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ABSTRACT 

 

The aim of this study is to propose priority strategies for agricultural development amidst 

drought in Ninh Thuan province, Vietnam. In the context of drought, the agricultural 

sector faces significant challenges due to the impact of both natural and socio-economic 

factors. In order to conduct this research and propose effective strategies, the study 

utilized the SWOT analysis model via the TOWS matrix, delineating 15 strategies to 

pinpoint the most fitting approach for the agricultural sector. The study quantified and 

ranked factors within the SWOT analysis and prioritized strategies using the Fuzzy 

Analytic Network Process (FANP). The outcomes identified advantageous strategies for 

agricultural production, emphasizing the evaluation and identification of drought while 

focusing on market development for economically valuable agricultural products based 

on primary crops. The step-by-step application of these prioritized strategies aims to 

contribute to the sustainable development of agricultural production in Ninh Thuan 

province and facilitate the utilization of a multi-criteria decision-making model in 

resource and environmental management. 
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1. Introduction 

Agriculture is an industry that plays a critical role in economic growth and development 

and is also the foundation for the development of human society (Blandford, 2011). It is 

an essential industry in transforming economies, ensuring food security, and improving 

nutrition (Lin, 2018). According to Food and Agriculture Organization (FAO) statistics, 

mailto:nhtuansg@gmail.com


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

2 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

2019 the main crop output reached 9.5 billion tons and contributed significantly to 

ensuring global food security (FAO, 2021). According to the FAO’s forecast, food 

production demand will increase by about 70% with the population by 2050 worldwide 

(FAO, 2011). With the impact of climate change, agricultural production is facing many 

difficulties and is also a vulnerable sector (FAO, 2013; Gil et al., 2013; Zhai & Zhuang, 

2012). 

 

In addition to the impact of climate change, drought is a natural disaster that affects 

livelihoods and food security in the world (Bordi & Sutera, 2007; GSA, 2006; Jenkins, 

2011; Tadesse et al. al., 2008; Tannehill, 1947; UNDP, 2012; UNISDR, 2009). Because 

the mechanism of action of drought is very complex (Bordi & Sutera, 2007; UNISDR, 

2009; Wilhite, 2014), controlling drought and its timing is not possible (Correia, 2007). 

Because drought is a severe escalator, this natural disaster causes significant losses 

worldwide (Esfahanian et al., 2017; Gillette, 1950; Jahangir et al., 2013; Wilhite, 2000; 

Wilhite, 2014). From 1970-2000, the drought rate increased by 30% worldwide (Dai et 

al., 2004); in 1960, drought caused  up to 40 billion USD of damage, and in 1980 it 

caused up to 120 billion USD of damage (Domeisen, 1995). In Australia, from 1993-

2006, the incidence of drought increased by an average of 20% per year (Henry et al., 

2007) and had periods of loss of up to 3 billion Australian dollars (ABARES, 2012). In 

the European Union, the total economic loss over 30 years was at least 100 billion euros, 

and in Spain, cereal production is down 42% with a loss of almost 8 billion euros 

(Correia, 2007). In the United States, an average annual loss of 6 to 8 billion dollars 

(Wilhite, 2000) is due to drought, and more than 17,000 people were unemployed as a 

result (Koba, 2014). 

 

According to an Intergovernmental Panel on Climate Change (IPCC) report, the global 

climate will continue to change. The earth will become warmer, and higher temperatures 

will increase the risk of drought at high levels on the global level (IPCC, 2007). Climate 

change makes drought conditions more prevalent and severe (Cancelliere et al., 2007), 

while also impacting rainfall patterns worldwide (UNESCO, 2014). Therefore, 

considering the effects of climate change and drought, it is necessary to find solutions to 

help each country’s agricultural activities adapt well. Solutions to help stabilize 

agricultural production must be based on an overall assessment of the region’s conditions 

and must identify an interdisciplinary role in proposing solutions. 

 

MCDM methods are easy to combine with other methods to produce the best results for 

the analyst. SWOT analysis and fuzzy logic are good examples of a beneficial 

combination. A SWOT analysis is a qualitative method through MCDM to quantify the 

weights in each factor of the SWOT group. Combining fuzzy logic and MCDM helps 

remove uncertainties and creates better specific results (Kaya et al., 2019). Arsić et al. 

(2017) is one typical study that combines SWOT, Fuzzy, and MCMD by using a 

combined SWOT-ANP-FANP model to determine priority strategies for the sustainable 

development of ecotourism in Djerdap National Park Serbia. The study filled a gap in the 

literature by promoting the concept of ecotourism strategy and contributes to expanding 
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the methodology in ecotourism. It provides valuable insights for decision-makers dealing 

with similar challenging situations. However, the article’s limitation lies in its narrow 

discussion of the challenges or potential constraints in implementing strategies and its 

lack of comprehensive analysis of ecological impacts and measures to mitigate any 

adverse effects. Aghasafari et al. (2020) identified the best strategies for developing 

organic agriculture by combining SWOT-FANP. The article highlights the challenges 

involved in meeting the increasing food demand due to population growth and limitations 

in efficiently utilizing natural resources, energy, and agricultural land. However, this 

study lacks a detailed discussion of the limitations of these methods or potential biases 

that may arise from their application. Another research study sought to develop a science 

and technology strategy based on SWOT and FMADM analysis in Iran (Khatir & 

Akbarzadeh, 2019). The article introduced a comprehensive approach that combined the 

Decision-Making Trial and Evaluation Laboratory (DEMATEL) with the Fuzzy Network 

Process (ANP), termed FDANP, to assess the shortcomings of SWOT analysis in 

prioritizing sub-factors and strategies.  

 

The article did not explicitly address any other limitations or constraints of the proposed 

FDANP method or the study itself. The findings and conclusions might not directly 

translate to other organizations or industries, necessitating further research to assess its 

effectiveness in different contexts. Ligus and Peternek (2018) identified low-emission 

energy technology development in Poland using the integrated fuzzy AHP-TOPSIS 

method. The study also proposed a hybrid MCDM model based on the FAHP and 

FTOPSIS to evaluate and prioritize low-emission energy technologies in Poland. The 

results obtained from the hybrid MCDM model were compared with outcomes from 

conventional decision-making models and the combined FAHP model, demonstrating the 

applicability and consistency of the proposed approach. 

 

In summary, several prominent studies have effectively applied a MCDM approach in 

various fields. These studies involved experts to assess criteria through quantitative and 

qualitative analyses, often leveraging fuzzy logic. The studies demonstrated the extent of 

using algorithms within MCDM and their integration with diverse methodologies. 

However, a less explored aspect in these studies is the comprehensive analysis of the 

impact of natural and socio-economic factors on strategies based on in-depth discussions. 

 

 

2. Research organization  

Based on these exemplary studies, MCDM models were chosen for this research because 

the methods within MCDM are easily applicable and allow for comprehensive evaluation 

of both natural and socio-economic factors. Applying MCDM models is significant as it 

provides local authorities and policymakers with a more objective tool for strategic 

selection. The use of fuzzy logic allows for uncertainty when assessing criteria. Fuzzy 

MCDM models can handle imperfect and uncertain data and information, aiding 

policymakers in making more informed decisions. Additionally, applying MCDM models 
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with fuzzy logic aids in the holistic evaluation and assessment of specific natural and 

socio-economic conditions, demanding agricultural policies be flexibly constructed and 

aligned with reality. Policies must address the overall complexities and conflicts in arid 

agricultural regions by accessing various factors. The Analytic Network Process (ANP) 

method is suitable for complex decision-making scenarios with multiple interacting 

criteria. Lastly, the ANP efficiently handles these relationships and considers quantitative 

and qualitative factors elicited from expert judgments. 

 

To determine priority solutions for agricultural production in Ninh Thuan, Vietnam, the 

study utilized a combined model of SWOT analysis with fuzzy logic and ANP called T-

FANP. Figure 1 describes the basic steps involved in the study. 

 

 
Figure 1 Research framework 

 

 

3. Solutions for agricultural development in Ninh Thuan 

Ninh Thuan is a province on the south-central coast of Vietnam. Ninh Thuan has a 

geographical coordinate system: 110 18’14” to 110 09’45” North latitude and 108 39’ 

08” to 1090 14’ 25” East longitude (Figure 2). It borders Khanh Hoa province to the 

north, Binh Thuan to the south, Lam Dong to the west, the East Sea to the east, and about 

350 km southwest of Ho Chi Minh City center. 
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Figure 2 Map of Ninh Thuan Province, Viet Nam 

 

Agriculture is an important economic sector in Ninh Thuan province and contributes to 

more than 30% of the GDP of the economic base (Ninh Thuan General Statistics Office, 

2020). However, in recent years, the agricultural sector has faced many difficulties 

related to the impact of drought. According to Vietnamese scientists, Ninh Thuan is one 

of the provinces in Vietnam with the most drought and desert, and this has an enormous 

impact on the agricultural sector (Vinh & Huong, 2013). During the Winter-Spring crop 

of 2012-2013, Ninh Thuan province experienced drought and prolonged sunny spells, 

which significantly impacted production. The total damage amounted to 4,486 hectares 

out of a total area of 6,590 hectares. The crop damage rate ranged from 30% to 70%, with 

all tobacco plants being affected (DARD, 2017). During the 2014-2015 Winter-Spring 

crop, the drought in Ninh Thuan caused significant damage resulting in 6,100 hectares of 

unproductive crops, including 3,214 hectares of rice crops and 2,886 hectares of short-

term crops, and indirectly over 30 trees (DNRE, 2015). According to a report by the Ninh 

Thuan Provincial People’s Committee (2016), the drought caused 1,066 hectares of tree 

damage, of which 204 hectares were lost, and 862 hectares had reduced yield. According 

to statistics showing a lack of water resources, the integrated production of the Winter-

Spring crop of 2019-2020 was 7,873.8 hectares (rice: 4,556.5 hectares, cash crops: 

3,317.3 hectares), with 397.8 hectares of damaged rice area due to drought in the 

province (Binh, 2020). 

