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Abstract. The aim of this work consisted in applying the Analytic 

Hierarchy Process (AHP) by considering the generic criteria and sub-

criteria to select logistic operator to store and transport frozen products. 

The outcome of the AHP analysis is a preference priority for each 

alternative operator describing the expected performance level.  Results 

pointed that the proposed model could be considered as a good alternative 

to this problem, thus contributing to achieve the goals of the organization. 
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1 Introduction 

 The analytic hierarchy process (AHP) is a structured technique for 

organizing and analyzing complex decisions, The AHP method was developed during 

the 70’s by Thomas Saaty [1] to solve complex problems that involves multicriteria 

decisions [2] and has been extensively studied and refined since then. The 

applications of AHP to complex decision situations have produced extensive results in 

problems involving planning, resource allocation, priority setting, and selection of 

logistic operators, among alternatives.  

 AHP’s use for logistic operator selection consists in an important aspect to 

identify and consider the criteria [3, 4, 5, 6], by knowing the contractor demands in 

order to achieve the main goal [7, 8], and evaluate alternatives and contract logistic 

operators that are more efficient [9] adding value to the supply chain [10], by using a 

evaluation method of analysis before the contractual formalization [11, 12, 13], to 

verify whether it is worth to outsource or internalize the activities [8].    

 Usually the focus is on selecting a service provider that has the relational 

capacity to facilitate the business integration, operation and quality treatment [14], 

that turns out more feasible to collaboration [15], including establishing common 

goals to control the performance and the strategic alignment of the partnership [16] to 

manage the service level [17]. 

mailto:geraldo.prod@ig.com.br
http://en.wikipedia.org/wiki/MCDA
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 Regarding the quality analysis, it was developed a model based on 

SERVQUAL (quality dimensions), taking into account the criteria utilized for logistic 

operator selection [18].  

 It has been found some works, in which the AHP method was used to select 

logistic service providers to operate reverse logistic that could be considered a 

complex decision, once it is a recent operation, that needs reliability [19, 20, 21,22], 

with contractual renegotiation guaranteed politics [22] and mainly, really contributes 

with sustainability by reducing waste on transport and storage [15]. Other researchers 

used the AHP to select logistic operators to act on manufacturing of contractor [23, 

24]. 

In Table 1 it is shown the logistic operator selection generic criteria and sub-

criteria developed by action research in logistic services outsourcing processes on 

Brazil in the last six years. But, with a deep revision in literature it was possible to 

identify the researches that corroborate with the criteria and sub-criteria established 

on practice, making it possible to assure that it is made of a 15 criteria and 67 sub-

criteria basis consolidated on theoretical research field. 

In the literature review it wasn’t identified researches that utilize the AHP to 

select logistic operators that storage and transport frozen refrigerated products and it 

was noted that it misses a more complete criteria and sub-criteria basis to apply the 

multicriteria analysis in outsourcing processes. Some researches produced fragmented 

results [3, 8, 9, 14, 18, 22] that makes it impossible to make decision.  

 In this context, the aim of this work consists in applying the AHP with 

support of the generic criteria and sub-criteria basis of logistic operator selection of 

storage and transport of frozen products. 

2 Methodology 

At first, the literature revision [25] was performed in the following data 

bases: Proquest, Ebsco, Science Direct, Emerald, Capes and academic Google, with 

the following keywords: (i)"Analytic hierarchy process" AND "outsourcing" AND 

"logistics"; (ii) "Analytic hierarchy process" AND  "selection" AND  "third party 

logistics"; (iii) "Analytic hierarchy process" AND  "selection" AND  "third-party 

logistics" e (iv) "Analytic hierarchy process" AND  "selection" AND  "service 

provider"  with the objective of electing the articles that utilized the AHP to select the 

logistic operators, summarizing 24 researches, that were submitted to content analysis 

to categorize the data in a spread sheet [26] of the main themes and criteria utilized. 

The utilized method was action research, in which the researcher is involved, 

along with the members of the analyzed organization, to deal with a problem, 

specifically in the appropriate selection of a logistic operator of storage and transport 

of frozen load [27], with that, the researcher participates in the process [28, 29, 30]. 

