
 

www.astesj.com     1214 

 

 

 

 

Strategic Model to Assess the Sustainability and Competitiveness of Focal Agri-Food Smes and their 
Supply Chains: A Vision Beyond COVID 19 

Yonatan López-Santos*,1, Diana Sánchez-Partida2, Patricia Cano-Olivos 2 

1Instituto Tecnológico Superior de Tepexi de Rodríguez, Tecnológico Nacional de México, Tepexi de Rodríguez, 74690, México 

2Department of Logistics and Supply Chain Management, Universidad Popular Autónoma del Estado de Puebla, Puebla 72410, 
Mexico 

A R T I C L E   I N F O  A B S T R A C T 
Article history: 
Received: 01 September, 2020 
Accepted: 28 September, 2020 
Online: 24 October, 2020 

 There have been disruptions in local and global food supply chains around the world due 
to the COVID-19 pandemic. It has led to rethink various aspects and to consider various 
trends in the food sector, encourage a more rapid transition and evolution to the 
Sustainable Supply Chain Management (SSCM), to counteract current problems and to 
help towards a more sustainable and competitive vision. However, there is a strategic 
disconnection in SSCM between sustainability and strategies related to competitive 
advantage. Therefore, the objective of this research is to propose a decision-making model 
to assess the sustainability and competitiveness strategically of a Mexican agri-food focal 
SME (Small and Medium-sized Enterprise) that leads its supply chain. It is validated with 
comparative analysis in the productive taro activity through the Analytic Hierarchy Process 
(AHP) that contributes to prevent or to face problems such as the COVID-19 pandemic and 
climate change. This research is based on a case study methodology divided into four 
stages. Three presented alternatives are assessed and compared by thirty-five criteria: a) 
A current situation without sustainability, b) Cost leadership strategy considering 
sustainability, and c) Differentiation strategy considering sustainability. The conclusions 
indicate more feasibility and compatibility to achieve sustainability with a differentiation 
strategy than with a cost leadership strategy. The current crisis should lead us to think 
beyond COVID-19, as we have more challenges ahead, such as climate change, 
environmental impacts, poverty, among other aspects that could cause instability around 
the world. Therefore, the current situation should be an impetus to further progress towards 
the 17 Sustainable Development Goals, in this case, through the theory of SSCM. That is 
why this model contributes strategically to the SSCM, to develop greater long-term 
resilience in the Mexican agri-food focal SMEs and their supply chains. 
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1. Introduction 

Currently, there are disruptions in both local and global food 
supply chains around the world due to the pandemic [1]-[3] caused 
by the new coronavirus [4], better known as COVID 19. It has led 
to thinking in various scientific fields and everyday life, as in the 
present manuscript, which contemplates the acceleration of 
various changes to move towards Sustainable Supply Chain 
Management (SSCM) and competitiveness, especially in the food 

sector. Some adversities that have placed Mexico as one of the 
countries at the most significant risk to COVID-19 are obesity and 
overweight [5], mainly caused by poor nutrition from ultra-
processed foods [6]. 

Also, this pandemic has exposed social deficiencies in textile 
supply chains by the ease of firing employees who have been 
subcontracted, violating their labor rights [7]. Therefore, after 
COVID-19, there will be challenges, opportunities, and potential 
solutions in agri-food supply chains considering some sustainable 
aspects, among which climate change stands out [8]. A climate 
shock would place food supply chains in vulnerable circumstances, 
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exacerbating poverty, food insecurity, and the impact on the 
environment [9] aspects considered by the SSCM.  

However, there are few studies on SSCM, especially on its 
environmental and social aspects [10], [11]. There is little 
implementation of the SSCM theory in emerging economies [12], 
[13], as in Mexico [14]. The SSCM theory also has several 
theoretical gaps derived from the disconnection between 
sustainability and strategies related to competitive advantage, 
known as this combination as Sustainable Competitive Advantage 
(SCA). SCA is challenging to evaluate and measure since there is 
no factual theoretical basis [15]. The poor results of the 
implementation of sustainable strategies to improve 
competitiveness [16] make it difficult to introduce them into 
regular SSCM practice [17]. 

In emerging countries, the SSCM practices adoption does not 
necessarily imply improved cost performance or short-term 
profitability [18]. Likewise, a case was found where clients do not 
necessarily accept higher prices for acquiring sustainable products 
[17]. Therefore, the SSCM theory seems to be incompatible in 
some cases between the economic part and the social and 
environmental parts [17]. That is, if sustainability is considered 
together with Porter's cost leadership strategy [19], there may not 
be compatible. Hence, this discordance is reflected in the supply 
chains of both large, and Small and Medium Enterprises (SMEs), 
with an even greater emphasis on emerging countries such as 
Mexico. As a result, decision making becomes a challenge at the 
strategic level in SSCM, since there are no well-established 
metrics, as pointed out in the literature review [20]. Therefore, the 
objective of the research is to propose a decision-making model to 
assess the sustainability and competitiveness strategically of a 
Mexican agri-food focal SME that leads its supply chain, validated 
with comparative analysis in the productive taro activity through 
the Analytic Hierarchy Process (AHP) that contributes to prevent 
or face problems such as the COVID-19 pandemic and climate 
change. It is expected that the results of the strategic model 
contribute with knowledge at a strategic level to the SSCM, in 
order to understand the generic strategies and their relationship 
with sustainability, demonstrating their possible compatibilities. 

2. Literature review 

2.1. Sustainable Supply Chain Management  

Sustainability is a term derived from Sustainable Development, 
being an increasingly important instrument for economic growth. 
Sustainable Development is defined as [21]: 

"A development that meets the needs of the present without 
compromising the ability of future generations to meet their own 
needs " [21]. 

Sustainability must be taken into account in the design of 
supply chains [22]. Certain aspects of Supply Chain Management 
(SCM) are related to the environmental, social, and economic 
aspects of Sustainable Development, conceptualizing SSCM as 
[10]: 

"The strategic, transparent integration and achievement of an 
organization’s social, environmental, and economic goals in the 
systemic coordination of key interorganizational business 

processes for improving the long-term economic performance of 
the individual company and its supply chains" [10].  

That is why SSCM is based on long-term partnerships [23], 
even if these are difficult to achieve [24] and also costly [17]. 
Likewise, the level of interest in SSCM practices by companies or 
organizations is different and depends on what they are producing 
[25]. To replace SCM with SSCM, companies or organizations 
need both conventional performance criteria and sustainability 
requirements [11]. Besides, as it is known, both SCM and SSCM 
have three levels of planning; strategic planning, tactical planning, 
and operational planning [26], so when sustainability is integrated 
into SCM, it causes changes at each level, making strategic 
planning more relevant. 

2.2. Sustainable Supply Chain Management and 
Competitiveness 

On the one hand, there are no signs where competitiveness is 
strategically considered within the central SSCM literature reviews 
[20], [23]. On the other hand, the theory of Creating Shared Value 
(CSV) [27] from the theory of Competitive Advantage [19] does 
not consider sustainability in-depth, nor does it consider external 
pressures. However, it has happened that legal norms and sanctions 
applied (external pressures) to companies become the primary 
motivations for companies to implement SSCM initiatives [28], 
which contradicts the internal motivation of the companies [27]. 
Furthermore, CSV, a relatively new theory, focuses more on large 
companies, even multinationals, leaving considerable research 
opportunities in SMEs.  

