure of original dimensions.
Factor scores of each factor for each prov-
ince were calculated and saved in the original
file in SPSS. The results then were illustrated
on maps by Maplnfo software (see figure 1).
In these maps, the legends were divided into 5
ranges by natural break method in Maplnfo, in
order to make the difference between the val-
ues of the data and the average value of the data
in a series is the smallest. This is considered a
way to reduce errors and show more realistic
data (Nguyen Viet Thinh and Do Thi Minh Duc,
2005). If one province (one case) has high fac-
tor score in a certain factor, the province must
have high value for variables with positive num-
ber and low value for variables with negative

number. By contrast, if one province has low
factor score in a factor, the province must have
low value for variables with positive number
and high value for variables with negative num-
ber. For example, in factor 1, Hanoi, Bac Ninh,
Hai Phong, Da Nang, Ho Chi Minh City, Binh
Duong, and Ba Ria — Vung Tau have high factor
score due to they have high value for positive
variables such as GDP density, GDP per capi-
ta, and percentage of trained employed workers.
On the other hand, most of provinces of Me-
kong River Delta, and Central Highlands have
low score for factor 1 because of high propor-
tion of employment in agriculture, meanwhile,
low values of GDP density, GDP per capita, and
percentage of trained employed workers.

Regarding to factor 2, most of provinces in
the delta and coastal regions have higher factor
score for factor 2 than one in the mountain re-
gions (Northern midlands and mountain areas,
and Central Highlands), because these provinc-
es have higher values for Competitiveness In-
dex, unemployment rate, and lower value for
proportion of employment in agriculture. With
respect to factor 3, the provinces in South East,
Mekong River Delta region have higher score
than others due to the fact that they have high-
er values for budget surplus as percentage of
GDP, meanwhile, lower score for Incremental
capital-output ratio.

Social component

The same procedures of factor analysis were applied
for social component. The results are illustrated in
table 4.8. These tables show that there are 3 main
factors that explain 83.084% of the total variation
of social component. Due to the fact that no indi-
cators have high correlation coefficient with other
components, procedures for rotation is not neces-
sary, factor 1 explains 46.568%, while factor 2 ex-
plains 23.730% and factor 3 explains 12.786%.
Factor 1 represents for Quality of life with the
main weights belong to poverty rate, average life
expectancy at birth, prevalence of underweight
children, and adult literacy rate. Factor 2 can be
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Table 1. Results of PCA for economic component of sustainability in Vietnam

a) Proportion of the total variance explained by three main factors

Extraction sums of squared loadings

Rotation sums of squared loadings

Component % of
Eigenvalues y Cumulative % Eigenvalues % of variance Cumulative %
variance
1 3.957 49.465 49.465 2.288 28.595 28.595
2 1.215 15.189 64.654 2.121 26.508 55.104
3 1.044 13.051 77.705 1.808 22.601 77.705
b) Rotated component matrix
Component
1 2 3
GDP density 0.889 0.057 0.192
GDP per capita 0.727 0.129 0.362
Percentage of trained employed workers 0.700 0.480 -0.171
Competitiveness Index 0.134 0.837 0.160
Unemployment rate 0.130 0.836 0.213
Proportion of employment in agriculture -0.604 -0.625 -0.271
Incremental capital-output ratio -0.083 -0.146 -0.910
Budget surplus as percentage of GDP 0.266 0.243 0.799

Source: Author’s calculation
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a) Factor score of factor 1 of economic subsystem (prosperity) by province

b) Factor score of factor 2 of economic subsystem (competitiveness) by province

¢) Factor score of factor 3 of economic subsystem (efficiency) by province

Fig.1. Three main factors of economic component of sustainability

Source: Author’s elaboration

used to show the Equality with the main weights
belong to Gini index, proportion of household own
permanent house, and female labor force partici-
pation rate. With only one indicator for propor-
tion of death due to traffic accident, factor 3 is the

factor representing for Insecurity of traffic (see ta-
ble 2). The results confirm that the extracted com-
ponents adequately describe the structure of social
subsystem of sustainability. Quality of life and social
equality are common indicators of social component
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of sustainability. Last principal component has a very
high loading in one original variable and it is diffi-
cult to accept that it can be treated as universal in-
dicator of security in the society.