 

Due to the severe effects of drought on agricultural production, many government 

agencies, localities, and scientists have proposed multiple solutions for the agricultural 

sector of Ninh Thuan. The national level has proposed the promotion of science and 
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technology and new technology in agriculture and a national program on desertification 

prevention. At the local level, irrigation development and policies to form specialized 

agricultural areas with high-technology applications, solutions for developing local staple 

crops and adaptive crops have been proposed (DARD, 2014). The solutions offered to 

Ninh Thuan during the drought period have been specific rather than general solutions.  

 

This study conducted an expert survey using two online and in-person forms to select 

local solutions. The expert survey involved interviewing 15 experts, including four 

experts who make policies for agricultural development in Ninh Thuan province and 11 

experts with extensive experience in resource management, irrigation, and agriculture 

who have conducted national-level research for agricultural development in Ninh Thuan. 

The online survey was conducted over a period of two months, and the face-to-face 

interviews were conducted over two weeks. This research proposes 15 alternative 

solutions: 

 

1. Focus on investing in crops with high economic value. 

2. Expand the market for agricultural products. 

3. Re-plan cultivation areas according to the strengths of each locality.  

4. Develop a policy framework and crop conversion for drought-stricken areas. 

5. Call for scientific research projects in the field of agriculture adaptation. 

6. Call for investment in irrigation systems according to key areas of cultivation 

7. Change the farming model for crops to suit irrigation water conditions. 

8. Increase investment and expand and upgrade irrigation systems. 

9. Support businesses to invest in applying science and technology to hi-tech 

agricultural production. 

10. Promote the people’s ability for and experience of self-adaptation in agricultural 

production.  

11. Adjust planting time. 

12. Develop insurance policies in agricultural production. 

13. Train human resources, increasing investment in disaster warning and monitoring 

systems. 

14. Assess the impact of drought for each region, each type of farming 

15. Identify drought risks for each locality and each type of farming. 

 

 

4. Development of T-FANP model for priority solution 

The T-FANP model combines many different methods and algorithms in MCDM, 

including the SWOT analysis method with the TOWS matrix and the network analysis 

process method with fuzzy logic. 

 
4.1. SWOT analysis and TOWS matrix 

The SWOT analysis was established in the business sector in the 1960s and 1970s and is 

used worldwide (Humphrey, 2005; Sidharth Thakur, 2010). The basic foundation of the 
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SWOT analysis is to exploit internal (strengths, weaknesses) and external (opportunities, 

threats) factors based on the assessment of the characteristics of a particular sector. The 

analysis of the internal factors of the SWOT group will help analysts obtain an overview 

of their specific problem in order to propose solutions to adapt and develop in the future. 

Currently, the SWOT analysis is used not only in the economic field but also in the social 

and environmental fields (Arabzad et al., 2015; Catron et al., 2013; Dyson, 2004; Hung, 

2013; Kallioras et al., 2010; Nathan, 2007). A SWOT analysis is very important for 

organizations because strategic factors within the SWOT group can affect the future of 

that organization (Kabak et al., 2016). The weakness of the SWOT analysis is that it does 

not assess the importance of the factors. Failure to quantify the importance of factors can 

lead to a lack of assessment of each sub-factor’s impact on the SWOT group’s 

components (Arsić et al., 2017; Haque et al., 2020; Hill & Westbrook, 1997; 

Wickramasinghe & Takano, 2009). 

 

Weihrich (1982) developed the TOWS matrix through SWOT analysis for developing 

alternative solutions. The TOWS matrix helps align a company’s strengths and 

weaknesses, and opportunities, and threats (Kabak et al., 2016). The analyst can develop 

solutions through the matrix by linking the external components to the internal and vice 

versa (Sevkli et al., 2012). The TOWS matrix allows analysts to develop multiple 

strategies based on four pairs of strategies, namely SO (strengths – opportunities), WO 

(weaknesses – opportunities), ST strategies (strengths – threats), and WT strategy 

(weaknesses – threats) (Arsić et al., 2017; Asadpourian et al., 2020; Sevkli et al., 2012). 

With the TOWS matrix, it is possible to see the priority on external factors (T-O), and 

when performing the analysis, it is necessary to pay attention to the change in the internal 

environment because this change will entail a change in other factors.  (Arsic et al., 2017; 

Weihrich, 1982) 

 

4.2. Fuzzy Analytic Network Process (FANP) 

Zadeh introduced the theory of fuzzy sets and fuzzy numbers in 1965 to solve problems 

of an uncertain nature due to inaccuracies or lack of clarity in information (Linh et al., 

2016). This theory has been studied in science, hypothesis testing, management science, 

and applied techniques for analyzing uncertain information (Dağdeviren & Yüksel, 

2010). Along with fuzzy logic, the ANP rescue analysis is a nonlinear cluster and 

network approach that covers all directions (Sevkli et al., 2012). This method helps the 

analyst consider the interdependence between the primary and secondary indicators and 

rank the criteria (Shakoor et al., 2014). The FANP model combines an ANP algorithm 

and a fuzzy logic process. The FANP is a quantitative method in MCDM (Koupaei et al., 

2015). People’s perceptions and judgments are often unclear, so there is a need for fuzzy 

descriptions in multi-criteria analysis (Sevkli et al., 2012). The FANP uses the concept of 

fuzzy set theory to handle the uncertainty of the input documents during data analysis 

(Kahraman, 2012). The ANP algorithm using fuzzy theory (F) is a meaningful choice to 

replace the word discrete scale of the ANP with the Triangular Fuzzy Number (Arsic et 

al., 2017). In MCDM research, most triangular fuzzy numbers are used because they 
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allow simple calculations and are not too complicated compared to trapezoids, pentagons 

and spheres. 

 
4.3. T-FANP model 

The T-FANP model used in this study is a combination of two qualitative and 

quantitative methods. FANP analysis makes it easier to quantify the factors in the TOWS 

matrix. This MCDM model has been used in many areas of research, such as energy 

policy in Turkey (Kabak et al., 2016), strategic decision support in a complex 

biopharmaceutical industry situation in Taiwan (Lee, 2013); a model for prioritizing 

strategies for sustainable development of ecotourism in Djerdap National Park, Serbia 

(Arsic et al., 2017); field installation of water projects and energy in Tehran (Partani et 

al., 2013); and prospective assessment of methanol vehicles in China (Li et al., 2020). 

The research employs both Saaty’s 9-point scale and the fuzzy triangular scale in Sevkli 

and Arsić’s study (Saaty, 1996; Sevkli et al., 2012; Arsić et al., 2017) (Table 1). 

 

Table 1 

Values of the Saaty scale and Triangular Fuzzy Number (TFN) 

 

Definition scale for the importance 
Saaty 

scale 
TFN 

TFN scale 

Bottom Medium Top 

Equally important 1 1̃ 1 1 1 

Equal to moderate importance 2 2̃ 1 3/2 3/2 

Moderately important 3 3̃ 1 2 2 

Moderately to strongly important 4 4̃ 3 7/2 4 

Strongly important 5 5̃ 3 4 9/2 

Strongly to very strongly important 6 6̃ 3 9/2 5 

Very strongly important 7 7̃ 5 11/2 6 

Very strongly to extremely important 8 8̃ 5 6 7 

Extremely important 9 9̃ 5 7 9 

 

Because the consistency ratio (CR) is used to assess the degree of inconsistency of the 

assessments in the ANP method, the CR calculation results also reflect the extent of 

scoring or evaluating components in the ANP analysis. CR results of 0.1 (< 10%) are 

acceptable and if CR > 0.1 (≥ 10%), the results need to be reviewed in the previous 

evaluation process (Hussey, 2014; Mu, 2021; Saaty & Vargas, 2012; Yavuz & Baycan, 

2014). The process and steps to apply the T-FANP model to agriculture in Ninh Thuan 

province are listed below and depicted in Figure 3. 

 

Step 1: SWOT analysis identity and TOWS matrix. 