Hence, this research proposes a model for Mexican agri-food 
focal SMEs that integrates sustainable and competitive strategies 
within the SSCM theory. These strategies will be based on Porter's 
two generic strategies [19]: 1) Cost leadership; consists of low 
costs and economies of scale, and 2) Differentiation; consists of 
being unique in some value need for clients. It is essential to clarify 
that it is challenging to achieve a low-cost and differentiation 
strategy simultaneously, although this does not mean that it is 
impossible [19]. 

2.3. Analytic Hierarchy Process and Supply Chains 

The AHP is a general theory of measurement developed by 
Saaty in 1971-1975; this method is used to make a consistent 
measurement of physical and psychological events, giving them 
equal importance without sacrificing anything [29]. Therefore, the 
AHP is a technique for decision making where certain situations 
with ideas, feelings, and emotions are quantified, which affect the 
decision-making process, thus obtaining a numerical scale to 
prioritize the decision alternatives [30].  

 This tool has also been applied in various areas such as 
assessment of risk factors in agriculture [31]; natural resources 
management [32]; location of an SME [33]; benchmarking [34]; 
among others. According to the literature review [35], there are no 
applications of AHP for strategic decision-making in sustainable 
agri-food supply chain models. 

2.4. The Sustainable Supply Chain and Mexican Agri-food SMEs 

The percentage of SMEs in Mexico is 99.8%, contributing 
34.7% to the Gross Domestic Product (GDP) and creating 73.8% 
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of jobs [36], [37]. The productivity of SMEs is at a lower level than 
expected, so their entry into the international market and their 
permanence in the local or national market is difficult [37] due to 
changes in globalization. Therefore, in order to improve the SMEs, 
it is necessary to provide strategies that contribute to the current 
economic panorama, since there are companies where a 
conservative attitude persists, waiting to introduce structural 
changes [38]. 

The performance of focal companies in encouraging 
sustainable supply chains is vital because they drive and govern 
the supply chain [23]. There are few studies of Mexican agri-food 
focus companies that lead a sustainable supply chain [14]. It is 
normal since, SSCM theory is in an early stage of research [11]. 
However, some research has been found in the Mexican agri-food 
sector that includes only aspects of sustainability without 
considering supply chains, where they show how to develop 
sustainable enterprises through local networks of eco-farmers [39]. 
Likewise, the implications of fair trade and inclusion of local 
people in cooperatives or farmers' associations, trying to connect 
producers directly with clients [40]. Other studies have a more 
theoretical scope, a model [41] and a methodological proposal 
[42], focusing on sustainable agri-food SMEs without considering 
supply chains. In other words, agribusinesses still individualize 
their efforts without realizing that they are part of a supply chain.  

In Mexico, there are studies on Clean Production and SMEs 
that contribute to the theory of SSCM. These point out that SMEs 
mostly play the role of suppliers for large companies; that is, they 
are not leaders in supply chains, so they are not focal companies 
[43]- [46]. However, there are projects that try to include the local 
population in competitive businesses with environmental and 
social aspects [47], [48]. Nevertheless, according to a literature 
review in [14], all these attempts are still far from achieving 
sustainability [14]. 

2.5. The malanga (Colocasia esculenta) production 

The malanga, taro or Colocasia esculenta, is a plant that is 
cultivated for its corms, which are used in human and animal food 
and has various industrial uses [49], [50].  

There are several ways to transform malanga into food; 
regional nutritionists have even recommended it as a valuable 
food; however, more in-depth research is required [51]. One of the 
most remarkable ways to consume it is in the meal. The nutritional 
value that taro provides through a meal is highlighted in a study 
[52], where it is obtained that according to fiber fractions, the meal 
is an alternative for the elaboration of balanced foods. 

The volume of national production in 2015 was 16,552,000 
kilograms, equivalent to $66,364,000 national current pesos, and 
the price was 15,800 Mexican pesos per thousand kilograms [53]. 
The leading producers are in the states of Oaxaca, Tabasco, and 
Veracruz [54]. Mexican malanga production is used for self-
consumption and is sold to the domestic market [54] and the 
United States and Canada [54], [55]. 

3. Methodology 

Several research methods are used in SSCM theory, as SSCM 
is at an early stage, these methods are seen as a complement to 
others to gain diverse theoretical perspectives [11]. This study is 

mainly based on the case study methodology [56], to research a 
phenomenon in its context. It allows selecting and studying an 
economically successful Mexican agri-food focal SME within its 
productive activity to relate its situation to the theoretical gaps and 
thus propose a strategic decision-making model.  

Three experts participate in the development of this 
methodology and model. They propose the following four 
methodological stages through Figure 1. 

 
Figure 1: Methodological scheme. 

Stage 1. Definition of the problem: It consists of creating a 
team of experts to know the essential characteristics of the 
company and to define the problem theoretically.  

This research was carried out in a Mexican agri-food focal 
SME that leads its supply chain in the productive taro activity. This 
Veracruz-based company, the most economically successful one, 
is classified in Mexico as a medium-sized company by its number 
of employees [57], so it is also classified as an SME.  

According to the information collected, this SME has been 
developed without any planning of strategies without considering 
competitive and sustainable strategies. The collaboration between 
the members of its supply chain is not ideal, so it is far from being 
a sustainable supply chain. This SME does not have a generic 
strategy, according to Porter's positioning matrix [19]. However, 
this company involuntarily competes with low prices to perform 
its exports; it is based on a cost leadership strategy. Its competitive 
situation is threatened when other competitors replace taro with 
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lower prices in the foreign market. For this reason, a model is 
designed to integrate strategies of competitiveness and 
sustainability, and then be assessed with the AHP.  

Stage 2.  Determination, design of alternatives, and criteria 
for the comparative matrix and AHP: It consists of identifying the 
alternatives and criteria used in the AHP methodology. In this 
stage, the participation of experts is essential to provide feedback 
and consensus on the alternatives and criteria used in strategic, 
competitive, sustainable, and SSCM issues. 

Stage 3. Design and assessment for the comparative matrix: 
It is a based analysis process on the logic of the experts, to compare 
two or more cases, to assimilate their reciprocal differences so that 
the attributes or criteria for comparing the case studies are 
established in [58], [59]. In this research, the case studies are 
considered as alternatives. Each attribute or criterion is assigned a 
weight or percentage value and then a value from 1 to 5 (1. Very 
low, 2. Low, 3. Medium, 4. High, 5. Very high) between each case 
and each criterion.  

Stage 4. Design, assessment, and calculation of AHP: The 
matrix is designed to develop the calculations of AHP [60], the 
determined criteria are compared A1...An with their respective 
weights w1,...,wn, this allows to formalize a square matrix, as 
shown in Figure 2: 

  A1 A2 … An 
 A1 w1/w1 w1/w2 … w1/wn 

A= A2 w2/w1 w2/w2  w2/wn 
 ⁞ ⁞ ⁞  ⁞ 

 An wn/w1 wn/w2  wn/wn 
 

Figure 2: Square matrix. Source: Saaty [60]. 

The Saaty scale is used to assign the weights for each criterion 
[61, 62], shown in Table 1. 

Table 1: AHP Fundamental Scale. Source: Saaty [61], [62]. 
Intensity of importance Definition Explanation 

1 Equally important. 
Both elements 
contribute equally to 
ownership or judgment. 

3 
Moderately more 

important one element 
than the other. 

Judgment and prior 
experience favor one 
element over the other. 

5 
Strongly more 

important one element 
than the other. 

Judgment and prior 
experience favor one 
element over the other 
strongly. 

7 
Much more vital 

importance of one 
element over the other. 

One element dominates 
strongly. Its dominance 
is proven in practice. 

9 
The extreme 

importance of one 
element over the other. 

One element dominates 
the other with the most 
significant possible 
order of magnitude. 

