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Abstract 
The application of Multi-Criteria Decision Making (MCDM) methods in selecting the best locations for siting 

mines is appropriate and necessary given the many diverse and conflicting criteria that may have to be considered 

if the mining is done responsibly and equitably. In Ghana, where gold mining has assumed alarming scales, the 

need to balance social, economic, and environmental factors has become ever more crucial. A comparative 

assessment of three MCDM techniques to gold mining site selection in Ghana is presented in this article to 

evaluate how they perform in choosing the best location. Specifically, the Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS), the Multi-Objective Optimization based on Ratio Analysis 

(MULTIMOORA), and the Weighted Sum Model (WSM) which are commonly utilized MCDM methodologies are 

used in the research. They are used to analyze actual data from potential gold mining locations in the Ashanti 

Region of Ghana, taking into account the mineral quality, social ramifications, economic viability, and 

environmental impact. The findings provide insights into the practical benefits of each of the techniques in 

selecting the best and worst mining sites, highlighting the advantages and disadvantages of each method in 

tackling the intricate, multi-dimensional decision problem. From the results of this research, it is clear that the 

mining industry in Ghana can benefit tremendously in terms of equitably meeting the expectations of stakeholders 

based on more informed, responsible, and sustainable decisions in selecting mining sites. 
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I. Introduction 
Selecting the optimal mining locations is a critical decision for the mining sector, given its potential to 

significantly impact the economy, environment, and society. This decision-making process is inherently complex 

due to the necessity of considering a wide range of factors, including social impact, economic viability, 

environmental sustainability, and geological potential [18]. The multidimensional nature of this challenge often 

leads to suboptimal outcomes when traditional decision-making techniques are employed. In this context, Multi-

Criteria Decision Making (MCDM) techniques have emerged as powerful tools, offering a systematic approach 

to evaluating and ranking multiple competing criteria [12]. These methods provide a structured framework for 

assessing various aspects of site selection, enabling decision-makers to make well-informed choices that balance 

economic benefits with social and environmental responsibilities [9]. Among the various MCDM approaches, are 

models such as the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), the Weighted Sum 

Model (WSM), and the Multi-Objective Optimization based on Ratio Analysis (MULTIMOORA), which have 

gained prominence due to their successful application in resource management and site selection challenges. 

However, despite their widespread use, there has been limited comparative analysis of their effectiveness in 

mining site selection. This research aims to address this gap by conducting a comparative analysis of stated 

MCDM methods to determine their relative strengths, weaknesses, and suitability for mining sites selection in 

Ghana. Given that different methods may yield varying outcomes depending on the criteria considered and the 

specific context of the decision problem, this study will apply a consistent set of criteria across the different 

MCDM approaches to evaluate their performance. The insights gained from the comparative analysis are expected 

to guide the mining sector towards more informed and sustainable decision-making. By identifying the most 

appropriate MCDM techniques for handling the complex challenges associated with mining site selection, this 

research seeks to contribute to better-informed, environmentally sustainable practices in the industry. 
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II. The Models 
The TOPSIS Model 

Based on the premise that every criteria consistently affects utility in a positive or negative way, Hwang 

and Yoon (1981) developed the widely used MCDM technique known as the Technique for Order of Preference 

by Similarity to Ideal Solution (TOPSIS). Due to this, positive and negative ideal solutions may be precisely 

defined and used as standards for comparing different options [11]. TOPSIS measures each alternative's proximity 

to these ideal solutions using the Euclidean distance technique [7]. TOPSIS guarantees that options with various 

sizes and units may be compared objectively by normalizing criteria into non-dimensional representations. The 

approach places the options in order of decreasing distance from the negative ideal solution (NIS) and increasing 

closeness to the positive ideal solution (PIS), with the optimum choice being the one that is furthest from the NIS 

and closest to the PIS [14]. TOPSIS has several limitations despite its simplicity and efficacy. Its emphasis on 

Euclidean distance may cause it to ignore the links between criteria, making it more difficult to consistently assign 

weights and evaluate alternatives. 

 

Mathematical Concept of the TOPSIS Model 

TOPSIS is an essential tool that helps decision-makers identify the optimal choice from a range of 

options [1]. TOPSIS examines and ranks choices according to how close they are to ideal solutions, a systematic 

approach that is intended to manage complicated problems containing several criteria [15]. Its methodical 

approach guarantees a thorough and objective evaluation, assisting decision-makers in selecting the best option 

from a range of options. To obtain precise and dependable results while applying TOPSIS, a set of clearly defined 

stages must usually be followed. 

