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Abstract: Given the multidimensional nature of climate change issues, decision-making in climate
change adaptation is a complex process, and suitable decision support methods are needed. The
aim of this paper was to rank saltwater intrusion adaptation options for farmers in two provinces
in the central coastal region of Vietnam using the analytical hierarchy process method. Data for the
analysis were obtained through a literature review, field observations, and face-to-face interviews
and focus group discussions with key informants. We combined two ways of weighting to arrive
at final scores for each of the identified adaptation options: prioritizing criteria and subcriteria by
pairwise comparison and rating the different alternatives with respect to the lowest level subcriteria.
In doing so, we also investigated differences in the priority sets and final rankings of the analytical
hierarchy process applications in both provinces. In our study, we worked with group consensus
scores on both the criteria weights and the ratings for the different adaptation options for each of the
criteria. Our results revealed that “sustainability and equity” was the most important criteria, while
coherence ranked lowest. The final ranking of adaptation options differed between both provinces
due to differences in the geographical and socioeconomic characteristics of the study areas. The
consistency ratios for all pairwise matrices were less than 0.1, indicating that judgments from the
focus group discussions with respect to the different criteria were highly consistent. A sensitivity
analysis of our results confirmed the robustness of the rankings in our research.

Keywords: climate change; analytic hierarchy process; saltwater intrusion

1. Introduction

The last five years have been the warmest on record, and climate change is expected
to strike harder in the coming years with extreme weather events predicted to become
both more frequent and more intense. As a result, global risk perceptions are shifting as
the biggest threats to mankind are no longer related to economic problems, but to climate
action failure, natural disasters, biodiversity losses, and extreme weather events [1] (p. 6).

For specific parts of Asia, it is predicted that crop yield will decline up to 10% in the
2020s and 30% in the 2050s compared to the 1990s [2] (p. 849). Vietnam, in Southeast
Asia, is expected to be one of the most badly affected countries by climate change, due
to its extensive coastline, its agriculture-oriented economy, and its underdeveloped rural
areas [3-5]. The coastline is especially vulnerable because of population pressures and
predicted sea level rise [6]. Furthermore, it has been reported that the average temperature
in the region will increase by 0.8 to 2.7 degrees Celsius by 2060 [7] and that sea levels will
rise by 78 cm to 95 cm by 2100 (simulated under a high emission scenario A1F1 which
assumes a continued fossil-intensive energy production) [8]. It has also been reported that
climate change (CC) related to disasters, such as typhoons, floods, and droughts, will be
harmful to rice cultivation due to significant alterations in the soil composition and in the
availability of freshwater [5]. Researchers have indicated that the central coastal region
of Vietnam is highly vulnerable to CC [3,9-11], with a predicted average sea level rise of

Sustainability 2021, 13, 2311. https:/ /doi.org/10.3390/su13042311

https:/ /www.mdpi.com/journal/sustainability


https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3067-3380
https://orcid.org/0000-0003-4010-4149
https://doi.org/10.3390/su13042311
https://doi.org/10.3390/su13042311
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13042311
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/13/4/2311?type=check_update&version=2

Sustainability 2021, 13, 2311

20f16

about 22 cm by 2050 and 73 cm by 2100 [12]. The impact of the expected sea level rise
is greatest in coastal provinces of Central Vietnam, driving problems such as saltwater
intrusion [8] (p.10).

Due to the impact of CC, it is predicted that rice production in Vietnam will suffer a
3.4-6.7 percent reduction in productivity by 2050, compared to the 1990s [13]. In Central
Vietnam, rice yield will reduce by 13.9% to 23.5% during winter as temperatures increase
by 0.35-1.72 °C and by 0.93-3.69 °C, respectively [10]. These losses, in turn, will have a
substantial impact not only on the livelihoods of local farmers, but also on the stability of
the economy as a whole. Given these impacts, rice production will become “problematic”
if suitable adaptation and mitigation strategies are not implemented in time [14,15]. There-
fore, identifying suitable adaptation measures is an urgent agricultural policy action in the
central coastal region of Vietnam. CC adaptation measures serve multiple goals, including
reducing risks and vulnerabilities, and enhancing the adaptive capacity of society as a
whole [16]. At the same time, selecting suitable adaptation options is often influenced by
factors other than CC-related variables [3], such as the policy framework and market condi-
tions [17]. Selecting the best adaptation should thus look beyond climate risks to consider
other goals, such as social and economic benefits. The decision-making process surround-
ing the ranking of different adaptation options requires the mobilization of knowledge and
the experience of researchers and local authorities, as well as the farmers involved.

