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ABSTRACT 

 
The IAEA technical cooperation (TC) programme is the main mechanism through which the IAEA delivers 
technical services to its Member States. Through the programme, the IAEA helps Member States to build, 

strengthen and maintain capacities in the safe, peaceful and secure use of nuclear technology in support of 

sustainable socioeconomic development. The Regional Cooperation Agreement for the Promotion of Nuclear 

Science and Technology in Latin America and the Caribbean (ARCAL) is a TC agreement between most IAEA 

member states in the Latin America and the Caribbean region for technical and economic cooperation to 

promote the use of nuclear techniques for peace and development. The present study aims to propose a 

combined approach to prioritize the needs and problems of ARCAL region. To do that, this paper considers the 

concept of Grey Relational Analysis and Analytic Hierarchy Process for data treatment, standardization and 

ranking of those needs and problems. In other words, the proposition intend to reduce the biases that may be 

introduced along the stage of the needs and problems assessment in the regional strategic profile formulation.  
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1. INTRODUCTION 

 

The technical cooperation program (TC) of the International Atomic Energy Agency - IAEA 

is the main mechanism through which the IAEA provides technical services to its member 

states. With the program, the IAEA helps Member States to build, strengthen and maintain 

their capacities in the safe and secure use of nuclear technology in support of sustainable 

socio-economic development [18; 17; 16]. 

 

The technical cooperation program promoted by the IAEA allows the most advanced 

countries in the nuclear field to make important contributions in technology transfer to least 

developed countries in the same field [17; 16]. 

 

TC projects provide expertise in fields where nuclear techniques offer advantages over other 

approaches, or where nuclear techniques can supplement conventional means. All member 

states are eligible for support, though in practice the technical cooperation activities tend to 

focus on the needs and problems priorities of the least developed and emerging countries 

[15]. 

 

To identify which needs and problems shall be addressed, a regional strategic planning 

process is conducted, developed and the results are consolidated in a document called 

Regional Strategic Profile (RSP), which is the main tool for the development of the regional 

portfolio for IAEA projects. These projects will be carried out under the Cooperation 

Agreement for the Promotion of Science and Nuclear Technology in Latin America and the 

Caribbean (ARCAL). The actual RSP included the needs cycle of 2007-2013. However, it 

was extended with minor updates to the years 2014-2015. 

 

The RSP-2007-2013 was developed considering the priorities and needs of Latin America 

and the Caribbean, including the study of trends and scenarios in five different sectors where 

nuclear technologies can be applied. Each sector was analyzed by a working group of experts 

who had methodological support of another group responsible for the overall coordination of 

the whole process RSP [2]. 

 

According to ARCAL [2; 3; 4; 5; 6; 7] some of the tasks that the working groups held during 

the formulation of the strategy of each sector was scoring every need or problem according to 

their degree of Severity, Time, Extension, Relevance and Difficulty in order to establish a 

prioritization within each sector. This score was performed so that the experts of a given 

group (sector) did not influence the decisions of another group (sector). 

 

The attempt to obtain a general ranking in order to improve the selection of projects, using 

the data obtained by different groups and with very low influence between each other can 

distort the overall standings due the effects of the biases inherent to the groups. Also, there is 

an uncertainty caused by characteristics of each group. For example, one group may have a 

less rigorous and accurate view than some others groups and it can difficult the comparison 

between the needs of all groups (sectors) when compared together. 

 

This study aims to propose an approach for prioritizing the set of needs and problems among 

different groups. Therefore, the combined concept of the Grey Relational Analysis (GRA) 

associated with the Analytic Hierarchy Process (AHP) is used for treatment, standardization 

and ranking of these needs and problems. 
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Considering the above description, this paper is arranged as follow: (i) section one, this 

contextualization introduction, (ii) section two, presenting the theoretical framework, (iii) 

section three, presenting the combined use of the presented tools in the ARCAL case, (iv) 

section four, presenting the concluding remarks, limitations and recommendations for future 

works. 

