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Intrusion in the context of climate change in
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ABSTRACT

This study aimed to evaluate the adaptive
capacity (AC) to saltwater intrusion (SI) in Dong
Nai province up to 2030 via 20 indicators. The
research scope included 57 wards in Bien Hoa
city, Long Thanh, and Nhon Trach districts
where have been facing the SlI. Results showed
that in 2014, nearly 90 % of investigated wards
have AC indices in the range of medium-low
level, distributed in Bien Hoa (30), Long Thanh
(15), and Nhon Trach (6). Forecasts to 2020 and
2030, the local AC indices to saltwater intrusion
are increased: the mentioned number of 90 % is
gone down to about 88 % and 60 % in 2020 and

2030, respectively. Indicators need taken into
concern to improve the local AC include:
financial (budget, GDP), policy (support for
people to cope with SI and climate change),
agriculture (salt-tolerant seeds), aquaculture
(brackish and saline water aquaculture),
irrigation work (irrigation, Sl prevention system),
water storage, health, and education. Overall, in
the period of 2014-2030, the AC of the
investigated area has increased over the years,
but most at the medium — low level. This is the
challenge for governments and communities in
responding to Sl in the context of climate change.
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INTRODUCTION

In the context of the climate change (CC)
increasingly going strong, rivers’ flow has been
greatly influenced, indirectly affecting the
saltwater intrusion (SlI), thereby, altering the
water quality, affecting most of relevant activities
in the riparian areas. Recently, many studies on
CC consider Sl as one of the most concern issues,
especially in the estuaries and coastal areas [1-5].

Dong Nai province is in Dong Nai - Saigon
river basin, despite the landlocked area (the
nearest point from the sea is about 9 km), but
with the characteristics of water reserves
distribution (approximately 20 % in the dry
season) and a semi-diurnal tide, rivers here are
still at a high risk of SI. In recent years

(monitoring data from 2007 to 2014), the
salinization in Dong Nai province was negatively
changed the salinity had increased significantly,
especially from March to May. Thus, the Sl in
Dong Nai province is increasingly serious and
should be concerned. Many studies on SI were
carried out in the downstream Dong Nai river [6-
9], however, mostly focused on assessing the
salinization current, simulating and warning, etc.
In other words, the vulnerability to Sl in the
context of CC has not been forecasted and fully
assessed yet.

The adaptive capacity (AC) of a system can

be basically resulted from human activities such
as education, income, health, institutions, and

Trang 227



Science & Technology Development, Vol 19, No.T5-2016

technology [10]. Besides, natural elements of the
system may also alter the AC. Some AC
indicators are often used: management capacity
[11, 12], budget [13], infrastructure [12, 14],
human, etc. of the government, awareness [11,
12], income [11-13], coping experiences [13],
access to information [11, 14], of communities.
Accordingly, in this work AC indicators were
divided into 2 groups: local government and
communities. The analysis and evaluation of
components forming adaptive capacity are
important factor for identifying solutions. This is
considered as one of the outstanding
characteristics of the evaluation approach.

It is very important to assess completely
vulnerability to Sl in the context of CC of
different regions or sectors - to be considered in
the relationship among the level of exposure (E),
sensitivity (S) and adaptive capacity (AC) [15].
That provides a basis for planning suitable
policies, strategies, and coping measures in each
specific condition, contribut to minimize risks,
and ensuring the sustainable development of
concerned socio-economic sectors. However,
indicators used to assess vulnerability in general
and each part (E, S, and AC) in particularly have
not been detailed established. Accordingly, this
study aims to evaluate the AC to Sl in the context
of CC in Dong Nai till 2030 by the index method
(based on related indicators), detailed to
communes/wards in the investigated areas (Bien
Hoa city, Long Thanh and Nhon Trach districts),
serving the vulnerability assessment to Sl in the
context of CC.

METHODS

(1) Literature review and data analytical
method: Most of concerned data and materials
(based on research objectives and indicators for
AC assessment) were collected from specialized
agencies, research institutes, universities,
journals, etc. and then were synthesized and

analyzed by Microsoft Excel software to serve
this work.