Given the diversity of goals to be considered in identifying suitable CC adaptation
methods, many authors consider multicriteria assessment (MCA) to be the most suitable
tool [18-20]. Among the different MCA approaches, we focused on the analytic hierarchy
process (AHP) method for four reasons: (1) it is appropriate for combining multiple stake-
holders in group decision making [21] (pp. 9-26); (2) it is simple and easy to understand
by applying ratio scales [22]; (3) it is useful in combining both subjective information
(reports, preferences) and objective information (expert knowledge) [23]; (4) it is a spe-
cial method using a hierarchy tree to define a problem in terms of a goal, criteria, and
alternatives [24]. However, to the best of our knowledge, little research has been devoted
to ranking CC adaptation options using the AHP method (see Supplementary Materials
A for an overview of AHP applications on CC adaptation). In Vietnam, only a study
by Sen (2016) [25] applied AHP to investigate adaptation to increased risks of flooding,
drought, and saltwater intrusion in the coastal region of the Phu Vang district, Thua Thien
Hue province, Vietnam. Sen (2016) classified the alternative adaptation options into three
groups: agriculture, husbandry, and aquaculture. Agriculture was ranked highest amongst
these groups, while aquaculture was ranked lowest. Within the group of agricultural
adaptation options, planting bitter melon during the wrong season was given top priority.
In the aquaculture group, poly-culture of mullets gained the highest scores. The study by
Sen (2016) explored adaptation strategies to improve the livelihoods of local farmers, but
did not exclusively focus on adaptation to saltwater intrusion (SWI) for rice production.

In an effort to complement the work of Sen (2016), the main objective of this paper was
to apply the AHP method to rank the potential SWI adaptation options for rice farmers in
the central coastal area of Vietnam, taking into account sustainability criteria. In doing so,
we drew on input from all stakeholders involved in climate change adaptation decisions at
the local level: people committees, department of agriculture and rural development, de-
partment of economy and sociology, department of planning and investment, agricultural
extension center, farmers’ union, women'’s union, division of plant protection, cooperatives,
agricultural firms, and individual farmers. On the practical level, the aim of our research
was to support local authorities in these study areas in their efforts to develop strategies for
the local agricultural sector, in which CC impacts (and SWI) are taken into account. Every
five years, local authorities decide on which SWI adaptation methods to promote in the
region, taking into account different criteria related to social and economic development,
food security, and land allocation. AHP is well suited to bring together these different
criteria and potential differences in appreciation of the adaptation methods of different
stakeholders. On a more general level, the research presented in this paper demonstrates
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that MCA provides suitable tools to study complex sustainability issues—in this case at
the crossroads of regional resilience (coastal areas in developing countries) and sectorial
resilience (agriculture and rice cultivation in particular). Many of the lessons learned are
valuable to the wider literature on CC adaptation, ranging from the data collection process,
over the identification of criteria, to the development of indicators in the AHP application.

The remainder of paper is structured as follows: Section 2 focuses on “Material
and Methods” and describes the methodology, the study areas, the data collection pro-
cess, and the AHP decision support model. The results of our analysis are presented in
Section 3 (“Results and Discussion”), while Section 4 (“Conclusions”) looks into the policy
implications of our research.

2. Materials and Methods
2.1. Methodology

MCA provides decision makers with a systematic way to make sense of the wide array
of relevant information and enables them to create a structured framework for comparing
a set of identified options across a range of criteria [20]. As a result, MCA is a highly
relevant tool for making CC adaptation choices, given that the criteria used in MCA can
include uncertainty and other intangible elements of CC adaptation [26]. Therefore, it is no
surprise that the technique has been applied as a decision support tool in CC adaptation
studies [16,18,19,26-28].

MCA approaches include multiattribute utility theory (MAUT), analytical hierarchy
process (AHP), and outranking methods. In this paper, we focused on AHP—a method
developed by Thomas L. Saaty in the 1970s that is now widely applied in many fields,
including strategic planning, resource allocation, marketing, education, healthcare, and
public policy [29-35]. Saaty T.L. (2016) defined AHP as a “relative measurement on
absolute scales of both tangible and intangible indicators that is based on the judgment
of knowledgeable and expert people and on existing measurement and statistics needed
to make a decision” [21]. Thanks to its advantages in comprising numerous qualitative
and quantitative factors [36], its flexibility of application [16], its potential to differentiate
the importance of each indicator [37], and control over internal consistency [38], AHP
can overcome some of the shortcomings of other techniques—e.g., an exclusive focus on
expert preferences or the use of monetary valuation techniques. AHP identifies the best
option from a set of alternatives by applying a hierarchical foundation (set of indicators and
subindicators), and, in doing so, it allows for nonquantitative higher-level indicators [39].
Finally, decisions are based on combining multidimensional scales of measurement into
a single, so called “one-dimensional”, scale of priorities [21]. The main limitations of
AHP include the process requiring exact calculations and the potentially large influence
of stakeholders” opinions on the final outcome [40]. The latter can, however, be further
investigated using sensitivity analyses on the weights given by experts.

2.2. Study Areas

The central coastal region of Vietnam is dominated by a subtropical humid climate
with two main seasons: dry and rainy. In our study, we selected the Thua Thien Hue and
Quang Nam Province as representative for the northern and southern parts, respectively.
These two provinces are leaders in both rice production surface and proportion of SWI-
affected areas. In the Thua Thien Hue province, 6% of the 54,400 ha paddy land is affected
by SWI. Within this province, the district of Quang Dien was selected as the first study area,
given its high proportion of paddy fields affected by SWI (13%). The province of Quang
Nam has 87,396 ha of paddy land, of which 7816 ha is saline (11%) [41] Here, we chose
the Duy Xuyen district as the second study area, since it is the district in which SWI is
most problematic—affecting 2258 hectares of paddy fields, or 29.1% of the total paddy land
surface [42]. In each district, three different communes were selected as representatives
of three different levels of SWI impacts (high, moderate, and mild). In both study areas,
the majority of affected paddy fields are located alongside the coast or a river influenced
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by the tidal regime. The risk of SWI is particularly high in the summer season, with large
negative impacts on rice production.