The process of action research involves five stages [28, 29, 30]: 

(i) Action research planning: – in this step,  it was identified along with 

the contractor, the insecurity in selecting a logistic operator to move and transport 
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frozen products, which brought up the following research’s question: how to select a 

logistic operator appropriate to store and transport frozen products.  

(ii) Instruments to collect field data:  – active participation in meetings, 

focal groups and documents analysis. The focal groups or observation groups 

generate important lessons about the observed phenomenon [30]. 

(iii) Action Plans: - the decision making relative to logistic operator 

selection inevitably includes a consideration and evidence based in multiccriteria for 

the decision making [3, 4, 5, 2, 6]. With that in mind, we adopted 16 criteria and 67 

sub-criteria of logistic operator selection [31]. 

 

Table 1. Criteria and Sub-criteria of logistic operator selection. 

Criteria Sub-criteria 
Corroborating 

Researches 

Cost Transport; Storage and handling; Delay on supplying and Devolutions. [23, 21, 7, 17, 9, 8] 

Financial 

stability 
Investment Capacity; Financial Health and Indebtedness.  [3, 14, 22, 9, 8] 

Adaptability Logistic Operator in lócus with the Contractor; Flexibility in the 

treatment, Cultural Compatibility and Common Planning.  
[17, 8] 

Operation 

Infrastructure 

Distribution Centers Location; Facilities Adequacy; Work Security; 

Loading; Truck Conditions; Equipment required for loading; Receipt in 

JIT without fault in the Logistic Operator; Equipment required in 
receipt; Equipment required for Moving; Handling Pallets without fault; 

Storage and Stacking in the warehouse; Equipment required in the 

warehouse; Separation to dispatch without fault; Uniting and Own cars; 
Equipment required to transport and dispatch of the order without fault 

in JIT. 

[18, 3, 22, 16, 17, 

8, 20, 6] 

Operation 

Management 

Management of: people; loading; receipt; storage; transport; quality and 

information. 
[14, 22, 19] 

Flexibility Treatment capacity; Negotiated nuances and Treatment Service to the 
Clients. 

[23, 3, 21, 15, 9, 

19, 8]  

Credibility Business Reputation; Logistic Partnership and amount of Contracts per 

year. 
[3, 14, 22, 6] 

Experience 

 
Service efficiency; Product’s amount of experience; Amount of time in 
the market and Clients range. 

[14, 7, 20, 6] 

 

Quality 

 

Quality Certification; Physical Integrity Compatibility; Logistic 

Operator seeks improvement in the process and Traceability. 
[23, 14, 21, 22, 9, 

8 

Information 

Technology 

Easy Communication (Electronic Data Interchange - EDI); (Enterprise 
Resource Planning - ERP); (Warehousing Management System- WMS); 

(Transport Management System TMS) and Routing (Global Positioning 

System - GPS).  

[23, 9, 19, 17, 20] 

Human 

Resources 

Employees Qualification; Capacity of Working in Group; Capacitation 

and practical test, Clothing and neatness of the employees. 
[14, 21, 22] 

Reliability Complete Order Dispatching; Classified Information Leaking; Security 
against load stealing and Fines due to no-treatment. 

[18, 8] 

Responsibility 

 
Operation in JIT and Dispatch in short term. 

[18, 23, 21, 22, 15, 

16, 17, 8] 

Empathy After-Sell and Commitment [18, 14]. 

Environmental Certification ISO 14000; Cleaner Production; Reverse Logistic and 

Training in environmental education 
[3, 22, 15, 16, 19, 

20] 

Source: [31, 32] corroborated with some researches  

In fact the process of decision making is commonly complex. The 

multiccriteria Decision Analysis could support  the decision maker to solve problems 

in which there are many goals to be reached at the same time. Three sets are initially 
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considered in the formulation of multiccriteria decision problems: the set of 

alternatives, the set of criteria and the set of consequences [33]. The process consists 

of the following stages: (1) Define the alternatives; (2) Define the relevant criteria to 

the decision problem; (3) Evaluate the alternatives related to the criteria; (4) Evaluate 

the relative importance of each criteria and (5) Determine the global evaluation of 

each alternative. 