Examining the factor scores shows us that Hanoi
and other provinces of Red River Delta, Da Nang,
and provinces of South East region have high fac-
tor score for factor 1 of quality of life due to they
have high value for positive variables (average life
expectancy at birth, and adult literacy rate) and low
value for negative variables such as poverty rate and
prevalence of underweight children. Meanwhile,
due to low factor score for positive and high factor

score for negative variables, most of provinces of
Northern midlands and mountain areas, and Cen-
tral Highlands have low score for quality of life. Re-
garding to factor 2, with high value of proportion
of household own permanent house, female labor
force participation rate and low value of Gini index,
most of provinces of Red River Delta and North
Central area have higher score for factor 2 than oth-
ers. Factor scores of factor 3 illustrate that the pro-
portion of death due to traffic accident is higher in
the regions in the South of Vietnam, such as Cen-
tral Highlands, North Central area, Central Coast-
al area, South East (see figure 2).

Table 2. Results of PCA for social component of sustainability in Vietnam

a) Proportion of the total variance explained by three main factors

Initial eigenvalues

Extraction sums of squared loadings

Component
Eigenvalues % of variance Cumulative % Eigenvalues % of variance cumulative %
3.725 46.568 46.568 3.725 46.568 46.568
2 1.898 23.730 70.298 1.898 23.730 70.298
3 1.023 12.786 83.084 1.023 12.786 83.084
b) Component matrix
Component
1 2 3
Poverty rate -0.949 0.057 -0.038
Average life expectancy at birth 0.931 -0.137 -0.134
Prevalence of underweight children, weight for age -0.864 0.137 0.131
Adult literacy rate 0.846 0.287 0.069
Gini index -0.539 -0.407 -0.333
Proportion of household own permanent house 0.192 0.924 -0.011
Female labor force participation rate -0.411 0.821 0.102
Proportion of death due to traffic accident 0.009 -0.284 0.927

Source: Author’s calculation

Environmental component

The same procedures of factor analysis will
be applied for environmental component. The
results are illustrated in table 4.9. These ta-
bles show that there are 2 main factors that
explain 64.086% of the total variation of en-
vironmental component. As social component,
procedure for rotation is not necessary with
environmental component because no indica-
tors have high value with other components.

Factor 1 explains 44.823%, while factor 2 ex-
plains 19.263%. Based on the results from the
table 3, we suggest that factor 1 represents for
Urban-rural living environment with the main
weights belong to proportion of rural house-
holds using solid fuels for cooking, proportion
of household with access to improved sanita-
tion, percentage of household access potable
water, total of collected solid waste per cap-
ita, agricultural land per person, forest cover.
Factor 2 can be used to represent for Pollu-
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a) Factor score of factor 1 of social subsystem (Quality of life) by province b) Factor score of factor 2 of social subsystem (Equality) by province ¢) Factor score of factor 2 of social subsystem (Insecurity of traffic) by province

Fig. 2. Three main factors of social component of sustainability

Source: Author’s elaboration

tion with the main weights belong to Annu-
al median concentration of Particulate Matter
2.5, and proportion of collected solid waste
per day that are treated according to nation-

al standards.