2.3. Data Collection Process

In this study, we drew on field observations, a literature review, face-to-face interviews,
and focus group discussions (FGDs) to collect the data for the AHP analysis. We conducted
a literature review of related studies and an analysis of secondary data related to SWl issues
in both study areas, as well as on their demographic, natural, and economic characteristics.
Moreover, based on literature review, a number of potential components that can be used to
assess an adaption method were listed. Field observations were used to obtain an overview
of the adaption methods that are currently being applied. The stakeholders that participated
in the key informant interviews and FGDs were the representatives of organizations
that involve in drawing, making, and implementing the policies related to CC adaption
(Supplementary Materials B). Face-to-face interviews were carried out with stakeholders
and experts (8 in total, Supplementary Materials C1) from different organizations to collect
data related to the policy framework in place to promote effective SWI adaption options in
the study areas. A first FGD was conducted, in which representatives of the local authorities
and researchers working on climate change participated. The purpose of this first FGD
was to assess the current situation of rice production and the impacts of SWI in the both
provinces and to verify and select the most applicable components and indicators for
evaluating SWI adaption practices. Afterwards, two additional FGDs were conducted in
each district—one with local staff to develop pairwise comparison matrices, and one with
local cooperatives and farmers to rate the different adaptation methods on the different
subindicators. The knowledge and expertise of local farmers was vital to the assessment,
as the decision on whether or not to implement adaptation methods is ultimately in their
hands. Figure 1 presents the full data collection process, while a detailed description of
each research step (methods and outcomes) is presented in Section 2.3. The entire data
collection process included six steps to (a) collect inputs (the bold arrows) and (b) provide
outputs (bold and dotted arrows). More detailed information on the FGDs is presented is
Supplementary Materials C2.

Belated previous stadies Literamre review Posential COMPONents,
= and field trips sssssss 3 indicavors and altematives

Shortlist of conponents, Eey informant

dicators and altematives  [6°* interviews
l Final list of
COmMpOnEnis,
— . i
Fizst FGD llllllllh altermatives ......} ree
1
Pairwise comparison - it £
matrices .1-""- (11 paricipants, ome -
FGD in each dismic)
ERating the altermatives =
1 3 LEL L [} M FGI}S
on the sub-ndicators < {18 participants, one FGD
in each district)
Authors’ caloalati Final sceores of
> e adaptation measures

Figure 1. Data collection process. (Source: authors’ synthesis, 2020).
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2.4. AHP Decision Support Model
2.4.1. Development of Components, Indicators, and Alternatives

We started with an extensive literature review to develop the first list of potential
components. A number of authors have developed a series of components for use in
identifying “successful” adaptation options. Stern (2008) and Weiland et al. (2015) used
a list of three components: efficiency, effectiveness, and equity [43,44], while Yohe and
Tol (2002) focused instead on efficiency, feasibility, and acceptability [45]. Others have
considered that components related to development issues should be applied when re-
viewing different adaptation options, including feasibility, efficacy/effectiveness, efficiency,
acceptability /legitimacy, equity, and sustainability [46-48]. Aside from the components
mentioned above, Dixit and McGray (2013) added several components, such as urgency,
robustness, and practicality [20]. Finally, Brooks et al. (2011) framed adaptation options
in terms of technical and institutional sustainability [47]. Sen (2016) has developed four
main criteria: coherence, effectiveness, resistance, and sustainability [25]. Each of these
components comprises different indicators that cover three dimensions—society, economy
and ecology—and the weights for the different indicators were set through focus group
discussions. Drawing on this literature review, we identified a first list of 8 potential
components, including effectiveness, sustainability, efficiency, equity, feasibility, ability to
confront and adapt, robustness, and practically. This list was carefully revised by experts
in order to reduce the number of components and ensure suitability for the purposes of our
study. The shortlist included four components: coherence, efficiency, ability to confront
and adapt, and sustainability and equity.

Next, we identified indicators for each of the components for use in the next step
of our analysis. Indicators for decision-making and selection of adaptation alternatives
should be simple, measurable, analytically sound, relevant to policy, and transparent [48].
In particular, the indicators in our paper needed to be applicable to the different SWI
adaptation measures under consideration and be appropriate within the context of both
study areas. The potential indicators (Supplementary Materials D) were shortened and
grouped respectively into 4 components (Supplementary Materials E) that were decided
by key informants.