 

Step 1: Creating a decision matrix (A) is the first stage in putting the TOPSIS process into practice [21]. Using a 

clear, organized depiction of each alternative's performance across several criteria, this matrix arranges the 

alternatives in rows and the criteria in columns. 

A =  ( ija )                                                 (1) 

Step 2: Using the vector normalization approach is an important stage in the process of normalizing the decision 

matrix (A) [5]. This method guarantees that the criterion's initial orientation won't change throughout the 

normalization procedure. The following steps are taken to normalize the decision matrix: 

ijN  = 

2

1

ij

m

ij
i

a

a
=


 (i, j, m = 1, 2, . . ., n).                                       (2) 

Step 3: A weighted normalized decision matrix is calculated. Here, the DM assigns specific weights to each 

criterion based on their relative importance. The weighted normalized matrix, denoted as V, is then derived by 

multiplying the normalized decision matrix by these assigned weights. This step ensures that the decision-making 

process emphasizes the most critical criteria [16], leading to a more accurate and comprehensive evaluation of 

the alternatives. 

ijV  = ijN  × ijW                                                                (3) 

Step 4:  The positive ideal solution (PIS) is determined by choosing the highest value for beneficial criteria and 

the smallest value for non-beneficial criteria [4], while the negative ideal solution (NIS) is determined by choosing 

the smallest value for beneficial criteria and the largest value for non-beneficial criteria. 

PIS values:                  A +
= {best ijv }, 

A +
= { 1v

+
, 2v+ , . . ., nv+ }.                                     (4)(a) 

NIS values:                                                  A
−

 = {worst ijv }, 

A
−

 =  { 1v
−

, 2v− ,  .  . ., nv− }.                                  (4)(b) 

Step 5:  At this point in the procedure, the computation of the separation measure is the main focus, and 

it can be described concisely in terms of the Euclidean distance for each option. One measure used to quantify 

the distance of a specific option i from the PIS is the Euclidean distance, which is a metric for evaluating element 

dissimilarity [8]. The following is a detailed calculation for this distance: 

Distance from PIS:                           iS
+

 =
2

1

( )
n

ij j
j

V V
+

=

− .                                                 (5)(a) 
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Distance from NIS:  iS
−

 =
2

1

( )
n

ij j
j

V V −

=

− .                                                 (5)(b) 

Step 6:  Determine the relative proximity to the optimal solution that is positive. This entails determining how 

near an alternative is to the specified PIS [27]. The relative proximity to the ideal Solution ( iC ) can be calculated 

as follows: 

iC  = i

i i

S

S S

−

− +
+

 (0  ≤  iC  ≤  1).                                          (6) 

Step 7:  Rank the preference order 

It is now possible to rank a group of options in preference based on the value of iC  in decreasing order. 

Identify the option that is closest to one (1). 

 

The WSM 

A simple approach to decision-making is the Weighted Sum Model (WSM), in which weights are 

allocated to criteria and alternatives are assessed on the bases of the weights. It is simple to use and to comprehend 

[23]. WSM works especially well in situations where there is broad consensus over the criteria and their 

significance, such as in location selection. Decision-makers give each criterion a numerical weight that represents 

its relative importance during the decision-making process [17]. Subsequently, the alternatives are graded by 

multiplying each result by the appropriate weight and adding up the products of their performance ratings for all 

criteria. This technique offers decision-makers a useful and effective tool to help them make well-informed 

decisions [25] based on weighted criteria in less complicated decision contexts where criterion relevance is clearly 

stated. 

 

Mathematical Concept of the WSM 

By multiplying the score of each criterion by its weight and adding together these weighted values, the 

WSM essentially integrates the different criteria. By changing the weights given to each criterion, this method 

enables DMs to take their priorities and preferences into consideration [20]. According to [13], the option with 

the highest weighted total is frequently regarded as the best option. It is a simple yet effective technique that is 

frequently applied in decision analysis, project appraisal, and other situations where several factors affect the 

choice that is made. The following steps are typically used when applying the WSM: 

 

Step 1. Construction of a Decision Matrix 

Before applying it, a decision/evaluation matrix must be created. 

X = ⟦𝑥𝑖𝑗⟧
𝑚 × 𝑛

,                                                                   (1) 

where   ijx  = performance of ith alternative for jth criterion;  m = number of alternatives; 

n = number of criteria. 

 

Step 2. Normalization of Decision Matrix 

Standardize the values found in each column of this matrix. Scaling each column's values to a 

conventional range, like between 0 and 1, is the usual process of normalization. 