 
The values 2, 4, 6 and 8 are used when the degree of importance 

is intermediate between two odd numbers in the scale; and when 
the definition and explanation, is inverted, the reciprocal values of 
the scale are used (1/2, 1/3, 1/4, 1/5...1/9) [61], [62].  

Then, Equation 1, because it is a reciprocal matrix, has positive 
inputs, that is, 𝑎𝑎𝑎𝑎𝑎𝑎 = 1/𝑎𝑎𝑎𝑎𝑎𝑎. So, if this matrix is multiplied by the 
transposition of the vector 𝑤𝑤𝑤𝑤 = (𝑤𝑤1, … . ,𝑤𝑤𝑛𝑛), the vector 𝑛𝑛𝑤𝑤 is 
obtained. In this way, Equation 1 is obtained: 

𝐴𝐴𝑤𝑤 = 𝑛𝑛𝑤𝑤                                                  (1) 

However, with the Saaty technique, it is only possible to work 
with a limited number of "n" criteria [61], [62]; for that reason, the 
Alonso and Lamata’s technique [63], [64] is used since it allows to 
work with a matrix that has a more significant number of "n" 
criteria, allowing different degrees "α," to fulfill the requirement 
of consistency of the AHP technique. 

3.1. Proposed model 

Figure 3 shows the sequence of the proposed model, designed 
for SMEs through the productive taro activity, applied in a 
medium-sized company. This model, through the AHP technique, 
assesses the sustainability and competitiveness strategically of a 
Mexican agri-food focal SME that is the leader of its supply chain 
in the productive taro activity. 

 

Table 2: Model alternatives or cases. 

Alternatives (Cases) 

Alternative 1 Alternative 2 Alternative 3 

a) The current state 
without sustainability 
(Case 1) 

b) Cost leadership 
strategy with the 
possibility of 
sustainability (Case 2) 

c) Differentiation 
strategy with the 
possibility of 
sustainability (Case 3) 

Step 1. Definition of the initial matrix with three alternatives 
and 35 criteria. 

Table 2 presents the three proposed alternatives, which 
represent three cases: a) case 1; it is the current state of the SME 
and its supply chain without considering sustainability, b) case 2; 
it is the strategy of cost leadership with the possibility of involving 
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sustainability and c) case 3; it is the strategy of differentiation with 
the possibility of involving sustainability. These last two 
alternatives are taken from Porter's two main generic strategies 
[19]. 

Table 3 shows the 35 criteria related to economic, competitive, 
environmental, social, and sustainable aspects from a strategic 
perspective. These criteria were determined and designed based on 
the five competitive forces [65], the Porter diamond [66], the 
SSCM theory [20], [23], the 17 Sustainable Development Goals 
[67] and the Sustainability Reporting Guidelines [68]. The authors 
selected these 35 criteria through an exhaustive analysis, 
representing the most updated and essential aspects of each theory. 
The theories reflected in these 35 criteria are SSCM, Competitive 
Advantage, and Sustainable Development. 

Table 3: Classification of criteria. 

Aspects Criteria 

Economic and 
competitive 

C1 Scale Economies 

C2 Product differentiation 

C3 Brand positioning 

C4 Input differentiation 

C5 Impact of inputs on cost or differentiation 

C6 The relative price performance of substitutes 

C7 The propensity of buyers to substitute 

C8 High negotiating power of the buyer 

C9 
Industry Rivalry (High, considering that the 

competition is international) 

C10 Low labor cost 

C11 Horizontal and vertical cooperation 

C12 Technology and Innovation 

C13 Administrative and production knowledge 

C14 Government policy (No intervention) 

C15 Consumer's level of acquisition 

Environmental 

C16 Materials 

C17 Energy 

C18 Water 

C19 Biodiversity 

C20 Emissions 

C21 
Regulatory compliance and environmental 

standards 

C22 
Supplier selection based on environmental 

performance 

Social 

C23 
Labor Practices, Decent Work, Health and 

Safety at Work 

C24 
Investment in training and education based 
on labor practices, human rights, and social 

impact 

C25 
Diversity and equality of opportunity and 

redistribution 

C26 
Supplier selection based on labor practices, 

human rights, and social impact 

C27 Child and forced labor 

C28 Rights of the indigenous population 

C29 Local communities 

C30 Fight against corruption 

C31 Regulatory compliance and social standards 

C32 Product Responsibility 

C33 Consumer Awareness of Sustainability 

C34 
Food security, improved nutrition, and 
promotion of sustainable agriculture 

Sustainable C35 

Partnerships to Achieve the Goals: 
Strengthening the Means of Implementation 
and Revitalizing the Global Partnership for 

Sustainable Development 

Table 4 shows the initial matrix, which contains the three 
alternatives or cases, and the thirty-five criteria. 

Table 4: Initial matrix. 

Criteria 

Alternatives (Cases) 

a) Alternative 1 
(Case 1) 

b) Alternative 2 
(Case 2) 

c) Alternative 3 
(Case 3) 

a) The current 
state without 
sustainability 

b) Cost 
leadership 

strategy with the 
possibility of 
sustainability 

(Case 2) c) 
Differentiation 

strategy with the 
possibility of 
sustainability 

C1 Assessment 1/a Assessment 1/b Assessment 1/c 

C2 Assessment 2/a Assessment 2/b Assessment 2/c 

… … … … 
… … … … 
C35 Assessment 35/a Assessment 35/b Assessment 35/c 

Step 2. Assess the initial comparative matrix of cases and 
criteria 

In Table 5, the importance of each criterion is assessed 
according to a scale of 1 to 100 points, then the weight (percentage) 
of each criterion is calculated, and finally, the assessment is made 
between each case and each criterion, assigning values of 1, 2, 3, 
4, and 5 (where 1 equals very low, 2 = low, 3 = medium, 4 = high, 
and 5 = very high). 

Table 5: Initial assessment of cases and criteria. 

C
rit

er
ia

 

Alternatives (Cases) Points 
for each 
criterion 
(From 1 
to 100) 

Weight 
(Percentage) 

a) 
Alternative 
1 (Case 1) 

b) 
Alternative 
2 (Case 2) 

c) 
Alternative 
3 (Case 3) 

C1 Assessment 
1/a 

Assessment 
1/b 

Assessment 
1/c   

C2 
Assessment 

2/a 
Assessment 

2/b 
Assessment 

2/c   

⁞ … … …   
⁞ … … …   

C35 
Assessment 

35/a 
Assessment 

35/b 
Assessment 

35/c   

    �𝐶𝐶𝑖𝑖

35

𝑖𝑖=1

 �𝐶𝐶𝑖𝑖

35

𝑖𝑖=1
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Step 3. Assess with the Saaty scale the criteria vs. criteria 
comparison matrix. 

In Table 6, the criteria versus criteria assessment are made 
according to the Saaty scale [61], [62], taking as reference the 
weight (percentage) of Table 5.  

Table 6: Assessment with Saaty scale [61], [62]. 

Criteria 
Criteria 

C1 C2 …. C35 

C1 
Saaty 

assessment 
w1/w1 

Saaty 
assessment 

w1/w2 
…. 

Saaty 
assessment 

w1/w35 

C2 
Saaty 

assessment 
w2/w1 

Saaty 
assessment 

w2/w2 
…. 

Saaty 
assessment 

w2/w35 
⁞ ⁞ ⁞ …. ⁞ 
⁞ ⁞ ⁞ …. ⁞ 

C35 
Saaty 

assessment 
w35/w1 

Saaty 
assessment 

w35/w2 
…. 