Regarding the alternative adaptation options to be included in our study, we largely
drew on the Vietnamese Government’s policy related to CC adaptation. Drawing on field
observations and a literature review, potential alternatives were reduced to 11 (Supple-
mentary Materials F) before submitting them to participants in the first FGD. Here, the
alternatives were analyzed using two conditions: (1) Is the alternative compatible with
the “soft solutions” in the Second Action Plan of Ministry of Agriculture and Rural De-
velopment (Supplementary Materials G)? (2) Is it compatible with the natural, social, and
economic conditions of the study area under consideration?

The first output of the first FGD was a final list of 4 components and 10 indicators,
as well as 35 subindicators (Table 1). The descriptions of components and indicators are
introduced in Supplementary Materials H.
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Table 1. Components and indicators.

Component Indicator Subindicator
(B1) Coherent with the natural conditions  (C1) Coherent with soil conditions
(1 = absolutely not coherent, 5 = very (C2) Coherent with climate conditions
coherent) (C3) Coherent with local ecosystems
(C4) Coherent with the skills and knowledge of farmers
Coherence (B2) Coherent with community capacity (C5) Coherent with local experiences and local backgrounds
(A1) (1 = absolutely not coherent, 5 = very (not too new)
coherent) (C6) Coherent with the financial and investment capacity of
farmers
gﬁz CiCeosherent with local customs and (C7) Coherent with local policies
(1 = absolutely not coherent, 5 = very (C8) Coherent with community needs
coherent) (C9) Coherent with local customs
(C10) Yield (1 = very low, 5 = very high)
(C11) Cost of production (1 = very high, 5 = very low)
(C12) Profits (1 = very low, 5 = very high)
. .. (C13) Risks (1 = very high, 5 = very low)
(B4) Economic efficiency (C14) Stability of input prices (1 = absolutely not stable, 5 = very
stable)
(C15) Stability of output market (1 = absolutely not stable, 5 =
very stable)
(C16) Improving the living standards of vulnerable groups
Efficiency (women, children, poor people) (1 = not improved, 5 = very
(A2) (B5) Social efficiency improved)

(C17) Risks of increasing the gap between rich and poor people
(1 = very high, 5 = very low)
(C18) Job opportunities (1 = very low, 5 = very high)

(B6) Environmental efficiency

(C19) Risk of soil erosion and land degradation (1 = high risk, 5
= low risk)

(C20) Risk of water pollution (1 = high risk, 5 = low risk)

(C21) Risk of exhausting water sources (1 = high risk, 5 = low
risk)

(C22) Risk of air pollution (1 = high risk, 5 = low risk)

Ability to Confront

(B7) Ability to confront

(C23) Ability to confront floods (1 = very low, 5 = very high)
(C24) Ability to confront droughts (1 = very low, 5 = very high)
(C25) Ability to confront saltwater intrusion (1 = very low, 5 =
very high)

and Adapt (C26) Ability to recover after saltwater intrusion (1 = very low, 5
(A3) = very high)
- (C27) Crop season flexibility to avoid SWI (1 = very inflexible, 5

(B8) Ability to adapt a p'bl ) y y
= very flexible
(C28) Ability to confront a worsening SWI situation (1 = minor
limitation, 5 = major limitation)
(C29) Income diversity (1 = low diversified, 5 = high diversified)

oherence wit scenarios (1 = very incoherent, 5 =

C30) Coh ith CC ios (1 y incoh 5
very coherent)

(B9) Sustainability (C31) Expanding abilities (adaptation options can be upscaled)
(1 = very low, 5 = very high)
(C32) Developing abilities (adaptation options can be

Sustainability and maintained for long time) (1 = very low, 5 = very high)

Eg:f)lty (C33) Proportion of farmers impacted by SWI who can access
information about adaptation options (1 = very small
proportion, 5 = very large proportion)

(B10) Equity (C34) Proportion of farmers impacted by SWI who can apply

adaptation options (1 = very small proportion, 5 = very large
roportion)

(C35) Vulnerable groups (women, poor people, elderly) are

targeted specifically through the adaptation options (1 = low

disagreement, 5 = high agreement)

(Source: authors’ analysis, 2020).
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The second output of the first FGD was the final list of alternatives. The alternatives
needed to be applicable to address SWI problems in agriculture and include both adaptation
methods that are currently being applied, as well as other potentially valuable methods for
application in the near future (Table 2).

Table 2. Current and potential adaptation methods in both study areas.

Duy Xuyen Quang Dien

Apply new varieties of paddy rice: farmers change to new varieties that are

Alternative 1 more salt-tolerant knowing that the yield might be lower.

Switch to shrimp production: farmers convert their land into shrimp ponds

Alternative 2 and accept higher risks.

Current alternative

Plant papyrus: farmers convert their
paddy fields into papyrus fields. Papyrus Apply lotus—fish model:

. cultivation does not require a lot of farmers convert paddy fields
Alternatives 3 & 4 . . . . .
maintenance time and the cost of inputs into fishponds where lotus
is lower for papyrus than for flowers will also be cultivated

rice production.

Potential
alternative

Apply coconut—fish model: this method
involves converting land into canals No potential alternative was
where fish will be kept, while planting reported for this district.
coconut trees alongside the banks.

Alternative 5

(Source: authors’ analysis, 2020).