 

 

2. THEORETICAL FRAMEWORK FOR DATA PROCESSING AND RANKING 

 

2.1. Relational Grey Analysis 

 

Grey systems theory was proposed in 1982 by Deng Julong in order to avoid the problems 

inherent statistical methods and that requires a limited amount of data to estimate the 

behavior of an uncertain system [26]. 

 

The Grey System considers that part of the information is known and the other part of the 

information is unknown. According Ziliang and Sifeng [27] and Lin, Lu and Lewis [19], until 

now the Grey System has enabled the development of a set of theories and techniques 

including mathematics grey, grey relational analysis, grey modeling, grey clustering, grey 

forecasting, grey decision making, grey programming and grey control programming that 

have been applied successfully in many engineering and managerial fields such as industry, 

ecology, meteorology, geography, earthquake, hydrology, medicine and military. 

 

Dos Prazeres et al. [13] also highlight the coverage of the grey theory applications, which 

according to them, has been applied in various research fields, such as production, social 

systems, ecology, economics, geography, traffic, management, education, etc. It focus in 

situations where there is uncertainty range of the input data, discrete data and insufficient 

information for decision-making. 

 

Dos Prazeres et al. [13] also report that the gey theory assumes that there is information about 

a system that is "clear" and can be measured and found easily and there are others 

information that are grey or are not well defined and are incomplete. 

According to Deng [12] and Liu and Lin [20], the grey relational analysis (GRA) is a method 

used to determine the degree of relationship between a referential observation against 

collected observations establishing a degree of proximity to the goal state, or it is the desired 

result. 

 

The grey relational analysis is a method to analyze the degree of relationship to discrete 

sequences. It uses the grey system information to dynamically compare each factor 

quantitatively, based on the level of similarity and variability among all factors to establish 

their relationship [10]. 

 

According Deng [12], the grey relational analysis method is used as a comparative 

measurement and it is a technique adopted to establish a degree of relationship between 

reference observations and comparative observations through the grey relational coefficients 

(Grey Relational Coefficients - GRC) which are obtained for each attribute to be considered. 
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According to Deng [12], the relational coefficients are obtained by comparing the factors of 

comparative series Xi with the standard series X0. From the GRC, it is possible to calculate 

the degree of grey relationship Γi (Grey Relational Grade - GRG) establishing a degree 

concerning the relationship between the comparative series with the standard series. 

 

There are three [21] major steps in GRA. The first step is pre-processing of data that is 

typically required when the drive range or the data sequence is different from others, and the 

dispersion range is a very long sequence. Therefore, data must be normalized, scaled and 

polarized first into a comparable sequence before proceed to other steps. The processing is 

called generation of grey relation or standard processing. The normalization criteria are given 

as equation (1) or (2). 

 

If the expectancy is the higher-the-better, then it can be expressed by: 
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If the expectancy is the lower-the-better, then it can be expressed by: 
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Where: i is the comparative serie, j is one of the serie criteria, Xij is the value to be 

normalized, (Xij)max is the higher value of the criteria values j, (Xij)min is the lower value of the 

criteria values j. 

 

In this paper (1) and (2) are used due the fact that the variables in this study have the 

characteristics of both "higher-the-better" and "lower-the-better". 

The second step is to locate the grey relational coefficient by using equation 3 (Tosun, 2006): 
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Where   [0,1] usually takes 0.5. The value change of ζ will only change the magnitude of 

the relational coefficient but it won’t change the rank of the grey relational grade [11; 12; 28]. 

According to Lin et al. [19], =0,5 is used because its offers moderate distinguishing effect 

and stability. 

 

The third step is to obtain the grey relational grade (GRG) which is set to a numerical 

measure of the relevancy between two systems or two sequences such as the reference 

sequence and the comparability sequence. The existing GRG between two series is always 

distributed between 0 and 1 which can be calculated using equation 4 [12]: 
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Garcia et al. [14] highlight the fact that γ assumes values between 0 and 1, when γ is closer to 

1 the higher is the relationship between attributes under consideration and the similarity 

between the attribute of comparative series with the standard series.  