Saaty 
assessment 

w35/w35 

 �𝐶𝐶1

𝑛𝑛

𝑖𝑖=1

 �𝐶𝐶2

𝑛𝑛

𝑖𝑖=1

 …. �𝐶𝐶35

𝑛𝑛

𝑖𝑖=1

 

Step 4. Calculate the normalized criteria matrix vs. the 
criteria. 

Performing the normalization of Table 6, each assessment is 
divided by the total sum of each criterion. Once the normalization 
is done, the next step is to calculate the weighting of each criterion, 
which is obtained by averaging each criterion, see Table 7. 

Table 7: Normalized matrix.  

Criteria 
Criteria 

Weighting 
C1 C2 … C35 

C1 

(Saaty 
assessment 

w1/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w1/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

… 

(Saaty 
assessment 

w1/w35)/ 
(∑ 𝐶𝐶35𝑛𝑛

𝑖𝑖=1 ) 

Row 
average C1 

C2 

(Saaty 
assessment 

w2/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w2/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

… 

(Saaty 
assessment 

w2/w35)/ 
(∑ 𝐶𝐶35𝑛𝑛

𝑖𝑖=1 ) 

Row 
average C2 

⁞ ⁞ ⁞  ⁞ ⁞ 

⁞ ⁞ ⁞  ⁞ ⁞ 

C35 

(Saaty 
assessment 

w35/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w35/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

 

(Saaty 
assessment 
w35/w35)/ 

(∑ 𝐶𝐶35𝑛𝑛
𝑖𝑖=1 ) 

Row 
average C35 

Step 5. Calculate consistency of criteria matrix vs. criteria 

Multiply the evaluated matrix (Table 6) by the weighting 
vector in Table 7, then add the products to obtain the λmax "o" 
nmax, which indicates if there is consistency in the matrix, 
according to α [63], [64]. 

Step 6. Use the Saaty scale to assess the comparative matrix 
of alternatives vs. each criterion. 

In Table 8, each alternative is evaluated and compared with the 
alternative of each criterion. In this case, 35 matrices will be 
obtained, representing each criterion; each matrix is 3x3. 

Table 8: Assessment with Saaty scale [61], [62]. 

Criterion C1 

Alternatives vs. alternatives comparison matrix (3x3) 

Alternatives a) Alternative 1 
(Case 1) 

b) Alternative 2 
(Case 2) 

c) Alternative 3 
(Case 3) 

Alternative 1 
(Case 1) 

Saaty 
assessment 

w1/w1 

Saaty 
assessment 

w1/w2 

Saaty 
assessment 

w1/w3 

Alternative 2 
(Case 2) 

Saaty 
assessment 

w2/w1 

Saaty 
assessment 

w2/w2 

Saaty 
assessment 

w2/w3 

Alternative 3 
(Case 3) 

Saaty 
assessment 

w3/w1 

Saaty 
assessment 

w3/w2 

Saaty 
assessment 

w3/w3 

Total (Sum) �𝐶𝐶1

𝑛𝑛

𝑖𝑖=1

 �𝐶𝐶2

𝑛𝑛

𝑖𝑖=1

 �𝐶𝐶3

𝑛𝑛

𝑖𝑖=1

 

Step 7. Calculate the normalized matrix of alternatives vs. 
each criterion. 

This normalization consists of dividing each assessment by the 
sums in Table 8, then averaging the normalization of each 
alternative, to obtain the weighting, as shown in Table 9. 

Table 9: Normalized matrix.  

Criterion C1 

Normalized matrix (3x3) 

Alternatives Alternative 
1 (Case 1) 

Alternative 
2 (Case 2) 

Alternative 
3 (Case 3) 

Average 
Vector 
C1/An 

Alternative 1 
(Case 1) 

(Saaty 
assessment 

w1/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w1/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w1/w3)/ 
(∑ 𝐶𝐶3𝑛𝑛

𝑖𝑖=1 ) 

Row 
average 

Alternative 
1 (C1/A1) 

Alternative 2 
(Case 2) 

(Saaty 
assessment 

w2/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w2/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w2/w3)/ 
(∑ 𝐶𝐶3𝑛𝑛

𝑖𝑖=1 ) 

Row 
average 

Alternative 
2 (C1/A2) 

Alternative 3 
(Case 3) 

(Saaty 
assessment 

w3/w1)/ 
(∑ 𝐶𝐶1𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w3/w2)/ 
(∑ 𝐶𝐶2𝑛𝑛

𝑖𝑖=1 ) 

(Saaty 
assessment 

w3/w3)/ 
(∑ 𝐶𝐶3𝑛𝑛

𝑖𝑖=1 ) 

Row 
average 

Alternative 
3 (C1/A3) 

Step 8. Calculate the consistency of the matrix of alternatives 
vs. each criterion 

This calculation is done in the same way as in step 5. The 
matrix in Table 8 is taken by the average vector in Table 9. This 
procedure is done for all 35 criteria. 

Step 9. AHP Final Results Matrix. 

Making this matrix, only the average vectors of the 35 matrices 
calculated in step 7 are taken, and finally, the weights of step 4 are 
taken from Table 10. 

Step 10. Prioritization of each case. 

It is the last step in our proposed model to obtain the 
prioritization of each case or alternative. First, each of the average 
vectors of each alternative is multiplied by the weighting with the 
same criterion, resulting in 35 products. Then, the resulting 
products are added up to obtain the prioritization of each 
alternative (Table 10). 
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Table 10: Normalized matrix (3x3). 
Criteria/Cases 
(Alternatives) 

Alternative 1 
(Case 1) 

Alternative 2 
(Case 2) 

Alternative 3 
(Case 3) 

Weighting 

C1 Average 
Vector C1/A1 

Average 
Vector C1/A2 

Average 
Vector C1/A3 

Weighting 
C1 

C2 ⁞ ⁞ ⁞ Weighting 
C2 

⁞ ⁞ ⁞ ⁞ ⁞ 
⁞ ⁞ ⁞ ⁞ ⁞ 

C35 Average 
Vector C35/A1 

Average 
Vector C35/A2 

Average 
Vector C35/A3 

Weighting 
C35 

Prioritization Prioritization 
1 

Prioritization 
2 

Prioritization 
3 

 

4. Results 

Table 11 shows the comparative matrix of the three alternatives 
against the thirty-five criteria. This table is the beginning of the 
application of the AHP technique. 

Table 11: Initial comparative matrix of cases and criteria. 

Criteria 

Alternatives (Cases) Points for 
each 
criterion 
(From 1 to 
100) 

Weight 
(Percentage) 

a) The current state 
without sustainability 
(Case 1) 

 b) Cost leadership 
strategy with the 
possibility of 
sustainability (Case 2) 

 c) Differentiation 
strategy with the 

possibility of 
sustainability (Case 3) 

C1 Scale Economies 3 3 1 66 2.84% 
C2 Product differentiation  1 1 5 66 2.84% 
C3 Brand positioning  1 3 5 60 2.58% 
C4 Input differentiation  1 3 5 40 1.72% 
C5 Impact of inputs on cost or differentiation 1 4 4 40 1.72% 
C6 The relative price performance of substitutes 1 3 3 62 2.67% 
C7 The propensity of buyers to substitute 1 1 5 75 3.23% 
C8 High negotiating power of the buyer 1 1 5 80 3.44% 

C9 
Industry Rivalry (High, considering that the 
competition is international) 1 1 5 80 3.44% 