There are two reasons why no potential alternative was reported for the Quang Dien
district. First, the lotus—fish model was only very recently operationalized (small scale)
and was still considered to be a mostly potential alternative by many experts in the FGD.
Second, SWl-related problems in this study area are more serious than in the Duy Xuyen
district due to the fact that Quang Dien mostly suffers from saline groundwater. As a
result, it is more difficult to find a suitable adaptation option for Quang Dien district for
application in the (near) future.

In addition, the output from the first FGD helped us to draw a hierarchical tree
(Supplementary Materials I) around the main goal (problem) setting out the components,
indicators, and subindicators by which the different alternatives will be assessed. The
hierarchical tree is a nontraditional decision tree for a number of reasons, including the
fact that each level of the tree may represent a different layer of the problem (e.g., social,
political, economic) and these levels can be evaluated against each other [24]. In general,
the higher levels of the tree will represent more general characteristics of the problem,
while the more specific ones are introduced in the lower levels.

2.4.2. Scoring Alternatives

Results of AHP were gained by conducting pairwise comparison, weighting coef-
ficients for the matrix, calculating consistency rate and ranking alternatives. The AHP
technique “derives relative scales of absolute numbers known as priorities from judgments
expressed numerically on absolute fundamental scales” [49] (p. 365). The scales that were
used to pairwise compare the importance of components and indicators (subindicators)
applied ratings between 1 (equal importance) and 9 (one is of extreme greater importance
than the other), as illustrated in Table 3. One of the advantages of this technique is that it
allows independent focus on the relationship between two of the components or indicators,
while not considering the others [24].
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Table 3. Fundamental scale of absolute numbers.

Intensity of Importance Definition
1 Equal importance both elements
3 Weak importance of one element over another
5 Strong importance of one element over another
7 Very strong or demonstrated importance of one element
over another
9 Extreme importance of one element over another
2,4,6,8 Intermediate values between two adjacent judgments

(Source: How to Make a Decision: The Analytic Hierarchy Process, Thomas L. Saaty (1990).

We illustrate the weighting procedure for indicators in the hierarchical tree, which
comprises three indicators, below. Table 4 shows how pairwise comparison works by
building a pairwise comparison matrix of these indicators. The same procedure was
repeated for all components and subindicators.

Table 4. Pairwise comparison matrix of three indicators.

Indicator Indicator 1 Indicator 2 Indicator 3 Eigenvector Weight
Indicator 1 Wiy W12 Wiz W1 p1
Indicator 2 W Wpo Wa3 W2 P2
Indicator 3 W%:; W%a Wss |W3| B3

Total L Wiy L Wiy L Wiy 1

(Source: Sen (2016)).

In the above table:

1 1

Wiys= Wip + — + — 1
Y Wix nt et g, 1)
(W1 = W1/ Wiys + Wia/Wihs + Wiz/Wihs 2)
(W2| = Wi/ Wip + Wao /Wiys + Was /Wiy, (3)
[W3| = Wiys/ Wiz + Wi/ Was + Was/Wihs 4

1 1 1
B1 3| | B2 3| | B3 3| 3 )

In order to derive pairwise comparison matrices, a second FGD was conducted in each
study area individually. In these FDGs, the entire group of participants was considered
as one individual who rated the intensity of the importance of the different components,
indicators, and subindicators in a pairwise comparison. We thus considered consensus
data from the FGDs to calculate the respective weights for all levels of the components.
The consistency of judgments was checked to ensure the proportionality and transitivity of
the results by calculating the consistency ratio (CR):

CI
R = —
C R 6)
where: CI: consistency index and RI: random index.
With: A
cr = fmex 8 @)

n—1
where: A4y the eigenvalue of the matrix and n: the size of the matrix.

A consistency ratio of up to 10% is tolerable, yet slight deviations do not pose a
problem. Large deviations, however, imply that the judgments are not optimal and have to
be improved [24].

Table 5 illustrates how to come to a ranking for the different adaptation options,
we first calculated the priorities of subindicators using the weights determined in step
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2. Let vy;j be the weight for subindicator ij, so that the priorities can be calculated by the
following formula:
Priorities ((51] ) = Bi X Yij 8)

Table 5. Weight of each subindicator.

Indicator Subindicator Priorities
Subindicator 11 (7y11) n
Indicator 1 (81) Subindicator 12 (1) 412
Subindicator 13 (7y13) 413
Subindicator 21 (y51) 01
Indicator 2 (B7) Subindicator 22 (7y2;) 620
Subindicator 23 (7y23) 023
Subindicator 31 (7y31) 631
Indicator 3 (B3) Subindicator 32 (7y3p) b3
Subindicator 33 (7y33) 033

(Source: adapted from Le Thi Hoa Sen (2016).

Second, we derived the score for each adaptation option n of each subindicator through
the following formula:
Pij = ajj b 9)

where: P;;: score of adaption option 7 for the subindicator ij;
a;j: rating point of subindicator jj of alternative n (Likert scale);
d;j: priorities of subindicator ij.

Pu=) ;P (10)

where: P;: final score of adaption option 7.

To derive the final score for each adaption option, we summed up the multiplication
between the priorities of each subindicator and the ratings given to each subindicator for
each alternative. Ranking the alternatives is based on the final scores, with the highest final
score indicating the best one.