With respect to factor 1 of urban-rural living en-
vironment, most of provinces of Red River Delta,
South East, and Central Coastal area with higher
score than other regions due to they have higher

values for two positive variables which represent for
urban living environment: percentage of household

Table 3. Results of PCA for environmental component of sustainability in Vietnam
a) Proportion of the total variance explained by three main factors

Initial eigenvalues Extraction sums of squared loadings
Component . 0 . Cumula- Eigenval- % of vari-  Cumula-
Eigenvalues % of variance . .
tive % ues ance tive %
3.586 44.823 44.823 3.586 44.823 44.823
2 1.541 19.263 64.086 1.541 19.263 64.086
b) Component matrix
1 Component
2
Proportion of rural households using solid fuels for cooking -0.903 0.175
Proportion of household with access to improved sanitation 0.879 -0.176
Percentage of household access potable water 0.814 -0.349
Total of collected solid waste per capita 0.632 0.367
Agricultural land per person -0.615 -0.424
Forest cover -0.558 0.354
Annual median concentration of Particulate Matter 2.5 0.035 0.781
Proportion of collected solid waste per day that are treated according to na- 0.494 0.555

tional standards

Source: Author’s elaboration
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access potable water, and proportion of household
with access to improved sanitation. Meanwhile,
these provinces have lower values for negative var-
iables which represent for rural living environment
such as proportion of rural households using sol-
id fuels for cooking, and forest cover. By contrast,
provinces of Central Highlands, Northern midlands
and mountain areas, and North Central area have
higher score for variables of rural living environ-
ment and lower values for variables of urban living
environment (see figure 3a).

Regarding to factor 2 of pollution, the results
show that provinces which distribute from Da Nang
to the north of Vietnam have higher level of pollu-
tion than others in the south due to they have higher
score for positive variables such as proportion of col-
lected solid waste per day that are treated according
to national standards, annual median concentration
of Particulate Matter 2.5, and total of collected sol-
id waste per capita. One of the main reasons is that

most of coal-fired thermal power plants, cement fac-
tories, mining industries... are concentrated in the
north part of Vietnam. The map also shows that the
provinces of Red River Delta and South East where
concentrate the big cities of Vietnam have higher
level of pollution than others. In fact, this is a clear
indicator of environmental degradation in the coun-
try due to it concerns also rural areas (especially in
northern part of the country), and it is not associat-
ed with previous dimension of environmental sub-
system (see figure 3b).

3.2. Classification of level of sustainability by using
cluster analysis

Some kind of synthetic approach can be obtained
by using appropriate classification procedures. The
simplest way is multivariate classification, which is
referred to as cluster analysis (Everitt et al., 1993;
Hill et al., 1998; Mierzejewska, 2009). Cluster analy-
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sis or clustering is a methodology to identify groups
of a set of objects in such a way that objects in the
same group (called a cluster) are more similar (in
some sense) to each other than to those in other
groups (clusters). Cluster analysis maximizes the
similarity of cases within each cluster while maxi-
mizing the dissimilarity between groups that are in-
itially unknown (Roy, Kar and Das, 2015). In cluster
analysis, a large number of methods are available for
classifying objects on the basis of their (dis)similar-
ities. Major types of cluster analysis are hierarchical
methods (agglomerative or divisive), non-hierarchi-
cal method (K-Means clustering). Within each type
of methods a variety of specific methods and al-
gorithms exist. Perhaps the most common form of
analysis in geography is the agglomerative hierar-
chical cluster analysis (Smelser and Baltes, 2001).
It starts with each case as a separate cluster (i.e.,
there are as many clusters as cases), and then com-
bines the clusters sequentially, reducing the num-
ber of clusters at each step until only one cluster is
left. Groups are constructed by minimizing the var-
iance of squared Euclidean distances for each varia-
ble between cases (provinces). The number of stages
in the process is one less than the number of cases.
A hierarchical tree diagram or dendrogram can be
generated to show the linkage points: the clusters
are linked at increasing levels of dissimilarity (Roy,
Kar and Das, 2015).

The research used hierarchical methods accord-
ing to the squared Euclidean distance and Ward
method for selection of sequential clusters. Each
province was characterized by eight standardized
variable scores (z-scores) extracted as factor-scores
of principal components in PCA procedure for each
set of original variables which characterized each
subsystem of sustainable development: three fac-
tors for economic component, three factors for so-
cial component ad two factors for environmental
one (see section 3.1). The results of cluster analysis
are shown in tree diagram (dendrogram) (Figure 4).

