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Abstract: In the context of global change, the rapidly increase of socio-economic development can
trigger the negative impacts on coastal resources, environment and ecosystems, causing the
deterioration of the sustainable system. Vietnam is one of the most vulnerable countries to climate
change. Of which, the South Central Coast (SCC) is a highly vulnerable area to climate extreme
events and sea level rise. This study aimed to build a theoretical framework for evaluating the level
of sustainable development in the SCC. By using Delphi method, Interpolation method and
Evaluation method, this study proposed a set of indicators, which consists of 32 indicators of the
four dimensions (Economic; Social; Environmental; Infrastructure and Governance) in order to
evaluate the sustainable development index (SDI) of the SCC provinces. Results show that the SDI
had an increasing tendency from 2010 to 2016. In general, Da Nang is the capital of the region and
the SDI was highest which increased from 0.38 in 2010 to 0.61 in 2016 through the development of
economic, infrastructure and urban governance dimensions. In contrast, during the survey, Binh
Dinh and Phu Yen’s SDI were still lower than other provinces. Results suggested that it is necessary
to enhance the policy and planning to implement the sustainable development goals together with
the economy, society, environment and infrastructure development. The sustainable development
indicators can potentially contribute to apply to monitor the sustainable development in other coastal
regions in Vietnam.
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1. Introduction

After the Brundtland report "Our Common
Future™ in 1986, the sustainable development
has become a key concept for countries in the
world to build their views, planning and
solutions to development issues. The process of
sustainable development requires a close,
reasonable and harmonious development
between economy, society, and environment and
proactive respond to climate change [1]. Climate
change is increasingly unpredictable and
severely damaging to the ecological
environment and human life. Therefore,
sustainable development is among the top
priorities of the human being, especially for
Vietnam - one of the most vulnerable countries
to climate change. Towards sustainable
development, minimizing climate change
impacts, researchers have used a variety of
approaches to sustainable development across a
range of areas. To date, several assessment
methods have been proposed and applied in
order to establish the Sustainable development
indicators (SIs) to measure the sustainable
development, including DPSIR framework [2],
Rapfish method [3], socio-ecological system
framework [4], Z-score technique [5], Delphi
method [6-8]. Recognizing the need for
sustainability assessment in Vietnam, the Prime
Minister issued a statistical indicator system
with 28 economic-social-environmental
indicators combined with more than 15 specific
indicators for specific regions including
Northern midlands and mountainous, Delta,
Coastal, Centrally-run city and Countryside in
Decision No. 2157/QD-TTg.

South Central Coast (SCC) consists of 8
provinces and municipalities, namely Da Nang,
Quang Nam, Quang Ngai, Binh Dinh, Phu Yen,
Khanh Hoa, Ninh Thuan, Binh Thuan province.
Being recognized as a connection between
the North Central Coast and the South East, the
SCC has an important strategic role in the

development of Vietham economy. However,
the area is highly impacted by natural disasters
and extreme weather events [9]. Climate change
and disasters have significantly caused the
damage on the economy and society of the
region. Therefore, the establishment of the Sls is
necessary to develop sustainable socio-
economic development strategies, proactive
response to climate change and protection of the
environment [9]. However, there are some
difficulties to assess the level of sustainable
development of the province based on the set of
indicators of Decision No. 2157, because many
indicators are difficult to collect data,
measurement, affecting the results of the overall
sustainable development indicator in each
locality. Therefore, the purpose of this study
aims to build the Sls for the coastal area of
Vietnam and apply the Sls to evaluate the
sustainable development level for the SCC.

2. Study area

The SCC is located in favorable
geographical position - near Ho Chi Minh City
and South East key economic triangle and also
the gateway to the Central Highlands (Fig.1). All
provinces in the SCC are located back of Truong
Son range and in front of East Sea. It covers an
area of 44.54 thousand square Kilometers,
accounting for 13.44% of the country. The total
population was 9.247 million people in 2016,
accounting for 10% of country's population [10].
There are two offshore archipelagos: Hoang Sa
(Da Nang province) and Truong Sa (Khanh Hoa
province). The SCC concentrates several key
economic zones along the coast of Da Nang, Nha
Trang, Quy Nhon, and Phan Thiet, which has a
strategic role in the development of Vietnam
economy. In addition, the harmonious
combination between seas and mountains, the
ancient relics, etc. create the big advantage in
tourism for the SCC.


http://en.nhandan.org.vn/politics/domestic/item/4910102-binh-duong-tasked-with-becoming-a-centrally-run-city-before-2020.html
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Fig. 1. Geographical location and administrative map of the SCC region.