Step 2: Quantify a fuzzy matrix of factors in the SWOT group: 𝑤̃1 

Step 3: Calculate the dependent matrix inside the SWOT group:  𝑤̃2  

Step 4: Quantify a fuzzy matrix: 𝑤̃factor_SWOT  = 𝑤̃2 × 𝑤̃1 



IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

9 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

Step 5: Weight the local matrix: 𝑊̃sub_SWOT(local)   

Step 6: Weight the global fuzzy matrix:  𝑊̃3 = 𝑊̃sub_SWOT(Global)  = 𝑊̃factor_SWOT × 

[
 
 
 
 
 W̃sub_factors(S)

 W̃sub_factors(W)

 W̃sub_factors(O)

 W̃sub_factors(T) ]
 
 
 
 

  

Step 7 Employ a fuzzy weighted matrix to assess the importance of alternative strategies: 

𝑊̃4 

Step 8: Calculate overall fuzzy solution: 𝑊̃alternatives = 𝑊̃4 × 𝑊̃3 

Step 9: Normalize values: Ẃalternative = Walternatives × W̃alternative(factors)

 

 
Figure 3 Process of the T-FANP model 

 
4.4. Applying the T-FANP model 

Step 1 

This is the first and critical step in selecting priority alternatives in agriculture in Ninh 

Thuan. The TOWS matrix was built based on an assessment of internal and external 

documents from Ninh Thuan, a survey of experts, and the selection of factors in each 

component of the SWOT sub-factors. In particular, the research focused on essential data 

from the locality, that is, data on local planning and agricultural area development 

projects, and local scientific research work (Tuan et al., 2012; DARD, 2014; Tuan & 

Canh, 2021a, 2021b).  
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Based on the above data sources, the study proposed a TOWS matrix for the agricultural 

sector in Ninh Thuan (Table 2). Table 2 illustrates that the research area has nine 

weaknesses (W), seven strengths (S), six opportunities (O), and six challenges (T). 

Through the TOWS matrix, the evaluation of the network of internal and the external 

factors of the SWOT factor, the research proposed 15 alternative solutions. Within the 

SO solution group, the research proposed three solutions focusing on the production of 

crops with high economic value (SO1), expanding the market (SO2), and re-planning the 

agricultural area according to local strengths (SO3). Within the ST solution group, the 

study proposed three solutions including upgrading the irrigation system (ST1), investing 

in science-technology (ST2), and promoting farmers’ experience (ST3). Within the group 

of WO solutions, the study proposed four solutions to minimize the weaknesses including 

building production conversion policies (WO1), strengthening agricultural scientific 

research (WO2), investing in watering systems (WO3), and changing farming patterns to 

water sources (WO4). Within the group of WT solutions, the study proposed five 

solutions which focus on adjusting production time (WT1), insurance for agriculture 

(WT2), training human resources (WT3), assessing the impact of drought at the local 

level (WT4), and determining drought risk for each cultivating (WT5). 
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Table 2 

TOWS matrix for agriculture in Ninh Thuan 

 
Internal factors 

Strengths (S) Weaknesses (W) 

S1. Diverse terrain and soil 

S2. Number of days and hours of sunshine are 

favorable for growing annual crops. 

S3. Irrigation system has been gradually upgraded 

and invested in. 

S4. People have extensive experience producing in 

drought conditions. 

S5. Policies exist to attract and apply science and 

technology to the agricultural sector. 

S6. Policy on planning high-tech agricultural clusters 

S7. Many critical crops with high economic value 

W1. Water resources in reservoirs and groundwater are increasingly 

depleted. 

W2. Dry season is long, and the potential evapotranspiration is high. 

W3. Average annual rainfall is low and very unevenly distributed. 

W4. Drought often occurs in the dry season, and soil degradation is 

ongoing. 

W5. Agricultural production is also very dependent on nature 

W6. People’s ability to proactively prevent and mitigate the impacts of 

natural disasters is still low. 

W7. Agricultural land is decreasing due to industrialization and 

urbanization. 

W8. Forecasting and warning of natural disasters are still limited and not 

close to reality. 

W9. Shortage of qualified human resources in disaster management. 

External factors 

Opportunities (O) SO- Solution WO - Solution 
O1. Support crop conversion for drought areas. 
O2. Trend of applying science-high technology to 

sustainable agricultural production and 

adapting to drought 
O3. Policy on restructuring the agricultural sector 

and forming regional linkage chains for 

critical products. 
O4. Close to the large agricultural product 

consumption market in Ho Chi Minh City. 
O5. Linking domestic and foreign scientific 

research in the field of climate change 
O6. Concerns of NGOs about the impact of 

drought and climate change on socio-

economics. 

SO1. Focus on investing in crops 

with high economic value. 

SO2. Expand the market for 

agricultural products. 

SO3. Re-planning cultivation areas 

according to the strengths of 

each locality 

WO1. Policy framework development and 

crop conversion for drought-stricken 

areas 

WO2. Call for scientific research projects in 

the field of agriculture adapt. 

WO3. Call for investment in irrigation 

systems according to key areas of 

cultivation 

WO4. Changing the farming model for crops 

to suit irrigation water conditions. 

Threats (T) ST- Solution WT- Solution  

T1. Trend increase in weather extremes in the 

context of climate change 

T2. Flow volume in the dry season tends to 

decrease. 

T3. Drought and desertification are on the rise. 

T4. Irrigation development policies of 

neighboring areas affect water resources. 

T5. Trend of shifting labour in agriculture to 

other fields 

T6. No insurance policy for agriculture 

ST1. Increase investment, expand 

and upgrade irrigation 

systems. 

ST2. Supporting businesses to 

invest in applying science 

and technology to hi-tech 

agricultural production. 

ST3. Promote the people’s ability 

and experience of self-

adaptation in agricultural 

production. 

WT1. Adjust planting time. 

WT2. Develop insurance policies in 

agricultural production 

WT3. Train human resources, increasing 

investment in disaster warning and 

monitoring systems. 

WT4. Assess the impact of drought for each 

region, each type of farming 

WT5. Identify drought risks for each locality 

and each type of farming 
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Step 2 

In constructing a set of weights for factors in SWOT analysis, we compared matrices of 

pairs with relative importance according to TFN with scores ranging from 1 to 9 (Table 

3). In this step, based on a review of the SWOT aspects, experts compared each factor in 

pairs and compared the factors of the S with the factors of the W, O, and T, respectively. 

The study compared and assigned scores to each pair. The resulting weight calculation 

for the SWOT factors is the matrix 𝒘̃𝟏. 

 

Table 3 

Triangular fuzzy scale of SWOT factors 

 

SWOT Group S W O T TFN of SWOT factors 

Bottom Medium Top 

Strengths (S) 1̃ 2̃ 2̃ 3̃ 0.22439 0.35352 0.39757 

Weaknesses (W)  1̃ 0,5̃ 2̃ 0.20276 0.21933 0.27297 

Opportunities (O)   1̃ 1̃ 0.22439 0.24272 0.27297 

Threats (T)    1̃ 0.17050 0.18443 0.27297 

CR: 0.06        

 

A matrix 𝒘̃𝟏 is defined as follows: 𝑤̃1 = [

0.22439 0.35362 0.39757
0.20276 0.21933 0.27297
0.22439 0.24272 0.27297
0.17050 0.18443 0.27297

] 

Step 3 

In this step, the research compared the internal dependence of the factors in the SWOT 

group by comparing each factor based on the TFN value. Combining the SWOT and 

ANP analyses helps assess the value of the factors more appropriately because the values 

of SWOT are not always independent. Experts calculated the interdependencies between 

the SWOT criteria using phased assessments. If a factor was missing in the SWOT 

analysis, experts scored its position on a scale of 1 to 9. A matrix 𝑤̃2 was built based on 

the evaluation of the internal dependence according to the pairwise comparison of each 

element S – WOT, W – SOT, O – SWT, and T – SWO. The results of this step are shown 

in Tables 4-7. 
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Table 4 

Internal interdependence matrix of SWOT group concerning Strengths (S) 

 

Strengths (S) W O T 
TFN relative weight of importance 

Bottom Medium Top 

Weaknesses (W) 
1̃ 

1

4

̃
 

1

4

̃
 0.27792 0.15669 0.19515 

Opportunities (O)  1̃ 2̃ 0.38540 0.47830 0.42958 

Threats (T)  
 

1̃ 0.33668 0.36501 0.37527 

CR:0.06       

 

Table 5 

Internal interdependence matrix of SWOT group concerning Weaknesses (W) 

 

Weaknesses (W) S O T 
TFN relative weight of importance 

Bottom Medium Top 

Strengths (S) 1̃ 3̃ 4̃ 0.37577 0.56315 0.71781 

Opportunities (O) 
 

1̃ 3̃ 0.20680 0.26747 0.41084 

Threats (T) 
  

1̃ 0.14338 0.16938 0.24885 

CR: 0.09       

 

Table 6 

Internal interdependence matrix of SWOT group concerning Opportunities (O) 

 

Opportunities (O) S W T 
TFN relative weight of importance 

Bottom Medium Top 

Strengths (S) 1̃ 3̃ 3̃ 0.39458 0.52454 0.63399 

Weaknesses (W)  1̃ 2̃ 0.23900 0.30181 0.39939 

Threats (T)   1̃ 0.15056 0.17365 0.24191 

CR: 0.01       
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Table 7 

Internal interdependence matrix of SWOT group concerning Threats (T) 

 

Threats (T) S W O 
TFN relative weight of importance 

Bottom Medium Top 

Strengths (S) 1̃ 3̃ 2̃ 0.30225 0.48687 0.54845 

Weaknesses (W) 
 

1̃ 
1

3

̃
 0.23990 0.17555 0.24915 

Opportunities (O) 
  

1̃ 0.33267 0.33758 0.34550 

CR: 0.06       

 

The dependency matrix of factors in the SWOT analysis was in the matrix 𝑤̃2: 

 

𝑤̃2 =    [

1.00000 1.00000 1.00000
0.27792 0.15669 0.19515
0.38540 0.47830 0.42958
0.33668 0.36501 0.37527

0.37577 0.56315 0.71781
1.00000 1.00000 1.00000
0.20680 0.26747 0.41084
0.14338 0.16938 0.24885

0.39458 0.52454 0.63399
0.23900 0.30181 0.39939
1.00000 1.00000 1.00000
0.15056 0.17365 0.24191

     

0.30746 0.45996 0.47231
0.24403 0.17551 0.22706
0.38737 0.40181 0.32748
1.00000 1.00000 1.00000

] 

 

Step 4 

In this step, the values of the SWOT factor and the values of the internal dependencies of 

the factors together were adjusted through the matrix 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑠. The adjustment matrix 

𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑠 is calculated by multiplying the matrix 𝑊̃1 with the matrix 𝑊̃2.  