The basic problem to be solved in the classi-
fying procedure is to choose the best number of
classes (clusters). So far, there are no clear and cer-
tain rules for determining the number of clusters.
In other words, the number of necessary and logi-
cal clusters is not a completely technical issue, but
it depends on many other factors (Trong Hoang
and Mong Ngoc Chu Nguyen, 2008). Most often,

two different approaches are used. In the first one,
certain number of classes is assumed taking into
account the separation of the number of classes.
In the second approach, the relatively best num-
ber of classes is sought with the use of appropriate
statistical methods. In the study the ‘optimal’ clus-
ter solution was prepared according to the sugges-
tion in paper by Everitt et al (1993) and Hill et al.
(1998). The base for identification of ‘correct’ num-
ber of clusters is agglomeration schedule for clus-
ter analysis. The agglomeration coefficient is the
sum of the within group variance of the two clus-
ters combined at each successive stage. The marked
increase in the value of the agglomeration coefhi-
cient between two stages indicates that heteroge-
nous clusters are being combined. Greater increase
in total variance means higher heterogeneity of
cluster at next stage.

Table 4 contains the partial agglomeration
schedule for the cluster analysis, include 5 col-
umns: number of stage agglomeration, clusters in
solution, agglomeration coefficient, the first quo-
tient (the percentage change in the value of the ag-
glomeration coefficient from the previous stage),
the second quotient (the percentage change, of
the percent change, found in column four). The
quotient means the rate change in agglomeration
coefficient from one stage to the next. The larg-
est increase in the quotient in column fourth and
fifth indicates that next set of clusters is character-
ized by higher level of heterogeneity than previous
one, which should be accept as correct solution of
clusters’ number.

There are three candidate solutions were detect-
ed, at 3 clusters, 6 clusters and 10 clusters, based on
the first and second quotients of the agglomeration
schedule with the largest quotients by the following
moves: 3 clusters to 2, 6 clusters to 5, and 10 clus-
ters to 9. Hence the 6 clusters have been selected as
medium solution to present results to distinguish
the groups of provinces. The statistical characteris-
tics of each cluster are illustrated by tables. The map
of figure 5 illustrates the results of classification of
Vietnamese provinces according to the level of sus-
tainable development.

The analysis of the structure of the dendrogram
and the 6-element system and the average values of
factor scores for these six clusters (table 5 and 6)
showed that the dendrogram can be divided into
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Table 4. Partial agglomeration schedule for cluster analysis of 8 principal components

Stage Clusters solution Agcg(: :g:ir:;iton First quotient Second quotient
51 12 102.46 9.73 -2.70
52 11 112.23 9.54 -1.92
53 10 122.43 9.08 -4.78
54 9 136.84 11.77 29.60
55 8 153.93 12.49 6.09
56 7 173.62 12.80 2.47
57 6 194.56 12.06 -5.76
58 5 223.14 14.69 21.84
59 4 260.87 16.91 15.07
60 3 306.23 17.39 2.85
61 2 396.14 29.36 68.86
62 1 496.00 25.21 -14.15

Source: Author’s calculation

two basic groups of provinces differing in the de-
gree of advancement of sustainability. On the one
hand, these are clusters of more urbanized areas in
the North and South of the country (class I and II),
with higher values of dimensions describing sustain-
ability in southern part of the country (class I), and
medium sustainability according to national aver-
age (class III and class IV). On the other hand, the
second branch of dendrogram includes clusters of
provinces with the lowest advancement of sustain-
ability (class V and class VI). It was assumed that
values of these average factor-scores between -0.5
and +0.5 describe average national characteristics,
while higher than +1.0 mean the highest sustain-
ability, and by analogy lower than -1.0 the lowest
sustainability. Of course the interpretation should
take into account the stimulants and destimulants
of sustainability.