 

After the establishment of grey relational coefficients for each attribute of the series, it is 

possible to obtain the degree of relationship of the comparative series with the standard 

series. This relationship degree is given by equation 5 and 6: 

 

Where βi is the weight of the attribute i of the comparative series and the sum of β i = 1 

(equation 6). 

 

According to Garcia et al. [14], generally, the values of weights are difficult to determine by 

making the degree of relationship to be established from an arithmetical mean of relational 

coefficients from each attribute of the series. Note that, of course, the degree of grey 

relationship also assumes values between 0 and 1 so that: the higher is the GRG the nearest is 

the comparative series from the standard series. 

 

Thus, the series that has the higher GRG is prioritized over others. Based on this concept, the 

method intends to establish a ranking between the various needs and problems appointed in 

the Regional Strategic Profile (RSP) in Latin America and the Caribbean from 2007 to 2013 

extended the cycle 2014-2015. 

 

2.2. Analytic Hierarchy Process 

 
Created by Saaty [24] in the late 70s, the AHP is a methodology of Multiple Criteria Decision 

Aid. Your goal is to treat complex problems of choice in a simple way, facilitating the 

decision-making process. However, some authors as Babic [9] and Oliveira et al. [22] have 

used the methodology to aid in the distribution of weights in the dealings of a problem. 

 

The three principles of analytical thinking in which the method is based are: 

 

 Construction of hierarchies: In AHP the problem is decomposed into 

hierarchical levels. 

 Setting priorities: The settings of the priorities in AHP are based on the ability 

of human beings to perceive the relationship between observed objects and 

situations, comparing pairs in the light of a certain focus or criteria (parity 

judgments). 

 Consistency logic: In AHP, it is possible to evaluate the prioritization model 

built as its consistency. 
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To run the AHP, Saaty [24] proposes the following steps: 

 

i. Definition of the alternatives; 

ii. Definition of the relevant criteria for the decision problem; 

iii. Assessment of alternatives in relation to the criteria; 

iv. Evaluation of the relative importance of each criterion; 

v. Global analysis of each alternative. 

 

Ribeiro and Costa [23] detailed a few more steps to facilitate the process of construction of 

AHP: 1 - Specifying the main focus or overall goal we hope to achieve with the 

classification; 2 - Definition of the alternatives for prioritization; 3 - Definition of the set of 

relevant criteria and construction of the hierarchy; 4 - Selection of experts to parity judgments 

(importance of each criterion and the performance of each alternative in light of the criteria); 

5- Synthesis of data obtained from the judgments, calculating the priority of each alternative 

in relation to primary focus; 6 - Analysis of the consistency of judgment. The maximum 

amount allowed at the rate of consistency (RC) is 10%. 

 

 

3. GEY-AHP APPROACH  

 

 

In this section, one presents the combined use of GRA and AHP to the presented problem. 

 

 

3.1. Technical Cooperation Program of IAEA and ARCAL 

 

 

The TC program operates in five geographic regions: Africa, Asia and the Pacific, Europe, 

Middle East and Latin America. Within each region, it helps member States to address their 

specific needs, considering existing capacities and different operational conditions. The 

program aims to leverage the differences among Member States in the same region by 

facilitating cooperation between them. For example, the capacities of technically advanced 

countries can be used to address the needs of less advanced countries [15]. 

 

The Regional Cooperation Agreement for the Promotion of Science and Nuclear Technology 

in Latin America and the Caribbean (ARCAL) is an agreement among most IAEA members 

in Latin America and the Caribbean for technical and economic cooperation to promote the 

use of nuclear techniques for peace and development. The ARCAL Agreement provides a 

regional cooperation framework, with the support of the IAEA and other international 

sources of cooperation. ARCAL was created in 1984, with the formal intergovernmental 

agreement signed in 1998 [1]. 

 

The fundamental mission of ARCAL is to provide an adequate mechanism for meeting and 

discussion, including those working in the nuclear area on the achievements produced in the 

region. ARCAL is an effective tool for the establishment and development of technical 

cooperation in different areas of knowledge and contribute to economic and social 

development in the developing countries of Latin America and the Caribbean [8]. 
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The ARCAL performs its actions through the Regional Strategic Profile (RSP) guidelines. 