𝑟𝑖𝑗  =  
𝑥𝑖𝑗

max 𝑥𝑖𝑗
    (for beneficial criteria),                                                     (2) 

𝑟𝑖𝑗   =  
min 𝑥𝑖𝑗

𝑥𝑖𝑗
   (for non-beneficial criteria)                                                (3) 

where 𝑟𝑖𝑗  is the normalized value of 𝑥𝑖𝑗 . 

 

Step 3. Calculation of Preference Score for each Alternative (𝑉𝑖) 

The performance ratings of the alternatives are then multiplied by the corresponding weights for each 

criterion [10], and the sum of these products is used to evaluate them. 

𝑉𝑖 = 
1

n

j ij
j

w r
=
 .                                                                     (4) 

where  𝑉𝑖  = preference score of alternative i, jw  = weight value of criterion j, 

ijr  = normalized value of alternative i for criterion j, n = number of criteria. 
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A higher  𝑉𝑖 value suggests that option  𝐴𝑖 is favoured. 

 

The MULTIMOORA Model 

When solving problems with numerous criteria, the MULTIMOORA method provides an organized 

approach to guarantee a consistent foundation for comparison, even when the criteria are expressed in various 

units or scales. It starts by normalizing the criteria. Each criterion's relative importance in the decision-making 

process is reflected by the weights assigned to it [22]. The incorporation of both additive and multiplicative forms 

during criteria aggregation is what sets MULTIMOORA apart and enables a more in-depth examination of the 

relationships and dependencies between criteria [6]. Decision-makers may now grasp the decision environment 

with greater nuance thanks to this dual-form examination. MULTIMOORA helps decision-makers identify the 

best choice that fits their goals and preferences by generating a ranked list of options after the aggregation process, 

based on the alternatives' overall performance across multiple parameters [26]. MULTIMOORA's ability to 

handle choice issues with competing objectives is one of its most significant strengths. The method is especially 

useful in circumstances where thorough analysis of trade-offs and opposing goals is required because it 

incorporates additive and multiplicative interactions, which provide a balanced and informed perspective. 

 

Mathematical Concept of the MULTIMOORA Model 

Using a variety of mathematical principles, the MULTIMOORA model methodically evaluates and 

ranks options in a situation involving decision-making [24]. An examination of the basic mathematical operations 

that are essential to the MULTIMOORA model is provided below: 

 

Step 1. Construction of a Decision Matrix 

Before applying it, a decision (evaluation) matrix must be created. 

X = ⟦𝑥𝑖𝑗⟧
𝑚 × 𝑛

.                                                            (1) 

where   ijx  = performance of ith alternative for jth criterion;  m = number of alternatives; 

n = number of criteria. 

 

Step 2. Normalization of Decision Matrix 

To put all of the criteria's values on the same scale, normalize them. This is an essential step when 

working with criteria that vary in scales or units. 

X* = 
2

ij

ij

x

x
,                                                  (2) 

where ijx  = performance of ith alternative for jth criterion. 

 

Step 3. Weight Assignment 

According to [2], weights are allocated to every criterion, taking into account their respective 

significance in the decision-making process. These weights provide an indication of the priorities or preferences 

of the decision maker’s criteria j given a weight that ensures 

1

n

j
j

w
=
 = 1.                                                        (3) 

 

Step 4. Determination of Weighted Normalized Decision Matrix 

The weighted normalized decision matrix, represented by Y, is obtained by multiplying the normalized 

matrix by the weight matrix allocated to every criterion. 

Y = xi  ×  w,                                                                     (4) 

where xi  = normalized matric value, w = criteria weight. 

 

Step 5. The variations between the highest and lowest values for every option are obtained by using 

iY  = 
*max ijx  – 

 *min ijx .                                   (5) 

 

Step 6. Determine substitute values by applying the equation. 
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iU  = 

 * 

 * 

max

min

ij

ij

X

X




.                                                      (6) 

 

Step 7. Ranking of Alternatives 

Sort the options according to the total points they have earned. According to [3], the option with the 

highest score is regarded as the most ideal. 

 

III. Application 
Ghana, a country in sub-Sahara Africa, is famous for its abundant mineral wealth, notably gold, which 

has played a crucial role in its economic development. The Ashanti Region of Ghana stands out for its vast gold 

reserves, drawing significant attention from mining firms. However, optimizing the right locations for gold 

extraction entails intricate decision-making due to factors like geology, environmental concerns, economic 

viability, and social impacts [19]. Table 1 shows the potential gold mining locations in the Ashanti Region of 

Ghana under six major criteria namely; Gold Grade and Ore Reserves, Operations Cost per ounce of Gold, 

Environmental Impact Assessment, Health and Safety Risks, Social Impact Assessment, and Legal and 

Regulatory Compliance. 