Class I contains 4 provinces of South East (Ho
Chi Minh City, Binh Duong, Dong Nai, Ba Ria
- Vung Tau). They are the most urbanized are-
as, ranked at the top of national arrangement with
highest level for prosperity of economy, production
efficiency, and quality of life. However, unlike the
class II, this class has a high level of social inequal-
ity, and average insecurity of traffic

Class II embraces 19 provinces in which all of
11 provinces of the Red River Delta belong to this
group, 1 province of Central region (Da Nang), 4
provinces of the North Central (Thanh Hoa, Nghe

An, Ha Tinh, and Quang Binh), and 3 provinces
of North midland and mountain areas which have
proximity with Red River Delta (Phu Tho, Thai
Nguyen, and Bac Giang). The characteristics of this
cluster are represented by the average level for pros-
perity and competitiveness of economy, quality of
life, but the highest social equality in the country.
However, it has higher scope of urban environment
and higher level of pollution as well.

Class III includes 19 provinces in which most
of them come from Central Coastal area and
Central Highlands. It also combines some prov-
inces of Mekong River Delta and North Central
area. The main characteristic of this class is that
it still has average level of dimensions, but it has
the highest insecurity of traffic in the country and
relatively lower pollution.

Class IV combines 10 provinces. It contains al-
most administrative units (9 provinces) of the Me-
kong River Delta and one province of South East
(Tay Ninh). This cluster has the same characteris-
tics with cluster III. However, unlike cluster III, it
has also the lowest social equality and low insecu-
rity of traffic.

Class V includes 9 provinces and all of them
come from North midland and mountain areas
(Hoa Binh, Son La, Lai Chau, Lao Cai, Ha Giang,
Bac Kan, Yen Bai, Tuyen Quang, and Lang Son).
All of factor scores of 8 principal components for
this cluster are very low, except prosperity and effi-
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ciency of economy, social equality and traffic insur-
ance, which are average, but pollution is the highest
in the country.

Class VI has lowest factor scores for all of 8 prin-
cipal components. It includes only two provinc-

es (Dien Bien and Cao Bang) belong to the North
midland and mountain areas. The level of sustaina-
bility is the lowest in the country due to the lowest
efficiency of economy and quality of life, and lower
competitiveness of economy and higher pollution.

Table 5. The classification of Vietnamese provinces by principal components of sustainability

Classes of provinces PCI® PC2 PC3 PC4 PC5 PC6 PC7 PC8
Class I 2357 -0.10 1.22 1.16  -1.15  0.57 1.72 0.38
Class 11 0.41 0.40 -0.18 0.49 1.13  -0.32 0.62 0.67
Class 11T -0.41 0.08 0.06 -0.04 -0.28 1.01 -0.13  -0.85
Class IV -0.67 0.29 0.40 039 -131 -1.05 0.02 -0.97
Class V -036 -1.13  0.10 -143 016 -0.29 -1.39 1.14
Class VI 0.28 -0.72 -381 -2.09 -0.02 -1.10 -1.92 0.75

"PC1: Prosperity of economy; PC2: Competitiveness of economy; PC3: Production efficiency; PC4: Quality of life; PC5: Equality; PCé6: Insecurity
of traffic; PC7: Urban-rural living environment; PC8: Pollution. * Mean values of principal components factor-scores from Tab. 5.3

Source: Author’s calculation
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Table 6. Descriptive statistics for 6 groups of provinces according to 8 principal components