The matrix 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑠  is shown below: 

 

𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑠 = 𝑊̃2 𝑥 𝑊̃1 =  

 

   [

1.00000 1.00000 1.00000
0.27792 0.15669 0.19515
0.38540 0.47830 0.42958
0.33668 0.36501 0.37527

0.37577 0.56315 0.71781
1.00000 1.00000 1.00000
0.20680 0.26747 0.41084
0.14338 0.16938 0.24885

0.39458 0.52454 0.63399
0.23900 0.30181 0.39939
1.00000 1.00000 1.00000
0.15056 0.17365 0.24191

     

0.30746 0.45996 0.47231
0.24403 0.17551 0.22706
0.38737 0.40181 0.32748
1.00000 1.00000 1.00000

]    

𝑥 

[

0.22439 0.35362 0.39757
0.20276 0.21933 0.27297
0.22439 0.24272 0.27297
0.17050 0.18443 0.27297

] 

= 

[

0.28866 0.34341 0.34199
0.23558 0.18952 0.19918
0.27382 0.27136 0.24644
0.20194 0.19571 0.21239

] 

 

Step 5 

The priority of the criteria in each component 𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠  was calculated. In this step, 

pairwise comparisons of each factor within S, W, O, and T of the SWOT analysis were 

made and the results are presented in Tables 8-11 
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Table 8 

Internal interdependence matrix of S ( 𝑊̃𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑆)
) 

 

S S1 S2 S3 S4 S5 S6 S7 
TFN relative weight of importance 

Bottom Medium Top 

S1 1̃ 2̃−1 2̃−1 2̃−1 3̃ 2̃ 2̃ 0.12975 0.14293 0.16021 

S2  1̃ 2̃−1 2̃ 2̃ 3̃ 3̃ 0.13749 0.18775 0.19861 

S3   1̃ 3̃ 3̃ 2̃ 3̃ 0.14569 0.21966 0.21928 

S4    1̃ 2̃−1 2̃−1 2̃ 0.11752 0.11725 0.14510 

S5     1̃ 2̃−1 1̃ 0.10644 0.10619 0.14510 

S6      1̃ 2̃ 0.11752 0.13165 0.16293 

S7      
 

1̃ 0.08946 0.09458 0.15376 

 CR: 0.07 

 

Table 9 

Internal interdependence matrix of W ( 𝑊̃𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑤)
) 

 

W W1 W2 W3 W4 W5 W6 W7 W8 W9 
TFN relative weight of importance 

Bottom Medium Top 

W1 1̃ 2̃ 2̃ 3̃ 3̃ 2̃ 2̃−1 3̃−1 2̃−1 0.10460 0.12471 0.15343 

W2  1̃ 2̃ 3̃ 3̃ 2̃ 3̃−1 3̃−1 3̃−1 0.11298 0.11376 0.14861 

W3   1̃ 2̃−1 2̃−1 2̃ 3̃−1 4̃−1 3̃−1 0.09559 0.06978 0.09120 

W4    1̃ 3̃ 2̃ 3̃−1 2̃−1 2̃−1 0.07117 0.07605 0.09120 

W5     1̃ 2̃ 2̃−1 2̃−1 3̃−1 0.07117 0.07605 0.09540 

W6      1̃ 2̃−1 2̃−1 5̃−1 0.08735 0.06365 0.09120 

W7       1̃ 3̃−1 3̃−1 0.12599 0.12492 0.11129 

W8        1̃ 2̃−1 0.16605 0.17521 0.10639 

W9         1̃ 0.16509 0.18255 0.11129 

CR: 0.09 

 

Table 10 

Internal interdependence matrix of O ( 𝑊̃𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑜)
) 

 

O O1 O2 O3 O4 O5 O6 
TFN relative weight of importance 

Bottom Medium Top 

O1 1̃ 2̃ 2̃ 3̃ 4̃ 5̃ 0.18635 0.29476 0.38743 

O2 
 

1̃ 3̃−1 2̃ 3̃ 3̃ 0.12077 0.16586 0.22368 

O3 
  

1̃ 3̃ 4̃ 3̃ 0.16280 0.24067 0.29566 

O4 
   

1̃ 3̃ 3̃ 0.09585 0.13811 0.23467 

O5 
    

1̃ 3̃ 0.06461 0.08671 0.14496 

O6           1̃ 0.06335 0.07388 0.15509 

CR: 0.07 
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Table 11 

Internal interdependence matrix of T ( 𝑊̃𝑠𝑢𝑏𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑇)
) 

 

T T1 T2 T3 T4 T5 T6 
TFN relative weight of importance 

Bottom Bottom Bottom 

T1 1̃ 2̃−1 2̃ 2̃ 2̃−1 2̃−1 0.14144 0.14790 0.17611 

T2 
 

1̃ 2̃ 2̃−1 2̃−1 3̃−1 0.15133 0,14097 0.15711 

T3 
  

1̃ 2 2̃−1 2̃−1 0.12356 0.12920 0.17635 

T4 
   

1̃ 3̃−1 4̃−1 0.13220 0.10693 0.13342 

T5 
    

1̃ 3̃−1 0.19445 0.19380 0.16809 

T6         1̃ 0.25702 0.28120 0.18868 

CR: 0.09 

 

The matrix of  𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠 was defined as: 

 𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑆) =

[
 
 
 
 
 
 
0.12975 0.14293 0.16021
0.13749 0.18775 0.19861
0.14569 0.21966 0.21928
0.11752 0.11725 0.14510
0.10644 0.10619 0.14510
0.11752 0.13165 0.16293
0.08946 0.09458 0.15376]

 
 
 
 
 
 

   ;  𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑊) =

[
 
 
 
 
 
 
 
 
0.10460 0.12471 0.15343
0.11298 0.11376 0.14861
0.09559 0.06978 0.09120
0.07117 0.07605 0.09120
0.07117 0.06937 0.09540
0.08735 0.06365 0.09120
0.12599 0.12492 0.11129
0.16605 0.17521 0.10639
0.16509 0.18255 0.11129]

 
 
 
 
 
 
 
 

 

 

𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑂) =

[
 
 
 
 
 
0.18635 0.29476 0.38743
0.12077 0.16586 0.22368
0.16280 0.24067 0.29566
0.09585 0.13811 0.23467
0.06461 0.08671 0.14496
0.06335 0.07388 0.15509]

 
 
 
 
 

   ;   𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟𝑠(𝑇) =

[
 
 
 
 
 
0.14144 0.14790 0.17635
0.15133 0.14097 0.15711
0.12356 0.12920 0.17635
0.13220 0.10693 0.13342
0.19445 0.19380 0.16809
0.25702 0.28120 0.18868]

 
 
 
 
 

 

 

Step 6  

The preferred fuzzy sum values of the values in the SWOTsub_factor(global) were calculated 

by multiplying the interdependent fuzzy priority values of the 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑠 by the internal 

criteria in each element in the he group SWOT in step 5. The fuzzy value 

SWOTsub_factor(global) is shown in Table 12. 
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Table 12 

The values of global weights for SWOTsub_factors  

 

SWOT 
factors 

Priority of the SWOT factors 
SWOTsub-factors 

Priority of the SWOTsub-factors Overall priority of the SWOTsub-factors 

Bottom Medium Top Bottom Medium Top Bottom Medium Top 

Strengths (S) 0.28866 0.34341 0.34199 

S1 0.12975 0.14293 0.16021 0.03745 0.04908 0.05479 

S2 0.13749 0.18775 0.19861 0.03969 0.06448 0.06792 

S3 0.14569 0.21966 0.21928 0.04205 0.07543 0.07499 
S4 0.11752 0.11725 0.14510 0.03392 0.04026 0.04962 

S5 0.10644 0.10619 0.14510 0.03072 0.03647 0.04962 

S6 0.11752 0.13165 0.16293 0.03392 0.04521 0.05572 
S7 0.08946 0.09458 0.15376 0.02582 0.03248 0.05258 

Weaknesses 

(W) 
0.23558 0.18952 0.19918 

W1 0.10460 0.12471 0.15343 0.02464 0.02363 0.03056 

W2 0.11298 0.11376 0.14861 0.02662 0.02156 0.02960 
W3 0.09559 0.06978 0.09120 0.02252 0.01322 0.01817 

W4 0.07117 0.07605 0.09120 0.01677 0.01441 0.01817 

W5 0.07117 0.06937 0.09540 0.01677 0.01315 0.01900 
W6 0.08735 0.06365 0.09120 0.02058 0.01206 0.01817 

W7 0.12599 0.12492 0.11129 0.02968 0.02368 0.02217 

W8 0.16605 0.17521 0.10639 0.03912 0.03321 0.02119 
W9 0.16509 0.18255 0.11129 0.03889 0.03460 0.02217 

Opportunities 

(O) 
0.27382 0.27136 0.24644 

O1 0.18635 0.29476 0.38743 0.05103 0.07999 0.09548 

O2 0.12077 0.16586 0.22368 0.03307 0.04501 0.05512 
O3 0.16280 0.24067 0.29566 0.04458 0.06531 0.07286 

O4 0.09585 0.13811 0.23467 0.02625 0.03748 0.05783 

O5 0.06461 0.08671 0.14496 0.01769 0.02353 0.03572 
O6 0.06335 0.07388 0.15509 0.01735 0.02005 0.03822 

Threats  

(T) 
0.20194 0.19571 0.21239 

T1 0.14144 0.14790 0.17635 0.02856 0.02894 0.03745 

T2 0.15133 0.14097 0.15711 0.03056 0.02759 0.03337 

T3 0.12356 0.12920 0.17635 0.02495 0.02529 0.03745 

T4 0.13220 0.10693 0.13342 0.02670 0.02093 0.02834 

T5 0.19445 0.19380 0.16809 0.03927 0.03793 0.03570 

T6 0.25702 0.28120 0.18868 0.05190 0.05503 0.04007 
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A fuzzy matrix 𝑊̃3 through SWOTsub_factor(global)  is described: 