 

Table 1: Potential gold mining sites in the A shanti Region of Ghana under six major criteria 
 

Potential 

Mining 

Sites 
 

Gold Grade 
and Ore 

Reserves 

 

Operations cost 
per ounce of 

gold (US$) 

 

Environmental 
Impact 

 

Health and 
Safety Risks 

 

Social Impact 
 

Legal and 
Regulatory 

Compliance 

 

LTA (S1) High 2,324 Moderate Moderate Moderate High 

LTB (S2) High 3,393 Moderate Moderate Low High 

LTC (S3) High 2,155 Moderate Low Moderate High 

LTD (S4) High 2,770 Moderate Low Low Moderate 

LTE (S5) Very High 3,793 High High Low Moderate 

LTF (S6) Very High 4,855 High High Moderate High 

LTG (S7) High 2,619 Moderate High High Moderate 

LTH (S8) Very High 4,355 Low High High Moderate 

LTI  (S9) High 2,226 High Low Moderate High 

LTJ  (S10) Very High 3,930 High Low Low High 

 

A 50-point scale was used for the conversion of the linguistic variables for beneficial criteria and a 5-

point scale for the conversion of the linguistic variables for non-beneficial criteria resulting in Table 2 below. 

 

Table 2: Potential gold mining sites in the A shanti Region of Ghana under six major criteria 
 
 

Sites 

Gold Grade 
and Ore 

Reserves 

(GG) 

Operations cost 
per ounce of 

gold (US $) 

(OC) 

Environmental Impact 
(EI) 

Health and 
Safety Risks 

(HSR) 

Social Impact 
(SI) 

Legal and 
Regulatory 

Compliance 

(LRC) 

S1 35 2,324 3 3 3 4 

S2 35 3,393 3 3 2 4 

S3 35 2,155 3 2 3 4 

S4 35 2,770 3 2 2 3 

S5 45 3,793 4 4 2 3 

S6 45 4,855 4 4 3 4 

S7 35 2,619 3 4 4 3 

S8 45 4,355 2 4 4 3 

S9 35 2,226 4 2 3 4 

S10 45 3,930 4 2 2 4 

 

Mathematical analysis using TOPSIS model 

Step 1:   Formation of a decision matrix 

This leads to Table 3 

 

Table 3: Decision Matrix D = ⟦𝑥𝑖𝑗⟧
𝑚 × 𝑛

 

 

 

Sites 

Gold Grade 

and Ore 

Reserves 
(GG) 

Operations cost 

per ounce of 

gold (US $) 
(OC) 

Environmental Impact 

(EI) 

Health and 

Safety Risks 

(HSR) 

Social Impact 

(SI) 

Legal and 

Regulatory 

Compliance 
(LRC) 

S1 35 2,324 3 3 3 4 
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S2 35 3,393 3 3 2 4 

S3 35 2,155 3 2 3 4 

S4 35 2,770 3 2 2 3 

S5 45 3,793 4 4 2 3 

S6 45 4,855 4 4 3 4 

S7 35 2,619 3 4 4 3 

S8 45 4,355 2 4 4 3 

S9 35 2,226 4 2 3 4 

S10 45 3,930 4 2 2 4 

1

2
n

j

ijx
=

              15450          113413386                    113                         98                     84                      132 

1

2
n

j

ijx
=

        124.30          10649.57                    10.63                       9.90                   9.17                   11.49 

 

Step 2: Construction of Normalized Decision Matrix 

To normalize the decision matrix, divide each entry of each column by 

1

2
n

j

ijx
=

 . This leads to Table 4. 

 

Table 4:  Normalized Decision Matrix (NDM) R = ( ijr ) 

 
 

Sites 

Gold Grade 
and Ore 

Reserves 

 

Operations cost 
per ounce of 

gold (US $) 

 

Environmental Impact 
 

Health and 
Safety Risks 

 

Social Impact 
 

Legal and 
Regulatory 

Compliance 

 

S1 0.28158 0.21822 0.28222 0.30303 0.32715 0.34813 

S2 0.28158 0.31860 0.28222 0.30303 0.21810 0.34813 

S3 0.28158 0.20236 0.28222 0.20202 0.32715 0.34813 

S4 0.28158 0.26010 0.28222 0.20202 0.21810 0.26109 

S5 0.36203 0.35616 0.37629 0.40404 0.21810 0.26109 

S6 0.36203 0.45589 0.37629 0.40404 0.32715 0.34813 

S7 0.28158 0.24593 0.28222 0.40404 0.43621 0.26109 

S8 0.36203 0.40894 0.18815 0.40404 0.43621 0.26109 

S9 0.28158 0.20902 0.37629 0.20202 0.32715 0.34813 

S10 0.36203 0.36903 0.37629 0.20202 0.21810 0.34813 

 

Step 3: Computation of the weight matrix 

The weights ( jw ) which represents the relative importance of criteria are calculated such that 
1

n

j
j

w
=
 = 1. 