Along with the potential, the region is one of
two regions in Vietnam which have the harshest
climate in comparison with other places.
Annually, the SCC undergoes many natural
disasters like hurricanes, floods and droughts
that has big effects on agricultural production. In
addition, socio-economic  development s
considerably constrained and locally sustainable
development goals are difficult to meet because
of excessive population growth, inequality
distribution and increased environmental pollution.

3. Process of implementation and methodology

3.1. Establishment of indicator set for sustainable
development assessment

The set of indicators to assess the sustainable
development of the SCC during the period 2010-
2016 is inherited from earlier studies of UNDP
[11, 12], United Kingdom [13], Hong Kong,
Malaysia [14], Wales [15] and of Vietnam
sustainable development, including Decision
No. 2157/QD-TTg [16] Decision No. 432/QD-
TTg [17]. Through the qualifiers with the Delphi
method by consultation with experts, the
proposed set of indicators for sustainable

development of SCC provinces in the period of
2010-2016, including 32 indicators of four
dimensions (economic; social; environmental;
infrastructure and urban governance).

After establishing the set of indicators and
collecting the necessary data, standardize and
calculate the indicators according to the selected
formula. Final calculations will help the SCC
provinces to track the sustainable development
over the years, compare, monitor, and adjust the
plan accordingly and make decisions to guide the
achievement of the goals of sustainable
development (Fig. 2). The contents of the Sls for
SCC during the period 2010-2016 are shown in
Table 1. A set of Sls is developed to assess the
sustainable socio-economic development, but
still ensures environmental quality, sustainable
management. Therefore, four basic dimensions
are proposed, inheriting the contents and
dimensions of sustainable development goals
(SDGs) of the United Nations as well as Vietnam.
The selected core dimensions are Economic;
Social; Environmental; Infrastructure and Urban
Governance along with the sub-dimensions and
corresponding indicators that should be ensured
three criteria: understandability, representativeness
for the provinces and data that can be collected [18].
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Making decision

3.2. Scoring methods

The Sls contain two types of indicators [19],
consisting of the positive indicators (indicator
values positively affect the integrated index) and
negative indicators (indicator values inversely
affect to the integrated index). For instance, with
some positive indicators, such as annual GRDP
growth rate, monthly average income, total
export/import output, rate of trained workers,
population growth rate, forest coverage rate,
provincial competitiveness index and so on
(Tablel), when the values of these indicators
increase it prove for the growth of economy-
social-environment-governance dimension and
will lead to the increase of integrated index.
Whereas, the increase of the values of some
negative indicators, such as unemployment rate,

poverty rate, forest area is burnt and destroyed
and so on (Table 1) will cause negative impact
on the economics, environment, and social
pillars and consequently decrease the integrated
index. The positive and negative indicators is
presented in Table 1.

Different types of indicators have different
variable values and unit heterogeneity.
Therefore, to calculate the indicators and use the
data of that indicators in the calculation, this
study calibrated and standardized the same range
of values from 0 to 1 [20]. The higher the value
calculated, the closer the province/city to
sustainable development. The Sis are calculated
based on the following two methods: (1)
standardized according to min-max
normalization theory (equations 1 and 2), (2)
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scaled on a scale of 0-1. Each indicator type
applied in different equations as follows:
For positive indicators, the following
formula is applied:
Xi—MinX;

lpositive = 3z —mmz,  (EQ-D [21]
For negative indicators, the following
formula is applied:
MaxX;—Xi
Inegative = m (Eq.2) [21]

In which, X is a value of indicator X; MaxX
and MinX denotes for the maximum and
minimum scaled values of indicator X,
respectively. In particular, the Max and Min
values of each indicator are determined based on
the set of statistics in the stage of the study area
or the expected value. This formula was used to
assess the environmental quality of coastal areas
for planning and management by Antonio
Cendrero in 1997 [21].