 

𝑊̃3 = 𝑆𝑊𝑂𝑇𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟(𝑔𝑙𝑜𝑏𝑎𝑙)  =  

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.03745 0.04908 0.05479

0.03969 0.06448 0.06792

0.04205 0.07543 0.07499
0.03392 0.04026 9,04963

0.03072 0.03647 0.04962

003392 0.04521 0.05572
0.02582 0.03248 0.05258

0.02464 0.02348 0.03056

0.02662 0.02156 0.02960
0.02252 0.01322 0.01817

0.01677 0.01441 0.01817

0.01677 0.01315 0.01900
0.02058 0.01206 0.01817

0.02968 0.02368 0.02217

0.03912 0.03321 0.02119
0.03889 0.03460 0.02217

0.05103 0.07999 0.09548

0.03307 0.04501 0.05512
0.04458 0.06531 0.07286

0.02625 0.03748 0.05783

0.01769 0.02353 0.03572
0.01735 0.02005 0.03822

0.02856 0.02894 0.03745

0.03056 0.02759 0.03337
0.02459 0.02529 0.03745

0.02670 0.02093 0.02834

0.03927 0.03793 0.03570
0.05190 0.05503 0.04007]

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Step 7 

In this phase, the study used the TFN scale to score the importance of the alternatives 

𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 and the sub-factors of the SWOT analysis. To measure the weight of 

SWOT factors with the alternative solutions, experts scored those solutions according to 

each factor and on a scale of 1 - 9. The value 𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 was calculated by multiplying 

the fuzzy matrix 𝑊̃4 with the fuzzy value’s 𝑆𝑊𝑂𝑇𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟(𝑔𝑙𝑜𝑏𝑎𝑙). The matrix 𝑊̃4 is 

built through the fuzzy value of comparing the criteria of the SWOT sub-factor. The 

results of 𝑾̃𝒂𝒍𝒕𝒆𝒓𝒏𝒂𝒕𝒊𝒗𝒆𝒔 are shown in Tables 13a-c. 
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Table 13a 

Values of the 𝑊̃4𝑏𝑜𝑡𝑡𝑜𝑚of the alternative solution 𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 

 

 
 

Table 13b 

Values of the 𝑊̃4𝑚𝑒𝑑𝑖𝑢𝑚
of the alternative solution 𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 
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Table 13c 

Values of the 𝑊̃4𝑡𝑜𝑝
 of the alternative solution 𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 

 

 
 

The matrix of W̃alternatives is defined as: 

 

𝑊̃𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 = 

[
 
 
 
 
 
 
 
 
 
 
 
 
 
𝑆𝑂1
𝑆𝑂2
𝑆𝑂3
𝑊𝑂1
𝑊𝑂2
𝑊𝑂3
𝑊𝑂4
𝑆𝑇1
𝑆𝑇2
𝑆𝑇3
𝑊𝑇1
𝑊𝑇2
𝑊𝑇3
𝑊𝑇4
𝑊𝑇5]

 
 
 
 
 
 
 
 
 
 
 
 
 

= 𝑊̃4 𝑥 𝑊̃𝑠𝑢𝑏_𝑓𝑎𝑐𝑡𝑜𝑟(𝑔𝑙𝑜𝑏𝑎𝑙)   

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.06883 0.07448 0.07779
0.06254 0.05785 0.05913
0.06880 0.06978 0.07412
0.07955 0.07713 0.08117
0.06023 0.05152 0.05279
0.05898 0.06138 0.06135
0.06147 0.06138 0.06135
0.07934 0.07766 0.08135
0.06023 0.05056 0.05210
0.05652 0.04166 0.04169
0.06943 0.06104 0.06372
0.06943 0.05191 0.05821
0.06077 0.09690 0.05115
0.08142 0.08695 0.10211
0.06543 0.08695 0.08764]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Step 8 

Next, the TFN matrix values were converted to the weighted mean values. In the 

defuzzification step, the average of three fuzzy values for each strategy were calculated. 

Once the average of each strategy was obtained, the total of the solutions was calculated 

and then the ratio of each strategy was calculated. The result is shown below: 
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Walternatives = 

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
𝑆𝑂1
𝑆𝑂2
𝑆𝑂3
𝑊𝑂1
𝑊𝑂2
𝑊𝑂3
𝑊𝑂4
𝑆𝑇1
𝑆𝑇2
𝑆𝑇3
𝑊𝑇1
𝑊𝑇2
𝑊𝑇3
𝑊𝑇4
𝑊𝑇5]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

=  

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.07370
0.05984
0.07090
0.07928
0.05485
0.05614
0.61640
0.07961
0.05430
0.04662
0.06374
0.05985
0.06961
0.09016
0.08001]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Step 9 

Based on the selected preferred solution according to T-FANP, the final step was to 

compare the results of calculating Walternatives with the internal relationship of the 

alternative solutions by constructing a fuzzy matrix 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟_𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠. Based on the 

assessment of the importance of the factors 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟_𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠, the results of the 

triangular matrix are shown below. 

𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟_𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 =

[
 
 
 
 
 
 
 
 
 
 
 
 
 
𝑆𝑂1
𝑆𝑂2
𝑆𝑂3
𝑊𝑂1
𝑊𝑂2
𝑊𝑂3
𝑊𝑂4
𝑆𝑇1
𝑆𝑇2
𝑆𝑇3
𝑊𝑇1
𝑊𝑇2
𝑊𝑇3
𝑊𝑇4
𝑊𝑇5]

 
 
 
 
 
 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
0.00057 0.00064 0.23307
0.00040 0.00013 0.04223
0.00030 0.00012 0.05210
0.00035 0.00018 0.07052
0.00024 0.00006 0.02904
0.00145 0.00022 0.02904
0.00127 0.00022 0.03678
0.00343 0.00053 0.03963
0.00042 0.00005 0.02790
0.00034 0.00005 0.02790
0.00213 0.00045 0.05668
0.00418 0.00106 0.07179
0.00208 0.00048 0.06746
0.42022 0.51641 0.00078
0.56262 0.47940 0.21509]

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

When the evaluation of the relationship between wide tile 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟_𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 and 

𝑊𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠 the following results were obtained. 

𝑊𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠
′ = 𝑊𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠  × 𝑊̃𝑓𝑎𝑐𝑡𝑜𝑟𝑎𝑙𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑣𝑒𝑠
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[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.07370
0.05984
0.07090
0.07928
0.05485
0.05614
0.61640
0.07961
0.05430
0.04662
0.06374
0.05985
0.06961
0.09016
0.08001]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  × 

[
 
 
 
 
 
 
 
 
 
 
 
 
 
0.00057 0.00064 0.23307
0.00040 0.00013 0.04223
0.00030 0.00012 0.05210
0.00035 0.00018 0.07052
0.00024 0.00006 0.02904
0.00145 0.00022 0.02904
0.00127 0.00022 0.03678
0.00343 0.00053 0.03963
0.00042 0.00005 0.02790
0.00034 0.00005 0.02790
0.00213 0.00045 0.05668
0.00418 0.00106 0.07179
0.00208 0.00048 0.06746
0.42022 0.51641 0.00078
0.56262 0.47940 0.21509]

 
 
 
 
 
 
 
 
 
 
 
 
 

 =  

[
 
 
 
 
 
 
 
 
 
 
 
 
 
𝑆𝑂1
𝑆𝑂2
𝑆𝑂3
𝑊𝑂1
𝑊𝑂2
𝑊𝑂3
𝑊𝑂4
𝑆𝑇1
𝑆𝑇2
𝑆𝑇3
𝑊𝑇1
𝑊𝑇2
𝑊𝑇3
𝑊𝑇4
𝑊𝑇5]

 
 
 
 
 
 
 
 
 
 
 
 
 

=

[
 
 
 
 
 
 
 
 
 
 
 
 
 
 
0.00587
0.00084
0.00122
0.00186
0.00052
0.00056
0.00077
0.00113
0.00050
0.00043
0.00124
0.00152
0.00161
0.02819
0.03363]

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

4.5. Discussion of the results of the model 

As a result of the T-FNAP model, the research identified priority solutions for 

agricultural production in the context of climate change in Ninh Thuan (Table 14). The 

preferred solutions are ranked in the following order: WT5 - WT4 >SO1 - WO1-

WT3>WT2-WT1-SO3-ST1-SO2-WO4>WO3-WO2-ST2-ST3. With these 15 solutions, 

the research was divided into three groups, with the performance phase ranked in Table 

14 and Figure 4. 