C10 Low labor cost 2 3 3 38 1.64% 
C11 Horizontal and vertical cooperation 1 2 5 90 3.87% 
C12 Technology and Innovation 2 3 5 72 3.10% 
C13 Administrative and production knowledge 2 3 5 73 3.14% 
C14 Government policy (No intervention) 3 2 5 79 3.40% 
C15 Consumer's level of acquisition 1 2 5 81 3.49% 
C16 Materials 1 2 5 45 1.94% 
C17 Energy 1 2 5 68 2.93% 
C18 Water 1 2 5 67 2.88% 
C19 Biodiversity 2 2 5 56 2.41% 
C20 Emissions 2 2 5 57 2.45% 

C21 
Regulatory compliance and environmental 
standards 2 3 5 89 3.83% 

C22 
Supplier selection based on environmental 
performance 1 2 5 90 3.87% 

C23 
Labor Practices, Decent Work, Health and Safety 
at Work 2 3 5 40 1.72% 

C24 
Investment in training and education based on 
labor practices, human rights, and social impact 1 3 5 39 1.68% 

C25 
Diversity and equality of opportunity and 
redistribution 1 3 5 41 1.76% 

C26 
Supplier selection based on labor practices, 
human rights, and social impact 1 3 5 90 3.87% 

C27 Child and forced labor 4 4 5 57 2.45% 
C28 Rights of the indigenous population 3 3 5 56 2.41% 
C29 Local communities 3 3 5 53 2.28% 
C30 Fight against corruption 2 3 5 67 2.88% 
C31 Regulatory compliance and social standards 2 3 5 89 3.83% 
C32 Product Responsibility 3 3 5 68 2.93% 
C33 Consumer Awareness of Sustainability 1 2 5 85 3.66% 

C34 
Food security, improved nutrition, and promotion 
of sustainable agriculture 3 3 4 67 2.88% 

C35 

Partnerships to Achieve the Goals: Strengthening 
the Means of Implementation and Revitalizing 
the Global Partnership for Sustainable 
Development 

1 2 4 97 

4.18% 
 

 
   2323 100% 
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Continuing with the AHP technique, it is essential to know the 

consistency of the matrix. Since it is too large (35 x 35), it requires 
using the Alonso and Lamata’s consistency criteria [63], [64], 
where λmax is considered to accept or reject the consistency. 
According to calculations made with an α of 0.1, λmax has a value 
of 38,845, which indicates that this matrix has an adequate 
consistency, allowing the continuation of the AHP technique.  

In Table 12, the comparison between the alternatives is made 
according to criterion 1 (C1), then it is normalized (average 
vector); this procedure is performed for the 35 criteria. 

Table 12: Comparative matrix of cases for each criterion. 

Criterion C1: Scale Economies Normalized matrix 

Alternativ
es 

Case 1 
(Alternati
ve 1) 

Case 2 
(Alternati
ve 2) 

Case 3 
(Alternati
ve 3) 

Cas
e 1 

Cas
e 2 

Cas
e 3 

Averag
e 
Vector 

Case 1 
(Alternati
ve 1) 1     1     5      4/9  4/9  4/9 0.45 

Case 2 
(Alternati
ve 2) 1     1     5      4/9  4/9  4/9 0.45 

Case 3 
(Alternati
ve 3)  1/5  1/5 1     

0.0
9 

0.0
9 

0.0
9 0.09 

Total 
(∑ 𝐶𝐶𝑖𝑖𝑛𝑛

𝑖𝑖=1 ) 2.20 2.20 11.00 
    

In Table 13, the final result of AHP can be seen, where the 
weights of the 35 x 35 matrix and the average vectors of the 35 
comparative matrices of the three cases by criterion are shown. The 
final result is the prioritization of each case. This prioritization can 
be interpreted as the final assessment or evaluation that each case 
has according to the 35 criteria. 

Case 1 (alternative 1) has a low value (9.49%) because its 
current situation is casual, here there are no defined strategies, the 
collaboration of the supply chain is not ideal, sustainability is not 
contemplated, among other aspects defined in stage 1.  

While case 2 (alternative 2), with the strategy of cost leadership 
with the possibility of sustainability, shows a percentage of 
17.30%. Based on the current situation, this percentage indicates 
that the combination of this strategy with sustainability would be 
more challenging to carry out compared to case 3. It does not mean 
that it is impossible, but it would be more challenging to shift to 
sustainability. It is difficult for organizations to compete with 
unsustainable low-cost products in the foreign market in the 
current situation, making it somewhat unfeasible to have this 
strategy along with sustainability. It could increase their costs and 
lead to unequal competition. 

Finally, case 3 (alternative 3), referring to the strategy of 
differentiation with the possibility of sustainability, has the highest 
value (73.21%). It indicates better compatibility and strategic 
feasibility between competitiveness and sustainability. It is 
because sustainability could be more easily aligned while 
providing a competitive advantage. However, a more significant 
challenge to achieving full sustainability can be seen in the supply 
chain of this SME because it is in the agri-food sector. If it goes 
more in-depth at the farmer level, it is difficult to achieve 100 % 

sustainability because it would need to reach a natural ecosystem 
to do so [69]. 

Table 13: AHP final results. 

Criteria / 
Cases 
(Alternatives) 

Case 1 
(Alternative 
1) 

Case 2 
(Alternative 
2) 

Case 3 
(Alternative 
3) 

Weighting 

C1 0.4545 0.4545 0.0909 0.0178 

C2 0.0909 0.0909 0.8182 0.0178 

C3 0.0612 0.2157 0.7231 0.0106 

C4 0.0612 0.2157 0.7231 0.0050 

C5 0.0667 0.4667 0.4667 0.0050 

C6 0.0909 0.4545 0.4545 0.0110 

C7 0.0909 0.0909 0.8182 0.0362 

C8 0.0909 0.0909 0.8182 0.0391 

C9 0.0909 0.0909 0.8182 0.0391 

C10 0.1429 0.4286 0.4286 0.0044 

C11 0.0685 0.1549 0.7766 0.0737 

C12 0.0833 0.1932 0.7235 0.0339 

C13 0.0833 0.1932 0.7235 0.0350 

C14 0.1932 0.0833 0.7235 0.0374 

C15 0.0685 0.1549 0.7766 0.0414 

C16 0.0685 0.1549 0.7766 0.0058 

C17 0.0685 0.1549 0.7766 0.0209 

C18 0.0685 0.1549 0.7766 0.0192 

C19 0.1111 0.1111 0.7778 0.0095 

C20 0.1111 0.1111 0.7778 0.0097 

C21 0.0833 0.1932 0.7235 0.0665 

C22 0.0685 0.1549 0.7766 0.0737 

C23 0.0833 0.1932 0.7235 0.0050 

C24 0.0612 0.2157 0.7231 0.0046 

C25 0.0612 0.2157 0.7231 0.0056 

C26 0.0612 0.2157 0.7231 0.0737 

C27 0.2000 0.2000 0.6000 0.0097 

C28 0.1429 0.1429 0.7143 0.0091 

C29 0.1429 0.1429 0.7143 0.0087 

C30 0.0833 0.1932 0.7235 0.0192 

C31 0.0833 0.1932 0.7235 0.0665 

C32 0.1429 0.1429 0.7143 0.0209 

C33 0.0685 0.1549 0.7766 0.0632 

C34 0.2000 0.2000 0.6000 0.0192 

C35 0.0833 0.1932 0.7235 0.0823 

Prioritization 0.0949 0.1730 0.7321 1 
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5. Discussion 

This study shows that there are more compatibility and 
feasibility between the differentiation strategy and sustainability, 
causing at the same time a competitive advantage. While some 
strategic incompatibilities can be observed with the cost 
leadership strategy and sustainability, the effects are presented in 
the costs and, consequently, the competitiveness. It coincides that 
SSCM practices do not necessarily reduce costs related to 
sustainability [17], [18].  