 

Step 4: Computation of Weighted Normalized Decision Matrix (WNDM) 

To get WNDM, multiply each column of NDM by the weights jw , of the weight vector computed in step 

3 and results in Table 5. 

 

Table 5: Weighted Normalized Decision Matrix U( iju ) = ijr  jw  

 

 

Sites 

Gold Grade 

and Ore 

Reserves 
(0.37152) 

Operations cost 

per ounce of 

gold (US $) 
(0.24739) 

Environmental Impact 

(0.12934) 

Health and 

Safety Risks 

(0.12991) 

Social Impact 

(0.07458) 

Legal and 

Regulatory 

Compliance 
(0.04726) 

S1 0.10461 0.05399 0.03650 0.03937 0.02440 0.01645 

S2 0.10461 0.07882 0.03650 0.03937 0.01627 0.01645 

S3 0.10461 0.05006 0.03650 0.02624 0.02440 0.01645 

S4 0.10461 0.06435 0.03650 0.02624 0.01627 0.01234 

S5 0.13450 0.08811 0.04867 0.05249 0.01627 0.01234 

S6 0.13450 0.11278 0.04867 0.05249 0.02440 0.01645 

S7 0.10461 0.06084 0.03650 0.05249 0.03253 0.01234 

S8 0.13450 0.10117 0.02434 0.05249 0.03253 0.01234 

S9 0.10461 0.05171 0.04867 0.02624 0.02440 0.01645 

S10 0.13450 0.09129 0.04867 0.02624 0.01627 0.01645 
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Step 5: Calculation of Positive Ideal Solution (PIS) and Negative Ideal Solution (NIS) Values 

This is depicted in Table 6. 

 

Table 6: Calculation of PIS ( A +
) and NIS ( A

−
) Values 

 

 
Sites 

Gold Grade 

and Ore 
Reserves 

(0.37152) 

Operations cost 

per ounce of 
gold (US $) 

(0.24739) 

Environmental Impact 

(0.12934) 

Health and 

Safety Risks 
(0.12991) 

Social Impact 

(0.07458) 

Legal and 

Regulatory 
Compliance 

(0.04726) 

S1 0.10461 0.05399 0.03650 0.03937 0.02440 0.01645 

S2 0.10461 0.07882 0.03650 0.03937 0.01627 0.01645 

S3 0.10461 0.05006 0.03650 0.02624 0.02440 0.01645 

S4 0.10461 0.06435 0.03650 0.02624 0.01627 0.01234 

S5 0.13450 0.08811 0.04867 0.05249 0.01627 0.01234 

S6 0.13450 0.11278 0.04867 0.05249 0.02440 0.01645 

S7 0.10461 0.06084 0.03650 0.05249 0.03253 0.01234 

S8 0.13450 0.10117 0.02434 0.05249 0.03253 0.01234 

S9 0.10461 0.05171 0.04867 0.02624 0.02440 0.01645 

S10 0.13450 0.09129 0.04867 0.02624 0.01627 0.01645 

 

A +
          0.13450             0.05006                  0.02434                 0.02624            0.01627              0.01645 

A
−

           0.10461            0.11278                  0.04867                 0.05249            0.03253              0.01234 

 

Step 6: Determination of the separation measures for each alternative using weighted Euclidean distance metric. 

The results of this step are shown in Tables 7a and 7b. 

 

Table 7a: Calculating separation from PIS ( iS
+

); iS
+

= 
2

( )
1

n
u uij j

j

+
−

=
 

 
 

Table 7b: Calculating separation from NIS ( iS
−

); iS
−

= 
2

( )
1

n
u uij j

j

−
−

=
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Step 7: Calculation of the relative closeness to the ideal solution ( iC ); iC  =
i

i i

S

S S

−

+ −
+

. 