Cluster Principal component Count Mean Maximum Minimum
Prosperity of economy 4 2.35 4.76 0.34
Competitiveness of economy 4 -0.10 0.29 -0.72
Production efficiency 4 1.22 1.99 0.38
I Quality of life 4 1.16 1.42 0.99
Equality 4 -1.15 -0.70 -2.17
Insecurity of traffic 4 0.57 2.03 -0.77
Urban-rural living environment 4 1.72 2.28 1.22
Pollution 4 0.38 1.82 -0.35
Prosperity of economy 19 0.41 2.70 -0.34
Competitiveness of economy 19 0.40 3.59 -0.63
Production efficiency 19 -0.18 0.83 -2.07
I Quality of life 19 0.49 1.33 -0.30
Equality 19 1.13 1.77 0.09
Insecurity of traffic 19 -0.32 1.01 -1.64
Urban-rural living environment 19 0.62 1.97 -0.40
Pollution 19 0.67 1.62 -0.20
Prosperity of economy 19 -0.41 0.11 -0.79
Competitiveness of economy 19 0.08 1.42 -2.53
Production efficiency 19 0.06 0.79 -0.98
1 Quality of life 19 -0.04 0.94 -1.74
Equality 19 -0.28 0.81 -1.05
Insecurity of traffic 19 1.01 231 -0.18
Urban-rural living environment 19 -0.13 0.75 -1.20
Pollution 19 -0.85 0.22 -1.91
Prosperity of economy 10 -0.67 -0.05 -1.23
Competitiveness of economy 10 0.29 1.47 -0.81
Production efficiency 10 0.40 0.97 -0.67
v Quality of life 10 0.39 0.93 -0.15
Equality 10 -1.31 -0.97 -1.83
Insecurity of traffic 10 -1.05 -0.30 -2.24
Urban-rural living environment 10 0.02 0.39 -0.36
Pollution 10 -0.97 -0.47 -1.89
Prosperity of economy 9 -0.36 0.06 -0.72
Competitiveness of economy 9 -1.13 0.15 -2.34
Production efficiency 9 0.10 0.79 -1.41
v Quality of life 9 -1.43 -0.35 -3.42
Equality 9 0.16 0.81 -0.47
Insecurity of traffic 9 -0.29 0.42 -0.72
Urban-rural living environment 9 -1.39 -1.02 -1.77
Pollution 9 1.14 1.47 0.62
Prosperity of economy 2 0.28 0.50 0.06
Competitiveness of economy 2 -0.72 -0.66 -0.78
Production efficiency 2 -3.81 -3.05 -4.57
Quality of life 2 -2.09 -1.70 -2.48
Vi Equality 2 -0.02 -0.01 -0.03
Insecurity of traffic 2 -1.10 -0.83 -1.36
Urban-rural living environment 2 -1.92 -1.66 -2.19
Pollution 2 0.75 1.23 0.27

Source: Author’s calculation
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4. Conclusion

The research has utilized quantitative methods
(Principal component analysis - PCA and Cluster
analysis) to classify the level of sustainable develop-
ment of provinces in Vietnam based on a set of 24
indicators which cover main issues of three com-
ponents (economic, social, and environmental) of
sustainability in Vietnam. However, in the context
of Vietnam, selecting essential indicators becomes
an actual challenge for the research due to lacking
available data. Some aspects of sustainable develop-
ment have no essential indicators, especially for the
environmental component such as land quality, en-
vironmental conservation, preservation of biodiver-
sity, renewable energy, and so on.

The PCA procedure was utilized at first to group
quantitative variables of sustainable development of
63 provinces of Vietnam into a number of limited
factors, principal components. The results of PCA
illustrate 8 principal components in which 3 main
components of economic (prosperity, competitive-
ness, and production efficiency), 3 components of
social pillar (quality of life, equality, and insecurity
of traffic), and 2 main components for environmen-
tal pillar (urban-rural living environment, and pol-
lution). The factor scores of each factor showed the
significant spatial differentiations of sustainable de-
velopment lelvel between regions of Vietnam. The
second method was applied to classify the level of
sustainabily for 63 provinces of Vietnam by using
cluster analysis for the set of 8 principal compo-
nents conducted by PCA. The analysis show that
the higher level of sustainable development belongs
to South East, Red River Delta, and North Central,
in which 4 provinces of South East (Ho Chi Minh
City, Binh Duong, Dong Nai, and Ba Ria - Vung
Tau) form a group with the highest level of sustain-
ability. The regions such as South Central Coastal,
Highland area, and Mekong River Delta have the
medium level; the North midland and mountain ar-
eas are regions at the low level of sustainability.
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