The proposed model shows a high degree of difficulty in 
assessing sustainability and competitiveness strategically. It was 
validated through a Mexican agri-food focal SME. The model 
demonstrates that it is possible a large number of criteria for 
decision-making, considering Alonso and Lamata’s terms [63], 
[64]. To carry out this assessment, it is necessary to have an in-
depth and particular knowledge of the company's situation, its 
environment, and its supply chain. It agrees that particular 
circumstances of each supply chain must be assessed, considering 
all factors, both internal and external, which may vary over time 
[20]. 

Everything indicates that the effects of the COVID-19 
pandemic will drive and accelerate a change in people's eating 
habits [70], prioritizing consumption in local food supply chains 
[71]. All of the above, together with climate change and its effects 
[8], [9], as well as changes in the governmental agendas of various 
countries due to the COVID-19 pandemic [1], such as Mexico, 
would lead to an increase of SSCM practices in local, national and 
international food sector.  

The COVID-19 pandemic can be taken as a reference for 
issues such as food insecurity and ultra-processed food products 
that affect the health and welfare of people. The crisis that has 
brought this pandemic should lead us to think further, as we have 
more challenges ahead, such as climate change, environmental 
impacts, poverty, among other aspects that could cause instability 
around the world. Thus, the current situation should be a lesson 
on what is wrong, and an impetus to further progress towards the 
17 Sustainable Development Goals, in this case, through the 
SSCM theory. The SSCM must continue to evolve in order to 
improve food supply chains, so this model contributes to the 
strategic planning of the SSCM in order to develop greater long-
term resilience in Mexican agri-food SMEs. 

6. Conclusions 

This study finds more feasibility and compatibility to achieve 
sustainability with a differentiation strategy than with a cost 
leadership strategy. As could be seen, strategies have an essential 
role in promoting sustainability and competitiveness. Therefore, 
they must be considered in SSCM's strategic planning and tactical 
and operational planning, aligning them and fitting them to the 
core business of the focal companies and the supply chain 
members. It is also found that the proposed strategic initiatives in 
SSCM would lead to a competitive advantage due to the difficulty 
of replicating them. 

The proposed model provides support to assess and develop 
the sustainable and competitive part of the strategic planning in 
SSCM, without running the economic risks that an 

implementation represents. It highlights how complex it may be 
to assess an SME and its supply chain strategically due to the high 
number of criteria used, but at the same time, these criteria 
provide important aspects for decision making.  

This strategic model contributes to prevent or face problems 
such as the COVID-19 pandemic and climate change, providing 
knowledge to the SSCM. It is designed to apply to both small and 
medium-sized focal companies that lead their supply chain in the 
food sector, considering sustainability and competitiveness 
strategically through specific metrics. 

In future research, it is intended to apply the model to more 
small and medium Mexican agri-food companies that lead their 
supply chains to carry out comparative case studies to contribute 
knowledge to the SSCM theory and, at the same time to continue 
executing and improving the proposed model. 

Conflict of Interest 

The authors declare no conflict of interest. 

Acknowledgment 

The authors are thankful to the Instituto Tecnológico Superior de 
Tepexi de Rodríguez, and to the UPAEP (Universidad Popular 
Autónoma del Estado de Puebla) for the support and collaboration 
of this research. Likewise, Dr. Yonatan thanks CONACYT 
(Consejo Nacional de Ciencia y Tecnología) from Mexico for the 
support during his doctoral studies.  

References 

[1] Economic Commission for Latin America and the Caribbean & Food and 
Agriculture Organization of the United Nations, COVID-19 Report ECLAC-
FAO. Preventing the COVID-19 crisis from becoming a food crisis. United 
Nations, 2020. https://www.cepal.org/en/publications/45726-preventing-
covid-19-crisis-becoming-food-crisis-urgent-measures-against-hunger 

[2] S. Singh, R. Kumar, R. Panchal, M.K. Tiwari, “Impact of COVID-19 on 
logistics systems and disruptions in food supply chain,” International Journal 
of Production Research, 1–16, 2020, doi:10.1080/00207543.2020.1792000. 

[3] P. Udmale, I. Pal, S. Szabo, M. Pramanik, A. Large, “Global food security in 
the context of COVID-19: A scenario-based exploratory analysis,” Progress 
in Disaster Science, 7, 100120, 2020, doi:10.1016/j.pdisas.2020.100120. 

[4] F. Wu, S. Zhao, B. Yu, Y.-M. Chen, W. Wang, Z.-G. Song, Y. Hu, Z.-W. Tao, 
J.-H. Tian, Y.-Y. Pei, M.-L. Yuan, Y.-L. Zhang, F.-H. Dai, Y. Liu, Q.-M. 
Wang, J.-J. Zheng, L. Xu, E.C. Holmes, Y.-Z. Zhang, “A new coronavirus 
associated with human respiratory disease in China,” Nature, 579(7798), 265–
269, 2020, doi:10.1038/s41586-020-2008-3. 

[5] L.M. Castillo, C. O., Castillo, M.P., Limón, J.L., Tamayo, La colisión de dos 
pandemias: COVID-19 y obesidad, 2020. 
http://www.doctorcarbajo.com/doc/OBESIDAD_Y_COVID-19.pdf 

[6] J. Eaton, Pillars of the Nutrition Transition: The Global Impacts of Ultra-
Processed Foods and Beverages on Overweight and Obesity and National 
Nutrient Supplies, 2020. https://openscholarship.wustl.edu/art_sci_etds/2180 

[7] A. Majumdar, M. Shaw, S.K. Sinha, “COVID-19 debunks the myth of 
socially sustainable supply chain: A case of the clothing industry in South 
Asian countries,” Sustainable Production and Consumption, 24, 150–155, 
2020, doi:10.1016/j.spc.2020.07.001. 

[8] N.J. Rowan, C.M. Galanakis, “Unlocking challenges and opportunities 
presented by COVID-19 pandemic for cross-cutting disruption in agri-food 
and green deal innovations: Quo Vadis?,” Science of The Total Environment, 
748, 141362, 2020, doi:10.1016/j.scitotenv.2020.141362. 

[9] J. Sarkis, P. Dewick, J.S. Hofstetter, P. Schröder, “Overcoming the Arrogance 
of Ignorance: Supply-Chain Lessons from COVID-19 for Climate Shocks,” 
One Earth, 3(1), 9–12, 2020, doi:10.1016/j.oneear.2020.06.017. 

[10] C.R. Carter, D.S. Rogers, “A framework of sustainable supply chain 
management: moving toward new theory,” International Journal of Physical 

http://www.astesj.com/


Y. López-Santos et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 5, 1214-1224 (2020) 

www.astesj.com     1223 

Distribution & Logistics Management, 38(5), 360–387, 2008, 
doi:10.1108/09600030810882816. 

[11] S. Seuring, “Supply chain management for sustainable products - insights 
from research applying mixed methodologies,” Business Strategy and the 
Environment, 20(7), 471–484, 2011, doi:10.1002/bse.702. 

[12] Q. Zhu, J. Sarkis, K. Lai, Y. Geng, “The role of organizational size in the 
adoption of green supply chain management practices in China,” Corporate 
Social Responsibility and Environmental Management, 15(6), 322–337, 2008, 
doi:10.1002/csr.173. 

[13] M. Ehrgott, F. Reimann, L. Kaufmann, C.R. Carter, “Social Sustainability in 
Selecting Emerging Economy Suppliers,” Journal of Business Ethics, 98(1), 
99–119, 2011, doi:10.1007/s10551-010-0537-7. 