(2) Sociological investigation method: The
survey of adaptive capacity (awareness, attitudes,
and behaviors of communities and local
managers about SI and CC, management capacity
of related sectors, etc.) was performed via
questionaires in the riparian areas, including Bien
Hoa city, Nhon Trach and Long Thanh districts.
Respondents were residential communities (270
households), commune/ward/town authorities (57
Commune People's Committees), local managers
(45 officers).

(3) Professional adjustment: this was applied
in conjunction with the analytic hierarchy process
(AHP) to identify AC indicators and calculate
their weights. 30 experts from 17 prestigious
universities, institutes, environmental and climate
change research centers in the southern Vietnam
participated in the survey.

(4) The analytic hierarchy process - AHP:
this was used to calculate weights of AC
indicators. Results of the survey experts’
opinions were synthesized by the geometric
average method. Priority weight of each indicator
was resulted from the multiplication between its
weight and the weight of the group that it belongs
to. Professional adjustments were considered
consistent when the consistency ratio CR is < 0.1.

(5) GIS method: was applied to extract data
on the map, mapping the AC index to Sl in order
to visualize calculating results by the Mapinfo
11.0.

(6) Index method: The process of adaptive
capacity assessment by index method is as
follows:

- Identifying indicators.
- Determining the weight of each indicator.

- Collecting and calculating related figures;
standardizing data in the scale of 0-100.

- Calculating adaptability index.
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- Mapping, analysis and evaluation.

AC indices were calculated based on
standardized values of sub-indices (AC;) and
their weights (wae) by the formula: AC =
1 AC; x Wy, where n: number of component

indicators; AC;: standardized value of the i
indicator; W;: priority weights of the i indicator;
AC: the synthetic adaptive capacity.

The AC values to SI
presented in Table 1.

were evaluated as

Table 1. Assessment scale of adaptive capacity

Value 0-25 25-50 50-75 75-100
AC Medium-low Medium-high
RESULTS
Indicators and weighted evaluation Calculation of indicators’ weights: Based on
Indicators: By professional adjustment experts’ opinions, pairwise comparison matrices

method as mentioned, indicators for evaluating
adaptive capacity to Sl in the context of CC was
built as in Table 2.

were established and the concerned weights were
calculated, including weights of each component
indicator and of each group. Priority weight of
each indicator is presented in Fig. 1.

Table 2. The indicator for evaluating adaptive capacity for Sl in the context of climate change

Local government Communities
Code Indicator Code Indicator
AC.cq.1 The_ number of staff taking charge of AC.cdl Awareness of communities of climate
environmental resources change and SI
Awareness of managers of climate Ability to access information when
AC.cq.2 | change and SI AC.cd.2 | occurring incidents (internet, TV,
cellphone etc.)
Programs / plans to support the people Ability of clean water storage
AC.cq.3 | in sl field (information, financial, etc.) AC.cd.3 | (yolume, time of use, etc.)
AC.cq.4 The budget for.co_plng with climate AC.cd.A Thg n_umber of salt-tolerant crop
change and Sl incidents varieties
AC.Cq.5 The_ number of salinity monitoring AC.cd5 The proportion of salt-tolerant crop
stations area / total farmland area
AC.cq.6 The proportion of agricultural _Iand AC.cd.6 Diversity degree of brackish aquatic
supported by the salty preventing works
AC.cq.7 The number (or percentage) canals AC.cd.7 Per capita income
dredged
AC.cq.8 Distance from the considered region to AC.cd.8 Education index
the nearest regulatory works
AC.cq.9 Proport!on of health workers / AC.cd.9 Proportion of employed workers
population
AC.cq.10 | The proportion of teachers / pupils
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Fig. 1. Priority weight of AC indicators

Evaluation of AC to Sl in the context of CC

Process of AC calculation was initiated by
standardizing collected data (0-100), multiplying
to the priority weight (Fig. 1), totaling and then
decentralizing into 4 different levels (Table 1). It
was used as a basis for comparing and evaluating
the AC values among investigated communes/
wards.