The RSP-2007-2013 [2] was divided, taking into account the priorities and needs of Latin 

America and the Caribbean, including the study of trends and scenarios in the following 

sectors: (i) Food Security; (ii) Human Health; (iii) Environment; (iv) Energy and Industry; (v) 

Radiation Safety. 

 

Table 01 presents the total amount of needs and problems that made up the final document of 

RSP. Each sector has a implementation guide of the strategy, where all stages of the 

respective sectorial planning is detailed. The guide contains all the information on the 

description of the needs and problems, as well as the score for the attributes of Severity, 

Time, Extend, Relevance and Difficulty of each need/problem. 

 
TABLE 01: DATA FOR ALL RSP SECTORS 

 

Sector ID 
Needs / 

Problems 

Data 

Reference 

Food Security A 12 [3] 

Human Health S 10 [4] 

Environment M 16 [5] 

Energy and Industry E 08 [6] 

Radiation Safety R 06 [7] 

 

The milestones related with the elaboration of the RSP 2007-2013 final document as 

understanding from the RSP formulation methodology 2007-2013 [2] are: 

 
vi. Determination of the guidelines to be specified in the Terms of Reference for the 

preparation of the RSP’s final document; 

vii. The formulation of the questionnaire to be applied to participating countries; 

viii. Identification of regional needs and problems of each sector; 

ix. 84 answers related to the five sectors under observation; 

x. SWOT analysis by experts and national coordinators; 

xi. Final identification of the needs and problems for the region by experts; 

xii. Score of every need and problem (Seriousness, Time, Extend, Relevance and 

Difficulty); 

xiii. Score the total set of needs and problems through  the comparison between them. 

 

In ARCAL [2] it was held an exercise for prioritizing the needs and problems mixing the 5 

sectors. However, there are not any evaluations and conclusions related to this overall result. 

 

It is important to say that the overall result, with the five sectors together, may incurs in 

judgment errors, since the score performed for Seriousness, Time, Extend, Relevance and 

Difficulty were carried out by different groups of each sector (Food Security, Human Health, 

Environment, Energy and Industry; Radiation Safety). The scoring criteria depend on several 

factors such as experience and knowledge of each group plus individual subjectivity of each 

expert. This fact complicates the equation and uniformity of the needs score by the way the 

prioritization exercise was made in the RSP 2007-2013. 
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3.2. Normalization and Ranking of the Needs and Problems of RSP 

 

 

This paper aims to discuss the use of  Analytic Hierarchy Process (AHP) combined with Grey 

Relational Analysis (GRA) as an approach for classifying the needs and problems that were 

presented in RSP 2007-2013 (ARCAL, 2008a). First, the study aims to establish the 

standardization of data and in a second stage to establish the prioritization based on the 

criteria punctuated by experts of the five ARCAL sectors whose data are in the 

implementation guides [3; 4; 5; 6; 7].  

 

Thus, through the light of the theory and also taking into accounting what was presented in 

Chapter 2, for the analysis of needs and problems this study considers the following 

assumptions: 

 

i. Each sector was considered a series; 

ii. The attributes were divided into five single groups; 

iii. Normalization was done in two steps, by sector and for the entire sample; 

iv. The grey relational coefficients (GRC), obtained from the first normalization 

(done by sectors), are the input data for the second normalization step. 

v. The CRG obtained by the first normalization were submitted to a second 

normalization step that should consider the entire sample. 

vi. The standard series was based on the best attributes of each sector and in the 

second normalization step the best attributes were established (indicators) of the 

entire sample; 

vii. After normalization step, ß weights was obtained from AHP and the Grey 

Relational Grade was calculated; 

viii. The attributes considered are the same as described in RSP 2007-2013 [2]. 
 