 

Table 14 

Prioritization of finalized solutions for agriculture in the context of climate change 

 

Priority Weight Solution Explanation  

1 0.429 WT5 Identify drought risks for each locality and each type of farming 

2 0.352 WT4 Assess the impact of drought for each region, each type of farming 

3 0.073 SO1 Expand the market for agricultural products 

4 0.023 WO1 
Develop a policy framework and crop conversion for drought-stricken 

areas 

5 0.020 WT3 
Train human resources, increasing investment in disaster warning and 

monitoring systems 

6 0.019 WT2 Develop insurance policies in agricultural production 

7 0.016 WT1 Adjust planting time 

8 0.015 SO3 Re-plan cultivation areas according to the strengths of each locality 

9 0.014 ST1 Increase investment, expand and upgrade irrigation systems 

10 0.010 SO2 Focus on investing in crops with high economic value. 

11 0.010 WO4 Change the farming model for crops to suit irrigation water conditions. 

12 0.007 WO3 
Call for investment in irrigation systems according to key areas of 

cultivation 

13 0,007 WO2 Call for scientific research projects in the field of agriculture adapt. 

14 0.006 ST2 
Support businesses to invest in applying science and technology to hi-tech 

agricultural production 

15 0.005 ST3 
Promote the people’s ability and experience of self-adaptation in 

agricultural production. 



IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

23 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

 

In Phase 1, the solution’s scores range from 0.429 (WT5) to 0.352 (WT4), with two 

solutions focusing on drought assessment and identification. Under the influence of 

climate change, the drought situation in Ninh Thuan is currently becoming increasingly 

complicated, so it is necessary to identify the risks of drought occurrence. Identifying 

drought risks will help localities adjust cropping plans to local conditions. The second 

solution is to assess the impact of drought for each region, locality, and farming type. 

Although the drought occurs throughout the province, not all localities are affected 

equally, and each crop’s drought tolerance is different. Therefore, assessing the impact of 

drought needs to involve an  assessment of each crop’s minimum level and adaptability. 

Assessing the impact on a large and general territory is not advisable because this may 

lead to developing plans suitable for one locality but not another.  

 

In Phase 2, the solutions are SO1 (0.073), WO1 (0.023), and WT3 (0.020). It is necessary 

to pay attention to the market for agricultural products and crops with high economic 

value at this stage. Especially for drought-stricken areas, it is necessary to choose crops 

that are suitable for this type of area. In addition, it is necessary to train local human 

resources and disaster early warning systems. 

 

In Phase 3, the solution groups are WT2 (0.019), WT1 (0.016), SO3 (0.015), ST1 

(0.014), SO2 (0.010), and WO4 (0.010). In this group, insurance in agriculture is the first 

solution that should be implemented. Ninh Thuan is an agricultural province, but the 

development of insurance policies in agriculture is almost nonexistent. Therefore, for 

people to feel secure in production and receive support from agricultural insurance (in 

case of drought),  the strengthening of availability of agricultural insurance for each 

household operating in the province’s agricultural sector is recommended.  

 

The final phase implements solutions WO3 (0.007), WO2 (0.007), ST2 (0.006), and ST3 

(0.005). In this phase, farming models are can be adjusted through upgrading irrigation 

for agricultural areas. In addition, local authorities should call for scientific research in 

adaptive agriculture and, simultaneously, support enterprises that invest in applying 

science and technology to high-tech agricultural production.  

 

This model evaluated the priority solutions in Ninh Thuan, Vietnam, using the T-FANP 

model. It is dynamic, and any change in the model depends on the change of factors in 

the SWOT analysis and the TOWS matrix. Therefore, the proposed solutions may change 

along with the characteristics of the internal and external environment in the study area. 

Figure 4 depicts the process of implementing solution groups with different stages. 

However, it is essential to have a well-defined roadmap for implementing solutions. After 

completing a set of solutions, it is crucial to assess their effectiveness. Based on the 

effectiveness or ineffectiveness of the solutions, the analyst can recalculate and readjust 
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each element of the SWOT group to adjust the alternative solutions to suit customers’ 

needs. 

 

 
Figure 4 Process of implementing solutions based on priority solutions 

 

 

5. Conclusion 

The study proposed solutions for agricultural production in Ninh Thuan, Vietnam in the 

context of climate change using T-FANP. The research has also built group solutions 

with specific tasks proposed through priority solutions. The first group includes WT5 and 

WT4 solutions; the second group of solutions includes SO1, WO1, and WT3; the third 

group of solutions is WT2, WT2, SO3, ST1, SO2, and WO4; and the fourth group of 

solutions includes WO3, WO3, ST2, ST3. The first task is to identify and assess the 

impact of climate change through drought. 

 

Research findings have further highlighted the efficacy of MCDM both quantitatively 

and qualitatively, leveraging fuzzy logic. The strength of the research lies in enhancing 

objectivity and the stakeholders’ role. On the other hand, the T-FANP model also seems 

to have issues that need further discussion, such as expert participation in scoring. None 

of the previous studies were concerned with the number of experts participating in the 

assessment. Therefore, subsequent studies may discuss and suggest how many experts are 

sufficient for a study using MCDM. The FANP method assessed the research objectives 

by proposing strategies; however, this method also has several limitations related to time 
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and expert evaluation. In terms of time, this method is highly time-consuming as it 

requires multiple interactions with experts to achieve a relatively objective result. 

Second, there are challenges due to varying levels of expertise among the experts, leading 

to changing perspectives after multiple rounds of evaluation. Finally, in future research, 

to gain a deeper understanding and analysis of the inherent characteristics of natural and 

socio-economic factors influencing decision-making, studies may apply AHP or ANP 

individually.  

 

The research serves as a foundation for Ninh Thuan province in the selection of suitable 

agricultural production strategies amidst drought conditions. Additionally, it provides 

local analysts with an interdisciplinary approach and the integration of methods in 

strategic decision-making. Therefore, local authorities must conduct a SWOT analysis for 

proposed solutions and seek stakeholder input to develop weight sets when utilizing this 

study. The step-by-step implementation plan for prioritized solutions in Ninh Thuan 

should have a defined timeframe aligned with regional planning, from 1 to 5 years or 5 to 

10 years. 

 

  



IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

26 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

REFERENCES 

ABARES (Australian Bureau of Agricultural and Resource Economics and Sciences). 

(2012). Drought in Australia: Context, policy and management (No. 43282), report to 

client (G.H.D. Pty. Ltd.) prepared for the Australia China Environment Development 

Partnership. 

 

Aghasafari, H., Karbasi, A., Mohammadi, H., & Calisti, R. (2020). Determination of the 

best strategies for development of organic farming: A SWOT – Fuzzy Analytic Network 

Process approach. Journal of Cleaner Production, 277, 124039. Doi: 

https://doi.org/10.1016/j.jclepro.2020.124039 

 

Arabzad, S. M., Ghorbani, M., Razmi, J., & Shirouyehzad, H. (2015). Employing fuzzy 

TOPSIS and SWOT for supplier selection and order allocation problem. International 

Journal of Advanced Manufacturing Technology, 76(5–8), 803–818. Doi: 

https://doi.org/10.1007/s00170-014-6288-3 

 

Arsić, S., Nikolic, D., & Zivkovic, Z. (2017). Hybrid SWOT - ANP - FANP model for 

prioritization strategies of sustainable development of ecotourism in National Park 

Djerdap, Serbia. Forest Policy and Economics, 80, 11–26. Doi: 

https://doi.org/10.1016/j.forpol.2017.02.003 

 

Asadpourian, Z., Rahimian, M., & Gholamrezai, S. (2020). SWOT-AHP-TOWS analysis 

for sustainable ecotourism development in the best area in Lorestan Province, Iran. Social 

Indicators Research, 152(1), 289–315. Doi: https://doi.org/10.1007/s11205-020-02438-0 

 

Binh Đ. T. (2020, March 13). Ninh Thuan: Nearly 400 hectares of rice damaged by 

drought. Resource & Environment Newspaper . https://baotainguyenmoitruong.vn/ninh-

thuan-gan-400-hecta-lua-bi-thiet-hai-do-han-han-300283.html 

 

Blandford, D. (2011). The contribution of agriculture to green growth. Report to the 

OECD. Paris, France: OECD. https://www.oecd.org/greengrowth/sustainable-

agriculture/48258861.pdf 

 

Bordi, I., & Sutera, A. (2007). Drought monitoring and forecasting at large scale. In G. 