Spatial distribution of AC index

Nhon Trach district had the highest AC to SI
(46.21 points in 2014) with 50 % of communes
having the medium-low AC index and the rest 50
% at the medium-high level in 2014. By 2030,
AC of all communes in this district would be at
the medium-high level, especially Dai Phuoc,
Phu Huu, Phu Hoi, Tan Long, Long Tho, and Phu
Dong communes.

Long Thanh district was ranked 2 with AC
index of 35.82 points in 2014. During the period
from 2014 to 2020, all communes/towns would
have the medium-low AC. By 2030, there would
be 3 communes/towns having the medium-high

AC: Binh An, Long Phuoc communes and Long
Thanh town.

Bien Hoa City has the lowest AC in the 03
investigated districts (35.72 points - 2014). All
communes/wards had AC at the medium-low
level in 2014. There would be only one and three
communes/wards having the medium-high AC by
2020 (Hiep Hoa) and 2030 (Hiep Hoa, Trang
Dai, and Long Binh Tan), respectively.

Overall, the AC indices of Nhon Trach
district are higher than those of Long Thanh
district and Bien Hoa city. However, the current
AC indices were relatively low, thus needing
more efforts to overcome these defects and
promote the advantages in the adaptation to the
salinization.

Distribution of AC over time

In 2014, there were 51 communes/wards
having the the medium-low AC (89.5 %), the rest
(6 communes/wards) achieved the medium-high
AC. Notably, all communes/wards in Bien Hoa
city and Long Thanh district got the the medium-
low AC.
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Fig. 2. Map of adaptive capacity to salinization in 2014:
(A) AC- government, (B) AC-communities, (C) synthetic AC

At Bien Hoa city, communes/wards had the
strength of AC as Hiep Hoa, Trang Dai, Long
Binh Tan, etc. In addition to the advantage of
people's income, the percentage of workers with
employment, ability of access to information
when incidents occur, etc., the low AC could be
resulted from both local government and
communities (Fig. 2A, B). In fact, the current
situation and the impact of Sl in Bien Hoa City
have not yet been serious and clear, especially
when the local agricultural development is not
priority, the relevant indicators are thus less of
concern.

Similar to  Bien Hoa city, all
communes/towns in Long Thanh district had the
medium-low AC, notably AC indices of Loc An,
Binh Son, Bau, Tan Hiep, Binh Phuoc, Long An,
Tam An communes were below 35.

Calculating results for 2014 showed 50 % of
communes/towns in Nhon Trach district having
the medium-low AC and the rest being at the
medium-high level; some of them were Dai
Phuoc, Phu Huu, Phu Hoi, Long Tan and Phu
Dong, Long Tho communes. Notably, Dai Phuoc
had the highest AC both in the district and the
surveyed area (AC = 57.32 in 2014), followed by
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Phu Huu commune (AC = 56.67 in 2014). In
general, a number of features strengthening AC
to Sl in Nhon Trach district included the high
density of dredged canals, good ability of clean
water storage, budget allocation for coping with
Sl, the highest percentage of agricultural land
supported by saline works, etc.

By 2020, the AC index would be increased
due to the improvement of awareness of Sl and
CC, increase in ability to access information, and
income, etc. (Fig. 3C). However, the AC is still
low: in 57 investigated wards, there are only 7
communes with the medium-high AC (12.3 %)

and the rest with the medium-low AC (87.7 %).
AC maps in 2020 for each object (Fig. 3A, B)
showed that AC of the local governments would
be almost at the medium-low level (51/57
communes/wards) while their roles are more
important than those of communities in adapting
to SI. Nhon Trach district maintains the AC to Sl
higher than that of Bien Hoa city and Long
Thanh district with 50 % of communes/towns
having the medium-low AC and the rest having
the medium-high AC, in which, dominant
communes still are Dai Phuoc, Phu Huu, Phu
Hoi, Long Tan, Phu Dong, and Long Tho.
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Fig. 3. Maps of adaptive capacity to salinization in 2020
(A) AC- government, (B) AC-communities, (C) synthetic AC
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By 2030, results showed 18 communes
having the medium-high AC (12 in Nhon Trach
district, 3 in Bien Hoa city and 3 in Long Thanh
district) - accounted for 31.6 %, 39
communes/wards getting the medium AC -
accounted for 68.4 9%. AC-communities are
almost at the medium-high level (53/57
communes/wards) while the medium-low AC