In our study, we combined two ways of weighting to obtain the final score for each
alternative, including prioritizing by pairwise comparison and rating the alternatives on
the subindicators. Hence, we asked the participants of the third FGDs to agree or disagree
(on a 1-5 Likert scale) on a number of statements related to the different subindicators
with respect to each alternative. The main reason for choosing not to apply a pairwise
comparison for all alternatives with respect to the different subindicators was that such a
procedure proved difficult to explain to local farmers—the main participants in the FGDs.
Rating the different subindicators individually was found to be more feasible and worked
better for most of the participants in our FGDs. In addition, Sen (2016) reported that such
a procedure may actually result in more accurate rankings compared to working with
pairwise comparisons [25].

After finalizing the ranking for the different alternatives considered in both study
areas, a number of sensitivity analyses were performed to identify to what extent changes
in the weights of the different components could affect the final ranking.

3. Results and Discussion
3.1. Deriving Priorities (Weights) for the Different Components and Indicators

Tables 6 and 7 show the priorities of four components with respect to the goal in both
study areas. We found that sustainability and equity obtained the highest score in both
districts, while coherence ranked the lowest. The final weights for both components were
in the same order of magnitude (0.529 and 0.454, and 0.045 and 0.061, respectively). In the
district of Duy Xuyen, efficiency was found to be the second most important component
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(0.241), followed by ability to confront and adapt (0.185), whereas in the district of Quang
Dien, the order was reversed. Here, ability to confront and adapt ranked second (0.383),
followed by efficiency (0.102).

Table 6. Pairwise comparison matrix of components (Duy Xuyen District).

Ability to Confront  Sustainability

Indicator Coherence Efficiency and Adapt and Equity Priorities
Coherence 1 1/5 1/6 1/9 0.045
Efficiency 5 1 2 1/3 0.241
Ability to
Confront and 6 1/2 1 1/3 0.185
Adapt
Sustainability
and Equity 3 3 1 0.529
Apax = 4127 CI=0.042 CR =0.047
(Source: authors’ analysis, 2020).
Table 7. Pairwise comparison matrix of the components (Quang Dien District).
. . . Ability to Confront  Sustainability .
Indicator Coherence Efficiency and Adapt and Equity Priorities
Coherence 1 1/2 1/5 1/8 0.061
Efficiency 2 1 1/4 1/5 0.102
Ability to
Confront and 5 4 1 1 0.383
Adapt
Sustainability
and Equity 5 1 1 0.454
Amax = 4.034 CI=0.011 CR=0.013

(Source: authors’ analysis, 2020).

From the FGDs, we were able to identify a number of explanations for these findings.
First, CC impacts are increasingly better understood at the local level in Vietnam, and
there is a growing awareness concerning the persistence of the problem. As a result, the
ideal adaptation method is one that can be applied in the long term—explaining the high
weight for sustainability and equity. Likewise, participants argued that problems of short-
term incoherence relating to the different adaptation methods under scrutiny should not
be given a high weight, as this incoherence can be overcome by reallocating resources
over time—e.g., investing in new technology, such as SWI warning systems; overcoming
capital requirements for some of the adaptation methods by exploring more labor-intensive
variants; delivering training courses in case farmers lack knowledge and information on
adaptation options; or adjusting crop seasons if weather conditions change marginally.
The substantial difference in the weight of ability to confront and adapt between both
districts (0.185 for Duy Xuyen vs. 0.383 for Quang Dien) can be related to the differences in
persistence of SWl-related problems. In the latter district, SWI problems are more severe
as the groundwater is saline, whereas in the former district, SWI impacts originate from
saline freshwater, which is easier to control through well-constructed pumping systems.
Noticeably, despite the fact that separate FGDs were organized in both study areas, the
rankings of the components were rather similar. This implies that the stakeholders in
the different areas envision similar CC adaptation strategies in spite of geographical and
cultural differences between both districts. The weights and priorities for all indicators and
subindicators are reported in Supplementary Materials J. We found that all CR values were
less than 0.10 (in this paper, we used Random Index’s value of Wharton), satisfying the
condition set in AHP analysis. We could thus make use of the FGD participants’ judgments
and proceed to the next steps in AHP.

After setting the priorities for all components, indicators, and subindicators through
pairwise comparisons, each adaptation method was rated on a 1 to 5 scale with re-
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spect to all subindicators. The pairwise comparison and the scores for each alternative
on the different levels are presented from Tables S6-519 in Supplementary Materials J.
Table 8 presents the final scores for the different alternatives under consideration in the
two study areas.

Table 8. Final scores for alternatives in both study areas.

Duy Xuyen District Quang Dien District
Coconut—fish model 421
Lotus—fish model 3.69
Shrimp production 3.75 3.32
New rice varieties 3.68 2.78
Papyrus cultivation 297

(Source: data analysis, 2020).