Along the methods developed in the Multiccriteria Decisions research, the 

most well-known is the Analytic Hierarchy Process – AHP, developed by Thomas 

Saaty [1] to identify the relevant criteria through binary correlation, which allows to 

associate a priority value above other elements in a numerical scale, merging an 

hierarchical structure of the problem of decision with support of the mathematical 

modeling.  

 As an example, when using the decision matrix A, the AHP method 

calculates the partial results of the A set inside each criteria vi(Aj), j = 1, …, n, called 

impact value of the j alternative in relation to the i alternative, in which these results 

represent numerical values of the given data by the decision maker in each alternative 

comparison. The results are standardized by the expression 1:  

Σi=1 vi(Aj) = 1, for j = 1, ..., n;      (1) 

where n is the number of alternatives or compared elements. Each part of the sum 

consists in:  vi(Aj) = aij / Σi=1 aij , for j = 1, ..., n.  

This expression relates the priority vector of the alternative i in relation to the Ck 

criteria be: vk(Ai) = Σj=1 vi(Aj) / n , for  i = 1, ..., n     

After having the priority vector or the impact value of the alternatives under each 

Ck criteria, the next step is the criteria levels. In this case, we adopt again the verbal 

scale to the classification pair-to-pair of the criteria, that are standardized by the 

expression 2:  

      wi(Cj) = Cij / Σi=1 Cij ,  for j = 1, ..., m;     (2) 

where m is the number of criteria in the same level. The priority vector is obtained by:  

      wi(Ci) = Σi=1 w(Cj) / m , for i = 1, ..., m;                 (3)

 Finally, the final values of the alternatives are obtained through an 

aggregation process, standardized by the expression 4, in which:  

       f(Aj) = Σi=1 w(Ci) * vi(A ) , for j = 1, ..., n;                               (4) 

where n is the number of alternatives 

(iv) Implanting Actions – scale selection for decision making to identify 

the most relevant contractual criteria. The Table 2 shows the scale. 

 

Tabela 2. Criteria Evaluation Scale 
Value Definiton Explanation 

1 Same Importance Both criteria contribute in the same way to the objective. 

3 Little more Important The analysis and experience prove that a criteria is a little more 

important than the other. 
5 Much more Important The analysis and experience prove that a criteria is much more 

important than the other. 

7 A lot more Important The analysis and experience prove that a criteria is a lot more 

important than the other. 

9 Hugely more Important Without doubt, a criteria is predominant over the other one. 

Source: based on Saaty [1]. 
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(v) Discuss Results – the final stage implies in learning through 

reflection among the results of the action of the participants [29] to verify which 

logistic operator can successfully fulfill the operational capacities (criteria) required 

as described in the following stage.  

3 Results and Discussion 

The main focus of the corporation is the product industrialization. Thus, they 

decided to outsource its storage and frozen product transport processes, taking into 

account the dispatching capacity of the operators. So, three logistic operators have 

been chosen to be analysed by AHP method. 

 

Numerical  Application 

In this section, the multi-criteria group decision model is applied to a 

procedure for selecting logistic operators.  In order to obtain the Multicriteria 

numerical application it was used the AHP method based on the 16 criteria and 67 

sub-criteria, allowing an identification of seven more critical criteria. The main 

criterion to be observed in the logistic operators’ evaluation is the transport 

responsiveness. However, to make the responsiveness capacity better to the market, it 

was required criteria of infrastructure (physical resources) to improve the storage 

capacity, that was missing physical space in the appropriate floor to allocate 134 tons 

a day – 4 freezing tunnels that allocate 26 docks and infrastructure criteria (physical 

resources) to improve the transport capacity – strategic localization near the beltway 

to deliver the products quickly. 

This way, the main concern of the contractor was the complementation of 

storage and transport capacities, variables associated to the responsiveness and 

infrastructure criteria. It is important to note that the contractor was not only worried 

about analyzing the physical resources to store and transport, as well,  but the 

managing capacity of the logistic operator within these activities, by considering the 

efficiency indicators implantation required integrated with fee applications in case of 

non-effectiveness.   