Rossi, T. Vega, & B. Bonaccorso (Eds.), Methods and tools for drought analysis and 

management (pp. 3–27). Springer Netherlands. Doi: https://doi.org/10.1007/978-1-4020-

5924-7_1 

 

Cancelliere, A., Mauro, G. D., Bonaccorso, B., & Rossi, G. (2007). Stochastic forecasting 

of drought indices. In G. Rossi, T. Vega, & B. Bonaccorso (Eds.), Methods and tools for 

drought analysis and management (pp. 83–100). Springer Netherlands. Doi: 

https://doi.org/10.1007/978-1-4020-5924-7_5 

 

https://doi.org/10.1016/j.jclepro.2020.124039
https://doi.org/10.1007/s00170-014-6288-3
https://doi.org/10.1016/j.forpol.2017.02.003
https://doi.org/10.1007/s11205-020-02438-0
https://baotainguyenmoitruong.vn/ninh-thuan-gan-400-hecta-lua-bi-thiet-hai-do-han-han-300283.html
https://baotainguyenmoitruong.vn/ninh-thuan-gan-400-hecta-lua-bi-thiet-hai-do-han-han-300283.html
https://www.oecd.org/greengrowth/sustainable-agriculture/48258861.pdf
https://www.oecd.org/greengrowth/sustainable-agriculture/48258861.pdf
https://doi.org/10.1007/978-1-4020-5924-7_1
https://doi.org/10.1007/978-1-4020-5924-7_1
https://doi.org/10.1007/978-1-4020-5924-7_5


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

27 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

Catron, J., Stainback, G. A., Dwivedi, P., & Lhotka, J. M. (2013). Bioenergy 

development in Kentucky: A SWOT-ANP analysis. Forest Policy and Economics, 28, 

38–43. Doi: https://doi.org/10.1016/j.forpol.2012.12.003 

 

Correia, F. N. (2007). Water scarcity and drought a priority of the Portuguese 

presidency. Portugal: Ministério do Ambiente, do Ordenamento do Território e do 

Desenvolvimento Regional. 

 

Dağdeviren, M., & Yüksel, İ. (2010). A fuzzy analytic network process (ANP) model for 

measurement of the sectoral competititon level (S.C.L.). Expert Systems with 

Applications, 37(2), 1005–1014. Doi: https://doi.org/10.1016/j.eswa.2009.05.074 

 

Dai, A., Trenberth, K. E., & Qian, T. (2004). A global dataset of Palmer Drought 

Severity Index for 1870–2002: Relationship with soil moisture and effects of surface 

warming. Journal of Hydrometeorology, 5(6), 1117–1130. Doi: 

http://dx.doi.org/10.1175/jhm-386.1 

 

DARD (Department of Agriculture and Rural Development of Ninh Thuan). (2014). 

Planning of high-tech agricultural zones in Ninh Thuan province until 2020. 

 

DARD (Department of Agriculture and Rural Development of Ninh Thuan). (2017). 

Comprehensive planning for the development of the Agriculture-Forestry-Fisheries sector 

in Ninh Thuan province until 2020 

 

DNRE (Department of Natural Resources and Environmen of Ninh Thuan). (2015, April 

27). Solutions for coping with drought conditions.  

 

Domeisen, N. (1995). Disasters: Threat to social development. STOP Disasters. The 

IDNDR Magazine 23(Winter). Geneva, Switzerland: IDNDR Secretariat. 

 

Dyson, R. G. (2004). Strategic development and SWOT analysis at the University of 

Warwick. European Journal of Operational Research, 152(3), 631–640. Doi: 

https://doi.org/10.1016/S0377-2217(03)00062-6 

 

Esfahanian, E., Nejadhashemi, A. P., Abouali, M., Adhikari, U., Zhang, Z., Daneshvar, 

F., & Herman, M. R. (2017). Development and evaluation of a comprehensive drought 

index. Journal of Environmental Management, 185, 31–43. Doi: 

https://doi.org/10.1016/j.jenvman.2016.10.050 

 

FAO. (2011). The state of the world’s land and water resources for food and agriculture: 

Managing systems at risk (1st ed). Earthscan. 

 

FAO. (2013). Climate-Smart agriculture: Managing ecosystems for sustainable 

livelihoods. Food and Agriculture Organization of the United Nations.   

https://doi.org/10.1016/j.forpol.2012.12.003
https://doi.org/10.1016/j.eswa.2009.05.074
https://doi.org/10.1016/S0377-2217(03)00062-6
https://doi.org/10.1016/j.jenvman.2016.10.050


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

28 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

https://www.fao.org/climatechange/29790-0178d452d0ca9af024aad1092d4b78b1d.pdf 

 

FAO. (2021). World Food and Agriculture – Statistical Yearbook 2021. Rome: FAO Doi: 

https://doi.org/10.4060/cb4477en 

 

Gil, M., Garrido, A., & Hernandez-Mora, N. (2013). Direct and indirect economic 

impacts of drought in the agri-food sector in the Ebro River basin (Spain). Natural 

Hazards and Earth System Science, 13(10), 2679–2694. Doi: 

https://doi.org/10.5194/nhess-13-2679-2013 

 

Gillette, H. P. (1950). A creeping drought under way. Water and Sewage Works, 10(1), 

104–105. 

 

GSA (Geological Society of America). (2006). Managing drought: A roadmap for change 

in the United States. Presented at Managing Drought and Water Scarcity in Vulnerable 

Environments, 18–20 September, Longmont, CO.  

 

Haque, H. M. E., Dhakal, S., & Mostafa, S. M. G. (2020). An assessment of opportunities 

and challenges for cross-border electricity trade for Bangladesh using SWOT-AHP 

approach. Energy Policy, 137, 111118. Doi: https://doi.org/10.1016/j.enpol.2019.111118 

 

Henry, B., McKeon, G., Syktus, J., Carter, J., Day,K.  & David Rayner. (2007). Climate 

variability, climate change and land degradation. In V.K. Mannava, Sivakumar, Ndiangui 

Ndegwa (Eds.) Climate and land degradation (pp. 20–221). Berlin Heidelberg, Germany: 

Springer. 

 

Hill, T., & Westbrook, R. (1997). SWOT analysis: It is time for a product recall. Long 

Range Planning, 30(1), 46–52. Doi: https://doi.org/10.1016/S0024-6301(96)00095-7 

 

Humphrey, A. (2005). SWOT analysis for management consulting. SRI Alumni 

Newsletter . United States: SRI International.  

 

Hung, K. (2013). Understanding China’s hotel industry: A SWOT analysis. Journal of 

China Tourism Research, 9(1), 81–93. Doi: 

https://doi.org/10.1080/19388160.2013.756771 

 

Hussey, L. K. (2014). Analytic Network Process (ANP) for housing quality evaluation: A 

case study in Ghana (Electronic Thesis and Dissertation Repositor.2407) [Doctoral 

dissertation, Western University]. https://ir.lib.uwo.ca/etd/2407 

 

IPCC. (2007). Climate Change 2007: The physical science basis. Contribution of 

Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on 

Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, 

M. Tignor and H.L. Miller (eds.)]. Cambridge: Cambridge University Press. 

https://www.fao.org/climatechange/29790-0178d452d0ca9af024aad1092d4b78b1d.pdf
https://doi.org/10.4060/cb4477en
https://doi.org/10.5194/nhess-13-2679-2013
https://doi.org/10.1016/j.enpol.2019.111118
https://doi.org/10.1016/S0024-6301(96)00095-7
https://doi.org/10.1080/19388160.2013.756771
https://ir.lib.uwo.ca/etd/2407


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

29 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

 

Jahangir, A. T. M., Sayedur, R. M., & Saadat, A. H. M. (2013). Monitoring 

meteorological and agricultural drought dynamics in Barind region Bangladesh using 

standard precipitation index and Markov chain model. International Journal of 

Geomatics and Geosciences, 3(3), 511–524. Doi: http://dx.doi.org/10.1002/ird.1800 

 

Jenkins, K. L. (2011). Modelling the economic and social consequences of drought under 

future projections of climate change. PhD Thesis, Department of Land Economy, 

University of Cambridge, UK. 

Kabak, M., Dagdeviren, M., & Burmaoglu, S. (2016). A hybrid SWOT-FANP model for 

energy policy making in Turkey. Energy Sources, Part B: Economics, Planning, and 

Policy, 11(6), 487–495. Doi: https://doi.org/10.1080/15567249.2012.673692 

 

Kahraman, C. (2012). Computational intelligence systems in industrial engineering: With 

recent theory and applications. Springer Science & Business Media. 

 

Kallioras, A., Pliakas, F., Diamantis, I., & Kallergis, G. (2010). SWOT analysis in 

groundwater resources management of coastal aquifers: A case study from Greece. Water 

International, 35(4), 425–441. Doi: https://doi.org/10.1080/02508060.2010.508929 

 

Kaya, İ., Çolak, M., & Terzi, F. (2019). A comprehensive review of fuzzy multi criteria 

decision making methodologies for energy policymaking. Energy Strategy Reviews, 24, 

207–228. Doi: https://doi.org/10.1016/j.esr.2019.03.003 

 

Khatir, M. V., & Akbarzadeh, Z. (2019). Elucidation of structural relationships of 

SWOT: A mixed method approach based on FMADM for formulating science and 

technology strategies. Technology in Society, 56, 44–56. Doi: 

https://doi.org/10.1016/j.techsoc.2018.09.004 

 

Koba, M. (2014, September 5). Global drought real threat to lives and economies: 

Experts. CNBC. http://www.cnbc.com/2014/09/05/global-drought-real-threat-to-lives-

and-economices-experts.html 

 

Koupaei, M. N., Sobhanallahi, M. A., & Horri, A. (2015). A Fuzzy ANP-SWOT 

approach for analyzing the I.T. problems based on capabilities in Iran. International 

Journal of Supply and Operations Management, 1(4), 427. 