[14] Y. López Santos, “La administración de la cadena de suministro sustentable 
y las pequeñas y medianas empresas de economías emergentes: caso México 
/ The Sustainable Supply Chain Management and the Small and medium-
sized enterprises of emerging economies: The case of Mexico,” RICEA 
Revista Iberoamericana de Contaduría, Economía Y Administración, 8(15), 
54–81, 2019, doi:10.23913/ricea.v8i15.124. 

[15] G. Vinayan, S. Jayashree, G. Marthandan, “Critical Success Factors of 
Sustainable Competitive Advantage: A Study in Malaysian Manufacturing 
Industries,” International Journal of Business and Management, 7(22), 2012, 
doi:10.5539/ijbm.v7n22p29. 

[16] R.C. Walke, V. Topkar, S. Kabiraj, “Managing Risk for Green Supply Chain 
Management : Competitive Strategies for Manufacturing Companies,” 
Skyline Business Journal, 6(1), 1–10, 2010. 
https://www.skylineuniversity.ac.ae/pdf/sbj/SBJ2010.pdf#page=7 

[17] J. Wolf, “Sustainable Supply Chain Management Integration: A Qualitative 
Analysis of the German Manufacturing Industry,” Journal of Business Ethics, 
102(2), 221–235, 2011, doi:10.1007/s10551-011-0806-0. 

[18] A. Esfahbodi, Y. Zhang, G. Watson, “Sustainable supply chain management 
in emerging economies: Trade-offs between environmental and cost 
performance,” International Journal of Production Economics, 181, 350–366, 
2016, doi:10.1016/j.ijpe.2016.02.013. 

[19] M. Porter, Ventaja Competitiva. Creación y sostenimiento de un desempeño 
superior, (Segunda Edición Reformada),Grupo Editorial Patria, México, 2015. 

[20] P. Ahi, C. Searcy, “An analysis of metrics used to measure performance in 
green and sustainable supply chains,” Journal of Cleaner Production, 86, 360–
377, 2015, doi:10.1016/j.jclepro.2014.08.005. 

[21] World Commission on Environment and Development, Our Common Future, 
Oxford University Press, Oxford, 1987. 

[22] P. Chopra, S., Meindl, Administración de la Cadena de Suministro. Estrategia, 
planeación y operación, Pearson, México, 2013. 

[23] S. Seuring, M. Müller, “From a literature review to a conceptual framework 
for sustainable supply chain management,” Journal of Cleaner Production, 
16(15), 1699–1710, 2008, doi:10.1016/j.jclepro.2008.04.020. 

[24] O. Chkanikova, “Sustainable supply chain management: Theoretical literature 
overview,” International Institute for Industrial Environmental Economics, 
Lund University., 2012. 

[25] L.B. da C. Dalé, L.B. Roldan, P.B. Hansen, “Analysis of Sustainability 
Incorporation by Industrial Supply Chain in Rio Grande do Sul State (Brazil),” 
Journal of Operations and Supply Chain Management, 4(1), 25, 2011, 
doi:10.12660/joscmv4n1p25-36. 

[26] A. Rushton, P. Croucher, P. Baker, The handbook of logistics & distribution 
management, Kogan Page Limited, Great Britain , 2010. 

[27] M.E. Porter, M.R. Kramer, “Creating Shared Value,” Harvard Business 
Review, 89(1/2), 62–77, 2011. 

[28] J. Koplin, “Integrating Sustainability into Supply Management - Cooperation 
with Suppliers for Managing Environmental and Social Guidelines and 
Standards,” 1–17, 2003. 

[29] R.W. Saaty, “The analytic hierarchy process—what it is and how it is used,” 
Mathematical Modelling, 9(3–5), 161–176, 1987, doi:10.1016/0270-
0255(87)90473-8. 

[30] H. A. Taha, Investigación de operaciones, Pearson Educación, México, 2012. 
[31] R. Toledo, A. Engler, V. Ahumada, “Evaluation of Risk Factors in Agriculture: 

An Application of the Analytical Hierarchical Process (AHP) Methodology,” 
Chilean Journal of Agricultural Research, 71(1), 114–121, 2011, 
doi:10.4067/S0718-58392011000100014. 

[32] I. Sánchez Cohen, G. Díaz Padilla, H. Macías Rodríguez, J. Estrada Ávalos, 
“Proceso jerárquico analítico para la toma de decisiones en el manejo de los 
recursos naturales,” Revista Mexicana de Ciencias Agrícolas, 1(3), 306–316, 
2010. http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-
09342010000300003 

[33] E. Martínez Rodríguez, “Aplicación del proceso jerárquico de análisis en la 
selección de la lozalización de una PYME,” Anuario Jurídico Y Económico 
Escurialense, 40, 523–542, 2007. 

[34] P.K. Dey, “Benchmarking project management practices of Caribbean 
organizations using analytic hierarchy process,” Benchmarking: An 
International Journal, 9(4), 326–356, 2002, doi:10.1108/14635770210442680. 

[35] O. Ahumada, J.R. Villalobos, “Application of planning models in the agri-
food supply chain: A review,” European Journal of Operational Research, 
196(1), 1–20, 2009, doi:10.1016/j.ejor.2008.02.014. 

[36] Secretaría de Economía, Segundo informe de labores 2013-2014, 2014. 
https://www.profeco.gob.mx/transparencia/informe_labores_SE_2013-
2014.pdf 

[37] Diario oficial de la federación, Programa de Desarrollo Innovador 2013 – 
2018, 2013. 
http://www.dof.gob.mx/nota_detalle_popup.php?codigo=5326479 

[38] M. Ramírez, J. Delgado, “Modelo de alianza estratégica con base en la 
empresa integradora para PYMES con tecnología tradicional,” in 14 
Convención Científica de Ingeniería y Arquitectura, La Habana, Cuba, 2008. 
https://www.researchgate.net/profile/Mercedes_Delgado_Fernandez/publicat
ion/314142824_Modelo_de_alianza_estrategica_con_base_en_la_empresa_i
ntegradora_para_PYMES_con_tecnologia_tradicional/links/58b6f9f292851c
471d47a0c2/Modelo-de-alianza-estrategica-con-base-en-la-empresa-
integradora-para-PYMES-con-tecnologia-tradicional.pdf 

[39] M.T. Magallón Diez, M.T. Montoya Flores, “Sustentabilidad y 
Organizaciones. Reflexiones a partir del análisis de la ‘Red de Ecoproductores 
y Consumidores Origen Volcanes.’. (Spanish),” Administracion Y 
Organizaciones, 14(27), 123–148, 2011. 

[40] N. Mun, J. Seo, “Fair trade for coffee producing small-scale farmers in 
Mexico.,” Portes: Revista Mexicana de Estudios Sobre La Cuenca Del 
Pacifico, 6(11), 27–49, 2012.  

[41] E. Michelena Fernández, F. Espinosa Mejía, “Modelo de administración para 
la operación sustentable y gestión de la calidad en las agroindustrias de café: 
Estudio de caso,” Ingeniería Industrial, 28(3), 4, 2007. 
https://www.redalyc.org/pdf/3604/360433564004.pdf 

[42] E. Kú, V., Pool, L., Mendoza, J. Aguirre, “Propuesta metodológica para 
evaluar proyectos productivos con criterios locales de sustentabilidad en 
Calakmul, México,” Avances En Investigación Agropecuaria, 17(1), 9–34, 
2012. 