S1:  1C  = 
0.0621249

0.0359889 0.0621249+
 = 0.6331923;     S2: 2C  = 

0.0418903

0.0451752 0.0418903+
 = 0.4811355 

S3: 3C  = 
0.0696707

0.0332716 0.0696707+
 = 0.6767936;     S4:  4C  = 

0.0587120

0.0355303 0.0587120+
 = 0.6229898 

S5: 5C  = 
0.0420345

0.0524089 0.0420345+
 = 0.4450761;      S6: 6C  = 

0.0312474

0.0726767 0.0312474+
 = 0.3006752 

S7: 7C  = 
0.0533469

0.0461292 0.0533469+
 = 0.5362786;      S8: 8C  = 

0.0402505

0.0598548 0.0402505+
 = 0.4020816 

S9: 9C  = 
0.0670939

0.0394348 0.0670939+
 = 0.6298199;     S10: 10C  = 

0.0482245

0.0478832 0.0482245+
 = 0.5017756 

 

Step 8.  The set of alternatives can now be preference-ranked according to the descending order of the value iC . 

From Step 7, it is observed that site S3 is the best potential gold mining site since it has the highest iC value of 

0.6767936, while site S6 is the worst potential gold mining site since it has the lowest iC value of 0.3006752 

based on the evaluation criteria. Hence S3 ≻   S1  ≻  S9  ≻ S4 ≻ S7 ≻  S10  ≻  S2 ≻  S5 ≻  S8 ≻  S6. 

 

 

Mathematical analysis using WSM 

Step 1: Formation of a decision matrix 

The decision matrix is obtained as shown in Table 8. 

 

Table 8: Decision Matrix D = ⟦𝑥𝑖𝑗⟧
𝑚 × 𝑛

 

Potential 

Mining 

Sites 
 

Gold Grade 

and Ore 

Reserves 
(GG) 

Operations cost 

per ounce of 

gold (US $) 
(OC) 

Environmental Impact 

(EI) 

Health and 

Safety Risks 

(HSR) 

Social Impact 

(SI) 

Legal and 

Regulatory 

Compliance 
(LRC) 

S1 35 2,324 3 3 3 4 

S2 35 3,393 3 3 2 4 

S3 35 2,155 3 2 3 4 

S4 35 2,770 3 2 2 3 

S5 45 3,793 4 4 2 3 

S6 45 4,855 4 4 3 4 

S7 35 2,619 3 4 4 3 

S8 45 4,355 2 4 4 3 

S9 35 2,226 4 2 3 4 

S10 45 3,930 4 2 2 4 

 

Step 2: Normalization of the decision matrix 

Normalize the values in each column of the decision matrix by standardizing them. 

𝑟𝑖𝑗  =  
𝑥𝑖𝑗

max 𝑥𝑖𝑗
    for beneficial criteria, 

 

𝑟𝑖𝑗   =  
min 𝑥𝑖𝑗

𝑥𝑖𝑗
   for non-beneficial criteria, 

where 𝑟𝑖𝑗  is the normalized value of 𝑥𝑖𝑗 . The results are shown in Table 9. 

 

Table 9: Normalized Decision Matrix (NDM) 
Potential 

Mining 

Sites 
 

Gold Grade 

and Ore 

Reserves 
 

Operations cost 

per ounce of 

gold (US $) 
 

Environmental Impact 

 

Health and 

Safety Risks 

 

Social Impact 

 

Legal and 

Regulatory 

Compliance 
 

S1 0.77778 0.92728 0.66667 0.66667 0.66667 1.00000 

S2 0.77778 0.63513 0.66667 0.66667 1.00000 1.00000 
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S3 0.77778 1.00000 0.66667 1.00000 0.66667 1.00000 

S4 0.77778 0.77798 0.66667 1.00000 1.00000 0.75000 

S5 1.00000 0.56815 0.50000 0.50000 1.00000 0.75000 

S6 1.00000 0.44387 0.50000 0.50000 0.66667 1.00000 

S7 0.77778 0.82283 0.66667 0.50000 0.50000 0.75000 

S8 1.00000 0.49483 1.00000 0.50000 0.50000 0.75000 

S9 0.77778 0.96810 0.50000 1.00000 0.66667 1.00000 

S10 1.00000 0.54835 0.50000 1.00000 1.00000 1.00000 

 

Step 3: Computation of Weighted Normalized Decision Matrix (WNDM) 

This is obtained as in Table 10. 