 

Lee, Y.-H. (2013). Application of a SWOT-FANP method. Technological and Economic 

Development of Economy, 19(4), 570–592. Doi: 

https://doi.org/10.3846/20294913.2013.837111 

 

https://doi.org/10.1080/15567249.2012.673692
https://doi.org/10.1080/02508060.2010.508929
https://doi.org/10.1016/j.esr.2019.03.003
https://doi.org/10.1016/j.techsoc.2018.09.004
http://www.cnbc.com/2014/09/05/global-drought-real-threat-to-lives-and-economices-experts.html
http://www.cnbc.com/2014/09/05/global-drought-real-threat-to-lives-and-economices-experts.html
https://doi.org/10.3846/20294913.2013.837111


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

30 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

Li, C., Negnevitsky, M., & Wang, X. (2020). Prospective assessment of methanol 

vehicles in China using FANP-SWOT analysis. Transport Policy, 96, 60–75. Doi: 

https://doi.org/10.1016/j.tranpol.2020.06.010 

 

Ligus, M., & Peternek, P. (2018). Determination of most suitable low-emission energy 

technologies development in Poland using integrated fuzzy AHP-TOPSIS method. 

Energy Procedia, 153, 101–106. Doi: https://doi.org/10.1016/j.egypro.2018.10.046 

 

Lin, J. Y. (2018). Agriculture is key for economic transformation, food security, and 

nutrition. Washington D.C.: International Food Policy Research Institute. 

 

Linh, N. X., Binh, T. Q., Tuan, L.T.,, Thuy, L. P., & Thuy, P. T. T. (2016). Application 

of ISM/F-ANP Multi-Criteria Analysis Method and GIS in selecting landfill site for solid 

waste disposal in Hung Ha District, Thai Binh Province. VNU Journal of Science: Earth 

and Environmental Sciences, 32(2), 34–45. 

 

Mu, E. (2021). AHP/ANP and world connections. International Journal of the Analytic 

Hierarchy Process, 13(1), 1. Doi: https://doi.org/10.13033/ijahp.v13i1.869 

 

Nathan, R. (2007). The future: A hydrological SWOT analysis. Australasian Journal of 

Water Resources, 11(2), 133–144. Doi: https://doi.org/10.1080/13241583.2007.11465318 

 

Ninh Thuan General Statistics Office. (2020). Ninh Thuan Statistical Yearbook. 

Statistical Publishing House. 

 

Partani, T., Marashi, S. V., & Alishahi, M. H. (2013). Using Fuzzy Analytic Network 

Process (FANP) in a SWOT Analysis. Global Journal of Computer Science and 

Technology, 13(2), 17–32.  

 

Saaty, T. L. (1996). The Analytic Network Process. Pittsburgh: RWS Publications. 

 

Saaty, T. L., & Vargas, L. G. (2012). Models, methods, concepts & applications of the 

Analytic Hierarchy Process (Vol. 175). Springer US. Doi: https://doi.org/10.1007/978-1-

4614-3597-6. 

 

Sevkli, M., Oztekin, A., Uysal, O., Torlak, G., Turkyilmaz, A., & Delen, D. (2012). 

Development of a fuzzy ANP based SWOT analysis for the airline industry in Turkey. 

Expert Systems with Applications, 39(1), 14–24. Doi: 

https://doi.org/10.1016/j.eswa.2011.06.047 

 

Shakoor Shahabi, R., Basiri, M. H., Rashidi Kahag, M., & Ahangar Zonouzi, S. (2014). 

An ANP - SWOT approach for interdependency analysis and prioritizing the Iran’s steel 

scrap industry strategies. Resources Policy, 42, 18–26. Doi: 

https://doi.org/10.1016/j.resourpol.2014.07.001 

https://doi.org/10.1016/j.tranpol.2020.06.010
https://doi.org/10.1016/j.egypro.2018.10.046
https://doi.org/10.13033/ijahp.v13i1.869
https://doi.org/10.1080/13241583.2007.11465318
https://doi.org/10.1007/978-1-4614-3597-6
https://doi.org/10.1007/978-1-4614-3597-6
https://doi.org/10.1016/j.eswa.2011.06.047
https://doi.org/10.1016/j.resourpol.2014.07.001


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

31 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

 

Sidharth Thakur. (2010). SWOT – History and evolution. Bright hub Project 

Management. http://www.brighthubpm.com/methods-strategies/99629-history-of-the-

swot-analysis/ 

 

Tadesse, T., Haile, M., Senay, G., Wardlow, B. D., & Knutson, C. L. (2008). The need 

for integration of drought monitoring tools for proactive food security management in 

sub-Saharan Africa. Natural Resources Forum, 32, 265–279. Doi: 

http://dx.doi.org/10.1111/j.1477-8947.2008.00211.x 

 

Tannehill, I. R. (1947). Drought, its causes and effects. Princeton, NJ: Princeton 

University Press. 

 

Tuan, N. Đ., Tuy, B. V., & Phung, N. K. (2012). The impact of climate change on 

agriculture in Ninh Thuan and corresponding solutions. Natural Resources and 

Environment Magazine, 23, 23–26. 

 

Tuan, N. H., & Canh, T. T. (2021a). Analysis of trends in drought with the non-

parametric approach in Vietnam: A case study in Ninh Thuan province. American 

Journal of Climate Change, 10(01), 51–84. Doi: 

https://doi.org/10.4236/ajcc.2021.101004 

 

Tuan, N. H., & Canh T. T. (2021b). Research trend of change and future projected 

climate in Ninh Thuan province. Vietnam Journal of Hydrometeorology, 722(2), 23–37.  

 

UNDP. (2012). Drought risk management: Practitioner’s perspectives from Africa and 

Asia (United Nations Development Programme, United Nation). Nairobi, Kenya: United 

Nations Office Publishing Services Section 

 

UNESCO. (2014). Integrated drought risk management—DRM national framework for 

Iraq: An analysis repo (Second Edition SC/2014/REPORT/H/1; p. 143). Iraq: UNESCO 

Office. http://unesdoc.unesco.org/images/0023/002330/233093e.pdf 

 

UNISDR. (2009). Drought risk reduction framework and practices: Contributing to the 

implementation of the Hyogo framework for action. Geneva: United Nations Secretariat 

of the International Strategy for Disaster Reduction (UNISDR) and Lincoln, Nebraska: 

National Drought Mitigation Center (NDMC), University of Nebraska-Lincoln, Lincoln. 

 

People's Committee of Ninh Thuan Province. (2016). Report on the drought situation and 

drought response activities in 2015 and the early months of 2016 in the province 

Vinh, P. Q., & Huong, P. T. T. (2013). Assessing agricultural drought for Binh Thuan 

province under climate change scenario Vietnam Journal of Earth Sciences, 34(4), 513–

523. Doi: https://doi.org/10.15625/0866-7187/34/4/2811 

 

http://www.brighthubpm.com/methods-strategies/99629-history-of-the-swot-analysis/
http://www.brighthubpm.com/methods-strategies/99629-history-of-the-swot-analysis/
https://doi.org/10.4236/ajcc.2021.101004
http://unesdoc.unesco.org/images/0023/002330/233093e.pdf
https://doi.org/10.15625/0866-7187/34/4/2811


IJAHP Article: Tuan, Canh /Proposing solutions to develop sustainable agriculture to adapt to 

climate change using the T-FANP model 

 

 

 

 

International Journal of the 

Analytic Hierarchy Process 

32 Vol  15 Issue 3 2023 

ISSN 1936-6744 

https://doi.org/10.13033/ijahp.v15i3.1028 

Weihrich, H. (1982). The TOWS matrix—A tool for situational analysis. Long Range 

Planning, 15(2), 54–66. Doi: https://doi.org/10.1016/0024-6301(82)90120-0 

 

Wickramasinghe, V., & Takano, S. (2009). Application of combined SWOT and Analytic 

Hierarchy Process (AHP) for tourism revival strategic marketing planning: A case of Sri 

Lanka Tourism. Proceedings of the Eastern Asia Society for Transportation Studies, 7 1– 

16. 

 

Wilhite, D. A. (2000). Drought as a natural hazard: Concepts and definitions. In D. 

Wilhite (Ed.), Drought: A global assessment. Routledge Publishers, U.K. 

 

Wilhite, D.A. (2014). National drought management policy guidelines: A template for 

action, 1-36. University of Nebraska, Drought Mitigation Center Faculty Publications.  

 

Yavuz, F., & Baycan, T. (2014). Application of combined analytic hierarchy process 

(AHP) and SWOT for integrated watershed management. International Journal of the 

Analytic Hierarchy Process, 6(1), 3-34.Doi: https://doi.org/10.13033/ijahp.v6i1.194 

 

Zhai, F., & Zhuang, J. (2012). Agricultural impact of climate change: A general 

equilibrium analysis with special reference to Southeast Asia. In V. Anbumozhi, M. 

Breiling, S. Pathmarajah, & V. Reddy (Eds), Climate change in Asia and the Pacific: 

How can countries adapt? (pp. 17–35). Sage Publications India Pvt Ltd. Doi: 

https://doi.org/10.4135/9788132114000.n3 

 

 

 

 

https://doi.org/10.1016/0024-6301(82)90120-0
https://doi.org/10.13033/ijahp.v6i1.194