The results pointed that the qualitative analysis should precede the AHP 

application with the objective of knowing the demands of the contractor regarding the 

capacities. In most published works, decision makers applied the multicriteria 

analysis [3, 4, 5, 6, 8, 9, 10, 11, 12, 13, 21, and 32], neglecting the qualitative 

evaluation. Many authors pointed out the need of relational capacity without a deeper 

analysis of the other required capacities [14, 15, 17, and 28]. The relational capacity 

and the quality capacity can be considered generic, because this is a common 

necessity in any outsourcing process, being required a deeper analysis on the 

operational routine of the contractor to identify specific capacities, as shown in the 

results.  

Table 3 shows the consequence matrix with critic criteria obtained after the 

model application. The numbers were normalized to obtain the relative importance 

(pair-wise comparison). 
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Table 3. Consequence Matrix. 

Criteria 
Operation 

Infrastructure 

Operation 

Management 
Quality 

Tech- 

nology 

Human 

Resources 

Relia-

bility 

Respon-

siveness 

Operation 

Infrastructure 
1,000 1,000 0,111 0,111 0,111 0,111 0,111 

Operation 

Management 
1,000 1,000 0,111 0,111 0,111 0,111 0,111 

Quality 3,000 1,000 3,000 0,333 0,333 0,333 0,333 

Technology 3,000 1,000 0,600 0,333 0,333 0,333 0,333 

Human 

Resources 
3,000 1,000 0,600 0,333 0,333 0,333 0,333 

Reliability 3,000 1,000 0,600 0,333 0,333 0,333 0,333 

Responsiveness 9,000 1,000 1,800 1,000 1,000 1,000 1,000 

 Based on the seven critical criteria, the three logistic operators were 

analyzed. Table 4 presented the decision matrix and the results obtained for each 

alternative. 

Table 4. Decision Matrix 
Alter- 

native 

Operation 

Infrastructure 

Operation 

Management 
Quality 

Tech-

nology 

Human 

Resources 

Relia-

bility 

Respon-

siviness 

LO 1 0,195 0,210 0,397 0,162 0,302 0,250 0,203 

LO 2 0,520 0,519 0,503 0,543 0,397 0,491 0,593 

LO 3 0,284 0,271 0,101 0,295 0,302 0,259 0,203 

  Once obtained the decision matrix, it was possible to evaluate the score and 

classify the logistic operators, indicating which of them was considered more able to 

store and transport frozen products. 

The logistic operator 2 (score 0.41) was considered more able to improve the 

dispatch responsiveness of the contractor in the metropolitan region of São Paulo, 

because it is in a strategic localization near the beltway, allowing better product 

outflowing, among having better consolidated infrastructure concerning equipment, as 

for an example, term kings to control the temperature, and freezing tunnels in the 

warehouse.  

The second-best (score 0.23) was the logistic operator 1 that presented low 

capacity of infrastructure that could prejudice the dispatching responsiveness. 

Finally, the logistic operator 3 (score 0.21), that presented lack of control in 

the efficiency of the provided services, making it impossible to analyze the 

punctuality indicators of dispatch.  

Both logistic operators 1 and 3 were not localized near a beltway, which was 

considered, by the contractor, a crucial aspect. 

This results corroborate with the researches of [19, 20] related to the  

development of a ranking to avoid the opportunist behavior of logistic operator 

regarding the possibility of offering sets of generic services that do not meet the 

contractor demands and could lead  to the outsourcing failure.  

7 Conclusions 

In this work, the AHP technique was used in the selection of logistic 

operators to store and transport frozen products. The AHP is a structured technique 
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for organizing and analyzing complex decisions, and coub be useful, especially in 

complex decision processes, once it enables people to make decisions involving many 

kinds of concerns including planning, setting priorities, selecting the best among a 

number of alternatives, and allocating resources. Complex problems or issues 

involving value or subjective judgments are suitable applications of the AHP method.  

Its approach of division in hierarchical criteria and alternative correlation with 

criteria, allows an easy comprehension and better evaluation of the problem. Taking 

into account that many strategic decisions, such as logistic operator selection, are 

many times, made without any methodical support, the proposed model can be 

considered as a good alternative to the investigated problem, since it can support the 

decision process, which can contribute to increase efficiency of the supply chain of 

the organization.  
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