 

Table 10: Weighted Normalized Decision Matrix U( iju ) = ijr  jw  

 Gold Grade 

and Ore 
Reserves 

(0.37152) 

Operations cost 

per ounce of 
gold (US $) 

(0.24739) 

Environmental Impact 

(0.12934) 

Health and 

Safety Risks 
(0.12991) 

Social Impact 

(0.07458) 

Legal and 

Regulatory 
Compliance 

(0.04726) 

S1 0.28896 0.22939 0.08623 0.08661 0.04972 0.04726 

S2 0.28896 0.15712 0.08623 0.08661 0.07458 0.04726 

S3 0.28896 0.24739 0.08623 0.12991 0.04972 0.04726 

S4 0.28896 0.19246 0.08623 0.12991 0.07458 0.03545 

S5 0.37152 0.14055 0.06467 0.06496 0.07458 0.03545 

S6 0.37152 0.10981 0.06467 0.06496 0.04972 0.04726 

S7 0.28896 0.20356 0.08623 0.06496 0.03729 0.03545 

S8 0.37152 0.12242 0.12934 0.06496 0.03729 0.03545 

S9 0.28896 0.23949 0.06467 0.12991 0.04972 0.04726 

S10 0.37152 0.13566 0.06467 0.12991 0.07458 0.04726 

 

Step 5. Calculation of Performance Score for each Alternative (𝑃𝑖): 𝑃𝑖  = 
1

n

j ij
j

w r
=
 . 

This yields Table 11. 

 

Table 11: Performance Score 
Si S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

𝑃𝑖 0.7882 0.7408 0.8495 0.8076 0.7517 0.7079 0.7165 0.7609 0.8200 0.8236 

 

Step 4.  The alternatives can now be preference-ranked according to the descending order of the value of 𝑃𝑖 .  From 

Step 3, it is observed that site S3 is the best potential gold mining site since it has the highest 𝑃𝑖  value of 0.84947, 

while site S6 is the worst potential gold mining site since it has the least 𝑃𝑖  value of 0.70794 based on the 

evaluation criteria. Hence S3 ≻  S10  ≻  S9 ≻ S4 ≻ S1 ≻  S8  ≻  S5 ≻  S2 ≻  S7 ≻  S6. 

 

Mathematical analysis using the MULTIMOORA Model 

Step1:   Formation of a decision matrix D = ⟦𝑥𝑖𝑗⟧
𝑚 × 𝑛

 

This step leads to Table 12. 

 

Table 12: Decision matrix under MULTIMOORA 
 

 

Sites 

Gold Grade 

and Ore 

Reserves 

 

Operations cost 

per ounce of 

gold (US $) 

 

Environmental Impact 

 

Health and 

Safety Risks 

 

Social Impact 

 

Legal and 

Regulatory 

Compliance 

 

S1 35 2,324 3 3 3 4 

S2 35 3,393 3 3 2 4 

S3 35 2,155 3 2 3 4 

S4 35 2,770 3 2 2 3 

S5 45 3,793 4 4 2 3 

S6 45 4,855 4 4 3 4 

S7 35 2,619 3 4 4 3 

S8 45 4,355 2 4 4 3 

S9 35 2,226 4 2 3 4 

S10 45 3,930 4 2 2 4 

1

2
n

j

ijx
=

            15450           113413386                    113                         98                    84                     132 
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1

2
n

j

ijx
=

        124.30           10649.57                    10.63                      9.90                 9.17                  11.49 

 

Step 2: Construction of Normalized Decision Matrix 

To normalize the decision matrix, divide each value of each column by the corresponding  

1

2
n

j

ijx
=

  value. This 

leads to Table 13. 

 

Table 13: Normalized Decision Matrix (NDM) R = ( ijr ) 

 
 

Sites 

Gold Grade 
and Ore 

Reserves 

 

Operations cost 
per ounce of 

gold (US $) 

 

Environmental Impact 
 

Health and 
Safety Risks 

 

Social Impact 
 

Legal and 
Regulatory 

Compliance 

 

S1 0.28158 0.21822 0.28222 0.30303 0.32715 0.34813 

S2 0.28158 0.31860 0.28222 0.30303 0.21810 0.34813 

S3 0.28158 0.20236 0.28222 0.20202 0.32715 0.34813 

S4 0.28158 0.26010 0.28222 0.20202 0.21810 0.26109 

S5 0.36203 0.35616 0.37629 0.40404 0.21810 0.26109 

S6 0.36203 0.45589 0.37629 0.40404 0.32715 0.34813 

S7 0.28158 0.24593 0.28222 0.40404 0.43621 0.26109 

S8 0.36203 0.40894 0.18815 0.40404 0.43621 0.26109 

S9 0.28158 0.20902 0.37629 0.20202 0.32715 0.34813 

S10 0.36203 0.36903 0.37629 0.20202 0.21810 0.34813 

 

Step 3: Computation of Weighted Normalized Decision Matrix (WNDM) 

To get WNDM, multiply each column of NDM by the weights jw , of the weight vector computed in step 

2. This leads to Table 14. 

 

Table 14: Weighted Normalized Decision Matrix U( iju ) = ijr  jw  

 

 
Sites 

Gold Grade 

and Ore 
Reserves 

(0.37152) 