Looking at the different adaptation options solicited in the FDGs for the Duy Xuyen
district, the highest priority was given to the coconut—fish model (4.21), followed by shrimp
production (3.75), new rice varieties (3.68), and papyrus cultivation (2.97). The results in
Table 519 in Supplementary Materials J. indicate that among the four adaptation methods
that were investigated, the coconut—fish model contains the highest efficiency, ensures
equity, and is a suitable method to confront and adapt to the current SWI situation in this
study area. In the district of Quang Dien, the lotus—fish model was the most preferred
alternative (3.69), mostly because of its recent successful implementation. Next in the
ranking, we found new rice varieties (3.32) and shrimp production (2.78). The ranking
order in Table 8 partly reflects the geographical, social, and economic characteristics of
each district. Shrimp production was preferred more in Duy Xuyen than in Quang Dien
because this adaptation method can make use of the well-constructed pumping system in
the former district, reducing the risks involved.

3.2. Sensitivity Analysis

The final ranking of alternatives in an AHP might strongly depend on the weights
given to each component in the hierarchical tree. Therefore, it is necessary to perform
sensitivity analyses and explore to what extent the final scores and rankings of the alterna-
tives change with changes in the weights. This is an important step in AHP that allows
investigation of the robustness of the outcome and identifies its main drivers [50].

Figures 2 and 3 illustrate to what extent the final ranking of the adaptation methods
would change if we changed the weights of the four components. We found that using
equal weights would result in a change in the ranking of alternatives in Duy Xuyen district:
papyrus cultivation would become the second most preferred option instead of being
ranked last using the FGD weights. This is because papyrus cultivation received high
scores on the first and third component (coherence and ability to confront and adapt)—
components that were identified as less important in the FGDs. Using equal weights
increased the weights of both components from 4.5% to 25%, and from 18.5% to 25%,
respectively, improving the ranking of papyrus cultivation. Using equal weights for the
Quang Dien district did not alter the ranking of alternatives. However, the final scores for
new varieties of rice and the lotus—fish model slightly decreased because of the weight
reduction in the ability to confront and adapt component (from 38% to 25%), on which
both alternatives scored better than shrimp production. In the sensitivity analysis, we also
made use of a second alternative weight set that gave a weight of 50% to sustainability
and equity and divided the remaining 50% over the other three components. Using this
alternative weight set, we found that the coconut—fish model was still the most preferred
adaptation method in Duy Xuyen, yet new rice varieties now beat shrimp production for
second place. In the district of Quang Dien, the ranking of alternatives remained the same
for the second alternative weight set, but we observed minor changes in the final scores.
In conclusion, the AHP results were more sensitive in the Duy Xuyen district than in the
Quang Dien district. However, the rankings of alternative adaptation methods in both
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districts were relatively robust, since the order only changed when the weights for each
component changed by more than 10%.

Duy Xuyen

Papyrus (D) M Coconut-Fish (C) M Shrimp Production (B) M New varieties (A)

| 3.01
Sustainability and Equity weight leading [ 404
to equal preferences of the alternatives I 3.3879

|,y 3,

3.28

|
All criteria have the same weight I 308
| 3.20

3.82

2.98
L. . — .
Oriinal ranking | 376
I 369

Figure 2. Sensitivity analysis in Duy Xuyen district. (Source: authors’ calculation, 2020).

Quang Dien

W Shrimp Production (B) M Llotus-Fish M New varieties (A)

| |
Sustainability and Equity weight leading ﬁl% 387
to equal preferences of the alternatives I 331 ’

e 280
All criteria have the same weight IR 3.70
N 3.17

P 278
Original ranking | 3.69
I 332

Figure 3. Sensitivity analysis in Quang Dien district. (Source: authors’ calculation, 2020).

4. Conclusions

Given the multidimensional nature of climate change issues, the knowledge and
experience of different stakeholders, including researchers, local authorities, and local
farmers, need to be mobilized when addressing issues relating to saltwater intrusion. The
multidimensionality also turns decision-making related to CC adaptation into a complex
process that has to consider a wide range of criteria when investigating a range of alterna-
tive adaptation methods. Through FGDs in both study areas we found that sustainability
and equity is the most important component to be considered, while coherence is least im-
portant. These results indicate that stakeholders focus more on long-term strategies when
tackling CC issues. Among the different adaptation methods in this study, the coconut-fish
model was the most preferred adaptation method in the Duy Xuyen district, whereas the
lotus—fish model ranked first in the Quang Dien district. These priorities again reflect a
preference for long-term SWI adaptation solutions in both study areas. The FGDs revealed
a number of reasons to explain why the coconut—fish Model ranked first in Duy Xuyen.
First, this relatively recent method has been successfully applied in other areas in Vietnam,
mostly in the Mekong Delta region. Second, this model is part of the long-term strategic
plan for SWI adaptation in the Quang Nam province. Finally, the coconut—fish model can
increase farmers’ income through revenues from ecological tourism (fishing and camping
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under coconuts), which is booming in Vietnam. We also found three reasons that explain
why the lotus—fish model ranked highest in the Quang Dien district. The first reason is that
the financial revenues from this model are much higher than from the others (e.g., applying
new varieties of rice). Finally, this model involves smaller risks than switching to shrimp
production as a result of combining fish and lotus in the same ponds. Third, the technical
requirements for adaptation are not too high and match the local farmers’ abilities.