TABLE 02: ATTRIBUTES 

 

Attribute Attribute Understanding Equation 

Severity Better when is higher (1) 

Time Better when is higher (1) 

Extend Better when is higher (1) 

Relevance Better when is higher (1) 

Difficulty Better when is lower (2) 

 

 

The original data for Energy sector [6] is presented in table 03. The complete data and 

information for all of the RSP 2007-2013 needs, used in this study, can be obtained in the 

references presented in table 01 as already shown in section 3.1. 
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TABLE 03:  RSP Data for Energy Sector 

 

  
Source: [6] 

 

Based on [3; 4; 5; 6; 7], operations were applied according to section 2 to normalize the 

original data and establish an order of priority between the needs of each sector. 

 

The data normalization was performed according to equation (1), except for the attribute 

difficulty as already explained in Table 01. For this last one, the normalizations was 

performed according to equation (2). From the normalized data, we calculated grey relational 

coefficients according to equation (3), for each of the needs or problems of each sector 

(series). 

 

Using the Saaty scale [24], the attributes severity, time, extend, relevance and difficulty were 

evaluated (peer review) by its degree of preference. The results of the evaluation are 

presented in table 04 and it is the input data to run AHP. 

 
TABLE 04:  Attributes Evaluation  

 

Severity Time Extend Relevance Difficulty  

Severity 1     2     2     1     1     

Time  1/2 1     1      1/3  1/3 

Extend  1/2 1     1     1      1/2 

Relevance 1     3     1     1     1     

Difficulty  1     3     2     1     1     

Source: Authors 

 

The AHP weights obtained are the ß weights, given by equation 5 and 6 in section 2, those 

are necessary to calculate the Grey Relational Grade.  

 

Need /

Problem Severity Time Extend Relevance Dificulty

E01 5,00 4,14 4,43 4,14 2,57

E02 4,43 4,43 4,00 4,14 1,71

E03 4,57 4,29 4,14 3,71 1,71

E04 4,29 4,14 3,71 4,43 3,57

E05 3,87 4,00 3,71 4,71 2,29

E06 4,29 4,00 3,71 4,29 2,43

E07 4,86 3,43 3,57 4,29 2,71

E08 4,00 4,00 3,57 4,43 3,14

E09 4,14 3,86 3,57 4,14 3,14

E10 4,29 4,43 3,57 3,29 2,57

E11 3,86 3,86 4,14 3,71 4,57

E12 3,57 3,43 3,71 4,71 4,29

E13 4,14 3,86 4,00 3,14 2,71

E14 4,14 3,27 3,57 4,14 2,71

E15 3,57 3,14 3,43 4,29 4,29

E16 3,71 3,00 4,14 3,43 4,43

Attributes
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TABLE 05: AHP Weights Distribution 

Severity 0,2455 

Time 0,1064 

Extend 0,1458 

Relevance 0,2369 

Difficulty 0,2655 

Source: Authors 

 

The relationship between the grey levels of Energy sector needs and problems are presented 

in Table 06: 