Table 1. Sustainable development indicators for SCC provinces

Dimensions Sub-Dimensions Indicators Sources ri(e:?r?ondgs
Economic Annual GRDP growth rate (+) [10, 23] Eq.1
development Monthly average income (+) [10, 23] Eq.1

Incremental Capital Output Ratio (ICOR) (+) [10, 23] Eq.1
Sustainable finance Rate of local budget revenue/expenditure (+) [10, 23] Eqg.1
. Rate of budget overspending/GRDP (-) [10, 23] Eq.2
Economic
Unemployment rate (-) [10, 23] Eq.2
Labor Rate of trained workers (+) [10, 23] Eqg.1
Labor productivity (+) [10, 23] Eq.1
) Total export/import output (+) [10, 23] Eq.1
Export - Import Export/import Rate (+) [10, 23] Eq.1
Population Population growth rate (+) [10, 23] Eq.1
Population density (-) [24] Eq.2
Poverty and Poverty rate (-) [10, 23] Eq.2
inequality in .
income distribution GINI coefficient (+) [10, 23] Eq.l
Number of doctors per 10000 inhabitants (+) [10, 23] Eg.1
. Rate of under-one-year children fully
Social Medical vaccinated (+) [10, 23] Eq.1
Under-five-malnutrition rate (+) [10, 23] Eq.l
Enrolment rate at right age (+) [10, 23] Eq.l
Education Percentage of literate population aged 15 [10, 23] Eq.1
and over (+)
High school graduation rate (+) [10, 23] Eq.l
Culture - Sports Proportion of local budget expenditures
for cultural-sport activities (+) [10, 23] Eq.1
Water quality/ Percentage of population using [10, 23] Eal
water reserves hygienic water (+) ' g
Natural resources Forest coverage rate (+) [10, 23] Eq.l
. Forest area is burnt and destroyed (-) [10, 23] Eq.2
Environmental
Number of employees engaged [10, 23] Eq.2
Environmental in waste collection (-) ' 4
Management Number of enterprises engaged [10, 23] Eq.2

in waste collection (-)
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Number of hospital beds per 20000

Health services inhabitants (+) [10, 23] Eqg.1
L Percentage of households using
Electricity domestic electricity (+) [10, 23] Eq.1
. Number of internet subscribers
Information and . - [10, 23] Eqg.1
nfrastructure Communication per 100 inhabitants (+) _
technology Number-of tel_ephone subscribers [10, 23] Eq.1
fénd Urban per 100 inhabitants (+) ’ '
overnance . Number of people died by traffic
Urban Security accident per 10000 inhabitants (+) [10, 23] Eg.1
Quality of economic
and business Provincial Competitiveness Index (PCI) (+) [10, 23] Eq.1

environment
governance

(+) positive indicators; (-) negative indicators

After standardizing the indicators, the
Simple geometric mean method (unweighted)
was used to calculate the Integrated sustainable
development index (SDI). This method will level
out, offset the difference in the value of the
indicators, thus giving the most representative
value for the research problem [22].

During the data collection, there are some
indicators collected only for some years such as:
monthly average income per capita, percentage
of households using domestic electricity,
percentage of population using hygienic water,
etc. in some provinces only the value of the
2010, 2012, 2014, 2016 and the indicators tend
to increase or decrease continuously, so the
interpolation method was selected by the team to
find the missing values. Interpolation method
can be easily calculated using some of the basic
functions in Microsoft Excel such as
FORECAST, TREND.

After the indicators are normalized to 0-1,
the SDI of the respective 4 dimensions (Economic;
Social; Environmental; infrastructure and
governance) is calculated according to the Eq. 3:

IDimension = n\/ ?=1 I; (qu)

Where, leco (Index of Economic dimension),
Iso (Index of Social dimension), lg. (Index of
Environmental dimension), lne (Index of
Infrastructure and Governance dimension). Once

Source: [10, 23, 24]

the indicators of the four dimensions capacities
have been identified as well as respective
indicators of each dimension, the local SDI is
calculated by the formula:

Y = VEco * Soc * Env * InG (Eq.4)

The integrated SDI (YY) is closer to 1
meaning the development more sustainable and
vice versa [22, 25].