Two questions remain after this AHP analysis: (1) What can be done with its outcome
in central coastal region of Vietnam? (2) What are the broader implications from this study?

Obviously, our results are helpful for local authorities in the study area that want to
develop a long-term strategy to cope with climate change and for local farmers in making
decisions about the most suitable adaptation methods to tackle SWI. AHP has proven to
provide a solid scientific basis for policy makers to rank the adaptation measures, which has
never officially been done in Vietnam to date. Based on expert interviews, we found that,
to date, the selection of an adaptation solution by farmers has the following sequence: local
authorities (with consultations from stakeholders involved in climate change adaptation)
inform and recommend which adaptation measures are suitable for natural and social and
economic conditions. Then, if the budget is available, these adaptation methods will be
tested locally as the demonstration models to which farmers can refer. If there is no budget,
local authorities can organize field trips (with the involvement of farmers’ representatives)
to regions where these adaptation methods have been successfully implemented. For new
adaptation measures, the authorities will provide technical assistance but, financially, the
vast majority of farmers have to borrow capital to implement the project by themselves. It
is important that the local authorities present suitable adaptation methods to farmers, as
we found that many of them intended to apply at least one adaptation method in the next
five years based on the FGDs and field observations in this project. Whether all farmers
switch their activities to the most preferred adaptation method for the area in which they
live remains questionable. Through FGDs and in-depth interviews, we learned that the
coconut—fish and lotus—fish models are the optimal long-term adaptation methods. These
methods have high demands in terms of capital and land surface, not allowing farmers to
switch easily in the near future. Moreover, food security through rice production is still a
dominant priority in the policies of the Vietnamese Government, so that local authorities
might want to control the percentage of paddy field plots that move to new alternatives
in the future. However, given the capital requirements involved in SWI adaptation, the
possibility of all farmers moving to the new alternatives at the same time in the near future
is nonexistent in either study area. One final issue for local authorities that came out of our
research was the fact that the linkages between local authorities, agribusiness companies,
and farmers are rather weak. In order to address the uncertainties that farmers face when
it comes to market conditions, local authorities can facilitate the relations between farmers
and agribusiness companies (e.g., by supporting contract farming through guarantees for
the different parties involved). Reliable market forecasts were reported in the FGDs to be
essential in this process.

On a more general level, our research has underlined once again the potential of MCA
techniques (and AHP in particular) to address the complexity involved in CC adaptation. In
doing so, it adds to the literature on the effectiveness of AHP to support (local) authorities
in ranking alternative adaptation methods. Several elements in our research are valuable for
other ranking exercises. First, the data collection process that we designed illustrates how
to make optimal use of the expertise of different stakeholders involved in local agriculture
processes Next, the set of components and indicators that we have developed can be used
in other studies that focus specifically on SWl issues, bearing in mind differences between
study regions. In the context of rising sea levels becoming increasingly serious [7], SWI is
an inevitable consequence that many areas both within and beyond Vietnam will face in the
near future [12]. Our study provides a starting point to help areas that have similar social
and natural conditions to find the most effective adaptation measures, thereby saving time
and resources. Additionally, for other regions that are suffering different impacts from
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climate change, the AHP method outlined by this paper can be considered to rank different
suitable adaptation options in the design of climate change adaptation strategies.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2071-105
0/13/4/2311/s1, Figure S1: Stakeholders involved in climate change adaption, Figure S2: Hierar-
chical tree, Table S1: Research applying the AHP method in adapting to CC, Table S2: Background
information on the FGDs, Table S3: Table of potential indicators, Table S4: Short list of indicators,
Table S5: List of 11 alternatives, Table S6: Pairwise comparison matrix of indicators with respect to
A1l and A2 in Duy Xuyen district, Table S7: Pairwise comparison matrix of indicators with respect to
A3 and A4 in Duy Xuyen district, Table S8. Pairwise comparison matrix of subindicators with respect
to B1, B2, and B3 in Duy Xuyen District, Table S9. Pairwise comparison matrix of subindicators
with respect to B4, B5, and B6 in Duy Xuyen district, Table S10. Pairwise comparison matrix of
subindicators with respect to B7 and B8 in Duy Xuyen district, Table S11. Pairwise comparison matrix
of subindicators with respect to B9 and B10 in Duy Xuyen district, Table S12. Pairwise comparison
matrix of indicators with respect to Al and A2 in Quang Dien district, Table S13. Pairwise com-
parison matrix of indicators with respect to A3 and A4 in Quang Dien district, Table S14. Pairwise
comparison matrix of subindicators with respect to B, B2, and B3 in Quang Dien district, Table S15.
Pairwise comparison matrix of subindicators with respect to B4, B5, and B6 in Quang Dien district,
Table S16. Pairwise comparison matrix of subindicators with respect to B7 and B8 in Quang Dien
district, Table S17: Pairwise comparison matrix of subindicators with respect to B9 and B10 in Quang
Dien district, Table S18: Scoring alternatives in Duy Xuyen district, Table S19: Scoring alternatives in
Quang Dien district.
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