 
TABLE 06: Grey Relational Grade for Energy Sector 

 
2

nd
  Normalization Step Results - Grey Coefficients 

 
GRG - AHP 

Need or Problem Severity Time Extend Relevance Difficulty 
 

G.STERD 

E01 1,0000 0,5360 1,0000 0,4421 0,4702 
 

0,6778 

E02 0,4290 1,0000 0,4189 0,4421 1,0000 
 

0,6430 

E03 0,4702 0,6706 0,4759 0,3730 1,0000 
 

0,6100 

E04 0,4008 0,5360 0,3609 0,5591 0,3709 
 

0,4389 

E05 0,3524 0,4702 0,3609 1,0000 0,5360 
 

0,5683 

E06 0,4008 0,4702 0,3609 0,4888 0,4988 
 

0,4493 

E07 0,6706 0,3637 0,3452 0,4888 0,4475 
 

0,4882 

E08 0,3637 0,4702 0,3452 0,5591 0,4000 
 

0,4283 

E09 0,3791 0,4290 0,3452 0,4421 0,4000 
 

0,3999 

E10 0,4008 1,0000 0,3452 0,3411 0,4702 
 

0,4607 

E11 0,3517 0,4290 0,4759 0,3730 0,3333 
 

0,3782 

E12 0,3333 0,3637 0,3609 1,0000 0,3413 
 

0,5006 

E13 0,3791 0,4290 0,4189 0,3333 0,4475 
 

0,3975 

E14 0,3791 0,3501 0,3452 0,4421 0,4475 
 

0,4041 

E15 0,3333 0,3413 0,3333 0,4888 0,3413 
 

0,3731 

E16 0,3413 0,3333 0,4759 0,3497 0,3371 
 

0,3610 

Source: Authors 

 

The general ranking of all 52 RSP needs and problems are presented in table 07. The process 

of normalization and ranking of data made possible an objective comparison and biases 

reducing from different experts involved. It is important to note that the twelve needs and 

problems best ranked that should be prioritized by the proposed method is S01, M01, R01, 

E01, S02, R02, E02, A03, M02, E03, A04 and A01. 
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TABLE 07: General Ranking 

 
 

In the other hand, it is relevant to note that the needs and problems that are in the ten last 

position ranked by the proposed method is A11, S06, R08, E11, R06, E15, S09, S07, E16 and 

R07. 

 

 

4. CONCLUSIONS  

 

In this paper was proposed a method to prioritize the needs and problems set by different 

sectors of RSP 2007-2013. We show that it is possible to establish an overall ranking between 

sectors, as shown in table 07, reducing the effect of bias from group to group. 

 

Analyzing the results, the needs S01, M01, R01, E01, S02, R02, E02, A03, M02, E03, A04 

and A01 were the best rated. It is important to note that all sectors have at least two needs on 

this list of twelve. The need R07 from Radiation Security, E16 from Energy and Industry, S07 

and S09 from Human Health were the worst ranked, getting in the latest positions. 

 

The method allowed the processing and data normalization, enabling information to become 

comparable. It reduced the bias that might distort the overall result of prioritizing RST needs 

and problems. In addition, the method helps to support decision making by the IAEA and 

ARCAL Management team regarding the projects selection for the solution to the RSP's 

needs and problems. It is important to expose that the budget for this purpose is limited and 

not all proposed projects may receive the financial support of the IAEA and ARCAL. 

  

Need / Grey-AHP Need / Grey-AHP

Problem GRG Sector General Problem GRG Sector General

S01 0,910 1 1 M03 0,443 4 27

M01 0,748 1 2 E04 0,439 9 28

R01 0,701 1 3 S08 0,437 4 29

E01 0,678 1 4 A09 0,435 9 30

S02 0,664 2 5 A08 0,430 10 31

R02 0,657 2 6 E08 0,428 10 32

E02 0,643 2 7 S05 0,422 5 33

A03 0,643 1 8 S03 0,416 6 34

M02 0,628 2 9 M04 0,415 5 35

E03 0,610 3 10 M05 0,406 6 36

A04 0,586 2 11 E14 0,404 11 37

A01 0,584 3 12 E09 0,400 12 38

E05 0,568 4 13 R05 0,399 5 39

A07 0,562 4 14 E13 0,398 13 40

A05 0,556 5 15 A10 0,395 11 41

S04 0,534 3 16 S10 0,391 7 42

A02 0,519 6 17 A11 0,387 12 43

M06 0,510 3 18 S06 0,386 8 44

E12 0,501 5 19 R08 0,384 6 45

E07 0,488 6 20 E11 0,378 14 46

R04 0,468 3 21 R06 0,374 7 47

A06 0,464 7 22 E15 0,373 15 48

E10 0,461 7 23 S09 0,371 9 49

E06 0,449 8 24 S07 0,370 10 50

R03 0,445 4 25 E16 0,361 16 51

A12 0,444 8 26 R07 0,348 8 52

Ranking Ranking
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To solve this case, the main advantage of using the GRA-AHP is that the method is based on 

processing and data normalization procedures. It is noteworthy that the attributes were 

weighted by a rational tool. 
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