4. Results and discussion

4.1. Results of economic sustainable development
index

Results from the economic dimension
indicate that from 2010 to 2016 Da Nang was
always the leading province for the economic
SDI in the SCC, reaching the highest of 0.64 in
2016, followed by Khanh Hoa at 0.56 (Fig. 3).
The result also reflected the status of economic
development of these localities. Da Nang and
Khanh Hoa are known as the two largest
economic centers, which established industrial
zones and bustling economic activities attracting
the number of high skilled workers. Meanwhile,
Ninh Thuan always had the lowest economic
SDI during the period of the survey, the main
reason is because of unexpected change in
climatic condition that had a big impact on
agriculture activities. With other provinces,
Economic SDI increased year by year.
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Fig. 3. Economic SDI in the SCC from 2010 to 2016.

4.2. Results of social sustainable development
index

In term of social dimension, it shows that
quality of life in the SCC was enhanced as the
Social SDI augmented steadily over the years.
That was shown by positive changes in some
indicators of the social dimension such as
poverty rate and rate of under-one-year children
fully vaccinated and under-five-malnutrition rate.

Da Nang always had the lowest poverty rate
in the region (Fig. 4), which rapidly decreased
from 5.1% in 2010 to 0.5% in 2016. This
encouraging result has been achieved through

the fact that this city seriously focused,
creatively implemented and widely propagated
the poverty reduction policies, supporting
policies for the poor according to Decisions No.
367/QD-UBND, Decision No0.19/QD-UBND
and Decision N0.48/QD-UBND [26].

Furthermore, at the same time in SCC,
Quang Nam and Quang Ngai also obtained
positive results in reducing poverty rates. Quang
Nam diminished 13.08% (from 24.18% to
11.1%) and Quang Ngai also decreased 8.5%
(from 23.92% to 13.06%) in the last 7 years of
2010 — 2016 (Fig. 4).
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Fig. 4. Poverty rate of the SCC provinces. Source:[10]
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Table 2. Social SDI of the SCC provinces

from 2010 to 2016

Province 2010 2016
Da Nang 0.454 0.464
Quang Nam 0.398 0.641
Quang Ngai 0.357 0.576
Binh Dinh 0.531 0.666
Phu Yen 0.468 0.561
Khanh Hoa 0.469 0.633
Ninh Thuan 0.330 0.579
Binh Thuan 0.450 0.628

The Social SDI highly depends on changes
in education and health such as the under-five
malnutrition rate, the number of doctors per
10000 inhabitants. In general, the Social SDI of
the provinces in the SCC had a tendency to
change positively year by year, distribute more
equally and reach the highest values in the 3
provinces namely Quang Nam, Binh Dinh, Binh
Thuan in 2016 (Table 2).

and Environmental Sciences, Vol. 35, No. 3 (2019) 37-48

4.3. Results of environmental sustainable
development indicators

The Environmental SDI of the SCC
provinces in the period of 2010 - 2016 changed
remarkably. By calculating indicators in the
environmental dimension, it shows that Khanh
Hoa, Binh Thuan and Da Nang reached the high
scores of more than 0.5 in recent years (Fig. 6).
In the period 2010-2016, two provinces Quang
Ngai and Binh Thuan reported a remarkable
increase in the SDI of the environment from 0.23
and 0.24 to 0.48 and 0.59 respectively (Fig.5).
These two localities also had better forest
protection policies so that the forest cover area
increased year by year (Fig.5).

In term of natural resource indicators, the
higher the forest coverage rate and
implementation of forest protection measures to
restrict fired and destroyed forest area, the
healthier environment is. For example, Ninh
Thuan province made efforts to decrease
deforested area to an extremely low-level only
0.9 ha in 2016 and forest cover rate in 2016 was
45.06%, resulting in extending the forest
coverage rate in here (Fig.5).
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4.4, Results of infrastructure and governance
sustainable development index

The infrastructure development level
impacts mainly on the development level of the
country and the investment in infrastructure
development prioritized in many developing
countries. Da Nang, an economic center of the
region and country always is the leading
province for Infrastructure and Governance SDI,
was 0.78 in 2016, while this figure for Ninh
Thuan was just 0.22 (Fig.7). There was a big
change in the Infrastructure and Governance SDI
in all provinces especially Da Nang (0.31 in
201010 0.78 in 2016), Quang Ngai (0.27 in 2010
to 0.46 in 2016).