belongs to local  government  (48/57
communes/wards) (Fig. 3A, B). Similar to the
period of 2014 - 2020, Nhon Trach district
remains dominant in adaptating SI with 12/12
communes/towns having the medium-high AC
(Fig. 2C) while the corresponding figures are
3/15 and 3/30 in Long Thanh and Bien Hoa,
respectively.
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Fig. 4. Maps of adaptive capacity to salinization in 2030
(A) AC- government, (B) AC-communities, (C) synthetic AC
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CONCLUSION

Based on the AC indicators to Sl, this work
gathered and standardized data, interviewed
experts, and calculated AC index. Results
showed that Nhon Trach district has the highest
AC, followed by Bien Hoa city and Long Thanh
district. AC indices at the locals are gradually
improved from 2014 to 2020 and 2030 as
follows: Bien Hoa (37.2, 41.5, and 48.5), Long
Thanh (36.5, 39.4 and 46.7) and Nhon Trach (47,
50.2 and 57.4). In 2014, 51/57 investigated
communes/wards had the medium-high AC (89.5
%); by 2020 and 2030, this ratio would be
decreased to 87.7 % and 59.6 %, respectively.
Accordingly, the ratios of the communes/wards

with the medium-high AC would be increased
from 10.5 % in 2014 and to 12.3 %, 40.4 % in
2020 and 2030, respectively. By 2030, there
would be 23 communes (40.4 %) having the
medium-high AC to SI, including 12
communes/towns  in Nhon  Trach, 7
communes/wards in Bien Hoa and 4 communes
in Long Thanh.

Although AC is increased over time but the
values are still relatively low. This requiries
appropriate solutions to improve the current
defects and the adaptive capacity to Sl for the
saltwater intrusion in the local, especially in the
context of climate change.

Panh gia nang luc thich (ng vai xam nhap
man trén dia ban tinh Bong Nai dén nam 2030

e L& Ngoc Tuén

Truong Pai hoc Khoa hoc Tu nhién, PHQG-HCM

e Vii Thi Ngoc My

Vién Khi twgng Thiy van Hai van va Moéi trudong

TOM TAT

Nghién ciru nay thuc hién danh gia nang lyc
thich timg (AC) voi xam nhdp man (XNM) tai tinh
2030. Theo do , pham vi
nghién ciu la 57 phwong xd trén dia ban Thanh

Pong Nai dén nam

phé Bién Hoa , Huyén Long Thanh va Nhon
Trach — nhitng noi dang xdy ra va co nguy co
XNM.

Két qua tinh todn cho thdy nam 2014, gan 90
% xa/phuong co muc nang lyc thich ung trung
binh thap, tdp trung chii yéu ¢ TP Bién Hoa (30),
H. Long Thanh (15) va H. Nhon Trach (6). Dy
bdo dén nam 2020 va 2030, AC tai cac dia
phuong gia tang so voi hién tai. Ty 1é xdlphuong
c6 AC trung binh thdp giam con 88 % va hon 68

% vao nam 2020 va 2030. Cac chi thi AC dang
quan tam cdi thién trén dia ban bao gom: tai
chinh (ngdn sdach, GDP), chinh sich (hd tro
nguoi dan vng phoé véi XNM va BDKH), canh tac
néng nghiép (giong va dién tich cdy trong chiu
man), thity san (giong va dién tich thity san nwdc
lo/man), cong trinh thuy loi (twoi tiéu, ngan
man), trit nude sinh hoat, y té va gido duc.

Nhin chung, giai doan 2014-2030, AC cua
dia ban nghién ciu tang dan qua cdc nam, tuy
nhién, da phan chi dirmg lai ¢ mikc trung binh
thap. Dady la thach thite cho chinh quyén ciing
nhir cong dong dan cw trong cong tac ing phéd
véi XNM va béi canh BDKH ngay cang gia ting.

Tir khoa: xdm nhdp man, nang luc thich ung, bién doi khi hdu
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