[43] B. van Hoof, T.P. Lyon, “Cleaner production in small firms taking part in 
Mexico’s Sustainable Supplier Program,” Journal of Cleaner Production, 41, 
270–282, 2013, doi:10.1016/j.jclepro.2012.09.023. 

[44] B. van Hoof, M. Thiell, “Collaboration capacity for sustainable supply chain 
management: small and medium-sized enterprises in Mexico,” Journal of 
Cleaner Production, 67, 239–248, 2014, doi:10.1016/j.jclepro.2013.12.030. 

[45] B. van Hoof, “Organizational learning in cleaner production among Mexican 
supply networks,” Journal of Cleaner Production, 64, 115–124, 2014, 
doi:10.1016/j.jclepro.2013.07.041. 

[46] B. van Hoof, M. Thiell, “Anchor company contribution to cleaner production 
dissemination: experience from a Mexican sustainable supply programme,” 
Journal of Cleaner Production, 86, 245–255, 2015, 
doi:10.1016/j.jclepro.2014.08.021. 

[47] M. Rosas-Baños, R. Lara-Rodríguez, “Desarrollo endógeno local sustentable 
y propiedad común: San pedro el alto, México,” Cuadernos de Desarrollo 
Rural, 10(71), 59–80, 2013. 
https://revistas.javeriana.edu.co/index.php/desarrolloRural/article/view/6268 

[48] V. M. Toledo, B. Ortiz-Espejel, Regiones que caminan hacia la 
sustentabilidad. Una geopolítica de las resistencias bioculturales, Universidad 
Iberoamericana Puebla. 1-139, México, 2014. 

[49] C. Martínez, M. Muñozcano, J. Santoyo, Paquete tecnológico para el 
establecimiento de malanga, Colección RP, México.  

[50] C. Olguín, Manual para el cultivo de Malanga, 1997. 
[51] M.D.C. Olguín-Palacios, C., Álvarez-Ávila, “La malanga (Colocasia 

esculenta (L.) Schott) bajo un enfoque de investigacion-desarrollo,” 
AGROProductividad, 4(4), 2011. 
https://go.gale.com/ps/anonymous?id=GALE%7CA382656502&sid=google
Scholar&v=2.1&it=r&linkaccess=fulltext&issn=&p=IFME&sw=w 

[52] L. Madrigal-Ambriz, J. Hernández-Madrigal, M. Carranco-Jáuregui, M. 
Calvo-Carrillo, R. Casas-Rosado, “Caracterización física y nutricional de 
harina del tubérculo de ‘Malanga’ (Colocasia esculenta L. Schott) de Actopan, 
Veracruz, México.,” Archivos Latinoamericanos de Nutrición, 68(2), 175–
183, 2018. 
https://search.proquest.com/openview/cf1f760852cdc0cab6bc4ffe9df9370d/
1?pq-origsite=gscholar&cbl=2032499 

[53] Servicio de Información Agroalimentaria y Pesquera, Datos abiertos. 
Estadística de Producción Agrícola, 2017. 
http://infosiap.siap.gob.mx/gobmx/datosAbiertos.php. 

[54] V. Asiain, A., Arvizu, E., Gallardo, F., Chalate, H., Acosta, J. Moreno, 

http://www.astesj.com/


Y. López-Santos et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 5, No. 5, 1214-1224 (2020) 

www.astesj.com     1224 

Tipología y caracterización de los sistemas de producción de malanga en los 
estados de Oaxaca, Tabasco y Veracruz, México, 2017. 

[55] Y. López Santos, E. Arvizu Barrón, A. Asiain Hoyos, Y. Mayett Moreno, J.L. 
Martínez Flores, “Análisis competitivo de la actividad productiva de la 
malanga: un enfoque basado en la teoría de Michael Porter / Competitive 
analysis of the taro productive activity: an approach based on the Michael 
Porter´s theory,” RIDE Revista Iberoamericana Para La Investigación Y El 
Desarrollo Educativo, 8(16), 729–763, 2018, doi:10.23913/ride.v8i16.366. 

[56] R. Yin, "Case Study Research. Design and Methods", Sage. Publications, 
London, 1994. 

[57] Diario Oficial de la Federación, Acuerdo por el que se establece la 
estratificación de las micro, pequeñas y medianas empresas, 2009. 
http://dof.gob.mx/nota_detalle.php?codigo=5096849&fecha=30/06/2009 

[58] G. Sartori, L. Morlino, La Comparación en las Ciencias Sociales.Alianza 
Editorial, Madrid, 1994 

[59] A. Pérez-Liñán, El Método Comparativo: Fundamentos y Desarrollos 
Recientes, Universidad de Pittsburgh, Pittsburgh, 2007. 

[60] T.L. Saaty, “A scaling method for priorities in hierarchical structures,” 
Journal of Mathematical Psychology, 15(3), 234–281, 1977, 
doi:10.1016/0022-2496(77)90033-5. 

[61] T.L.Saaty, The Analytic Hierarchy Process. McGraw-Hill, New York, 1980. 
[62] T.L. Saaty, “How to Make a Decision: The Analytic Hierarchy Process,” 

Interfaces, 24(6), 19–43, 1994, doi:10.1287/inte.24.6.19. 
[63] J.A. Alonso, M.T. Lamata, A Statistical Criterion of Consistency in the 

Analytic Hierarchy Process, 67–76, 2005, doi:10.1007/11526018_8. 
[64] J.A. Alonso, M.T. Lamata, “Consistency in the analytic hierarchy process: a 

new approach,” International Journal of Uncertainty, Fuzziness and 
Knowledge-Based Systems, 14(4), 445–459, 2006, 
doi:10.1142/S0218488506004114. 

[65] M. Porter, “The five competitive forces that shape strategy,” Harvard Business 
Review, 86(1), 2008. 

[66] M. Porter, “The Competitive Advantage of Nations,” Harvard Business 
Review, 68(2), 73–91, 1990. 

[67] United Nations, La Asamblea General adopta la Agenda 2030 para el 
Desarrollo Sostenible, 2015. 
http://www.un.org/sustainabledevelopment/es/2015/09/la-asamblea-general-
adopta-la-agenda-2030-para-el-desarrollo-sostenible/ 

[68]  Global Reporting Initiative, G4 Sustainability Reporting Guidelines. 
Reporting principles and standard disclosures, Global Reporting Initiative, 
Amsterdam, Netherlands, 2013. 

[69] S.R. Gliessman, Agroecology, CRC Press, 2006, doi:10.1201/b17420. 
[70] M. del R. Vergara-Castañeda, A., Lobato-Lastiri, M., Díaz-Gay, M., Ayala-

Moreno, “Cambios en el comportamiento alimentario en la era del COVID-
19,” Revista Latinoamericana De Investigación Social, 3(1), 27–30, 2020. 
https://repositorio.lasalle.mx/handle/lasalle/1767 

[71] J.E. Hobbs, “Food supply chains during the COVID‐19 pandemic,” Canadian 
Journal of Agricultural Economics/Revue Canadienne D’agroeconomie, 68(2), 
171–176, 2020, doi:10.1111/cjag.12237. 

 

http://www.astesj.com/

	2. Literature review
	2.1. Sustainable Supply Chain Management
	2.2. Sustainable Supply Chain Management and Competitiveness
	2.3. Analytic Hierarchy Process and Supply Chains
	2.4. The Sustainable Supply Chain and Mexican Agri-food SMEs
	2.5. The malanga (Colocasia esculenta) production

	3. Methodology
	3.1. Proposed model

	4. Results
	5. Discussion
	6. Conclusions
	Conflict of Interest
	Acknowledgment

	References