Moreover, Da Nang was the Ileading
province for quality of governance. One reason
for this change was that the local authorities

focused on management, especially the
Provincial Competitiveness Index (PCI) to
highly rank on the national charts. According to
the report of Vietham Chamber of Commerce
and Industry (VCCI), since 2010, Da Nang always
ranked the highest Provincial Competitiveness
Index (PCI) in Vietnam (Table 3). It is worthy
that the city is known as a developed and
civilized city which has judicious policies and
orientations from the regulatory authorities. In
addition, by the effort, Quang Ngai and Khanh
Hoa had remarkable increased from the ranking
55™ and 40™ to 26" and 24" out of 63 provinces
in the country respectively. This reflects that
their quality of economic governance and
building a favorable business environment for
private-enterprise development is effective
comparing with their potential and benefits [27].

Binh Thuan - 2010
Ninh Thuan - 2012
2014
Khanh Hoa 4 2016
Phu Yen
Binh Dinh +
Quang Ngai 4
Quang Nam
Da Nang - — A
T T T T T T
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Infrastructure and Governance SDI

Fig. 7. Infrastructure and Governance SDI of the SCC provinces from 2010 to 2016.
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Table 3. PCI and the ranking of the SCC provinces in Vietnam from 2010 to 2016

Province 2010 Ranking 2016 Ranking
Da Nang 69.77 1 70.00 1
Quang Nam 59.34 26 61.17 10
Quang Ngai 52.21 55 59.06 26
Binh Dinh 60.37 20 60.24 18
Phu Yen 58.18 31 56.93 51
Khanh Hoa 56.75 40 59.59 24
Ninh Thuan 56.61 41 57.19 49
Binh Thuan 58.45 28 58.20 32
Sources: [28]
4.5. Results of integrated sustainable development each dimensions over the years, the SDI of SCC
index provinces has improved considerably at all
With the positive changes from the index of dimensions (Fig. 8, Fig. 9).
07
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The highest Integrated SDI provinces was
Da Nang (reaching 0.61 in 2016), followed by
Khanh Hoa, Quang Ngai, Quang Nam (reaching
0.48in 2016) (Fig. 8.). By contrast, Phu Yen and
Ninh Thuan always obtained the lowest results.
This also reflects the status of socio-economic
development as well as the efforts to manage
environmental resources.

In general, Da Nang is the capital of the
region and scores was higher than the other areas
such as for economic (0.35 in 2010 and 0.6431
in 2016) infrastructure and governance (0.31 in
2010 and 0.78 in 2016) but lower for social
(0.464 in 2016) and environmental (0.59 in
2016) (Fig. 9). While, although Binh Dinh
reached a quite low economic SDI, which ranked
the forth in 2010 and still remain to 2016 but it
reached the highest scores for Social (0.66 in
2016) and environmental (0.5 in 2010) in SCC.

5. Conclusion and research orientation in the
future

A total of 32 indicators and 4 dimensions
including Economic; Social; Environmental;
Infrastructure and Urban governance are
proposed to assess the sustainable development
of the SCC provinces. The study also identified
the absolute methodology in order to set
indicators as well as calculate formulas and
successfully indexed the SDI in the SCC
provinces for the period 2010 to 2016. Sls
remarkably depend on the choice of targets,
maximum and minimum values in each indicator
and dimension described above. It indicated that,
in the period 2010 to 2016 the provinces in the
SCC developed in a positive way. The SDI in
2016 was higher than in 2010 for all regions.
Particularly, highly developed group included
Da Nang, Binh Dinh, Khanh Hoa, Binh Thuan,
while the low value group was 2 provinces,
including Phu Yen and Ninh Thuan.

In order to improve the SDI in the coming
years, it is necessary to investigate and adjust the
indicators toward socio-economic development
targets and environmental resource management
to ensure infrastructure development and
enhance  governance  capacity, develop
comprehensive dimensions of sustainable

development  assessments. The proposal
indicators and the methodology are able to
calculate the SDI for other provinces, cities and
case studies with similar characteristics. The
approach to the calculation method and the
sustainable development assessment discussed
above is able to use for monitoring the status of
sustainable development in local and to identify
remaining issues in the implementation process.
As a result, proposed solutions to orient and
change plan of the region to quickly increase the
SDI should be taken into implementation.

This results will be the premise for further
investigations which will be based on the
proportion in accordance with the indicators and
dimensions. In the future, the research team
tends to expand the topic to other research areas
such as the South East or North Central Coast.
The results will compare with the development
of the provinces in the SCC in this study.
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