Operations Cost 

per ounce of 
gold (US $) 

(0.24739) 

Environmental Impact 

(0.12934) 

Health and 

Safety Risks 
(0.12991) 

Social Impact 

(0.07458) 

Legal and 

Regulatory 
Compliance 

(0.04726) 

S1 0.10461 0.05399 0.03650 0.03937 0.02440 0.01645 

S2 0.10461 0.07882 0.03650 0.03937 0.01627 0.01645 

S3 0.10461 0.05006 0.03650 0.02624 0.02440 0.01645 

S4 0.10461 0.06435 0.03650 0.02624 0.01627 0.01234 

S5 0.13450 0.08811 0.04867 0.05249 0.01627 0.01234 

S6 0.13450 0.11278 0.04867 0.05249 0.02440 0.01645 

S7 0.10461 0.06084 0.03650 0.05249 0.03253 0.01234 

S8 0.13450 0.10117 0.02434 0.05249 0.03253 0.01234 

S9 0.10461 0.05171 0.04867 0.02624 0.02440 0.01645 

S10 0.13450 0.09129 0.04867 0.02624 0.01627 0.01645 

 

Step 4. Find the ratio of the sum of weighted normalized performance scores of beneficial criteria 

( ) to the sum of weighted normalized performance scores of non-beneficial criteria (

) of each alternative from step 3.  This results is in Table 15. 

 

Table 15: Ratio of scores of beneficial criteria to scores of non-beneficial criteria 
Alternatives 

  

iU  = . 

S1 0.12106 0.15426 0.78478 

S2 0.12106 0.17096 0.70812 

S3 0.12106 0.13720 0.88236 

S4 0.11695 0.14336 0.81578 

S5 0.14684 0.20554 0.71441 

S6 0.15095 0.23834 0.63334 

*max ijx
 *min ijx

*max ijx  *min ijx
 * 

 * 

max

min

ij

ij

X

X



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S7 0.11695 0.18236 0.64131 

S8 0.14684 0.21053 0.69748 

S9 0.12106 0.15102 0.80162 

S10 0.15095 0.18247 0.82726 

 

Step 5. Rank the set of alternatives according to the highest to the least value of 𝑈𝑖 . 

From Step 5, it is observed that site S3 is the best potential gold mining site since it has the highest value 

of 0.88236, while site S6 is the worst potential gold mining site since it has the lowest value of 0.63334 based on 

the evaluation criteria. Hence S3 ≻  S10  ≻  S4 ≻ S9 ≻ S1 ≻  S8  ≻  S5 ≻  S2 ≻  S7 ≻  S6. 

 

Table 16 presents the rankings from the three models 

 

Table 16: Ranking Order Comparison of the three models 
Model Ranking Order of Alternatives 

TOPSIS S3  ≻  S1   ≻  S9  ≻  S4  ≻  S7 ≻  S10  ≻  S2  ≻  S5  ≻  S8  ≻  S6 

WSM S3  ≻  S10  ≻  S9  ≻  S4  ≻  S1  ≻  S8  ≻  S5  ≻  S2  ≻  S7  ≻  S6 

MULTIMOORA S3  ≻  S10  ≻  S4  ≻  S9  ≻  S1  ≻  S8  ≻  S5  ≻  S2  ≻  S7  ≻  S6 

 

IV. Results And Discussion 
The alternative S3 is the top choice according to all three methods. Given that it remains consistent 

across all the three methods. S3 appears to be the best option irrespective of the any of the three models used. In 

other words, S3 performs well in all the assessed criteria. On the contrary, alternative S6 constantly performs 

worse than the other site choices, as seen by its lowest ranking (the last) in all three approaches. 

The intermediate choices (S1, S9, S4, S7, S10, S2, S5, S8) have different ranks depending on the 

approach used. This variation emphasizes how each technique weighs the advantages and disadvantages of 

various possibilities differently. For example, S10 is ranked higher (2nd) by WSM than by TOPSIS (6th) and 

MULTIMOORA (2nd), suggesting that the techniques may highlight distinct characteristics of S10. Although S1 

is ranked second by TOPSIS, it is placed lower (5th) by both WSM and MULTIMOORA, indicating that WSM 

and MULTIMOORA place less weight on factors that TOPSIS prioritizes. 

The variation in rankings suggest that the approach utilized has an impact on the decision-making 

process, especially in the intermediate places. For decision-makers to appropriately interpret the outcomes, they 

must be aware of the underlying presumptions and focal points of each approach. This variance might also mean 

that some criteria matter more in one technique than in another. In TOPSIS, the distance to an ideal solution is 

taken into account, however, in WSM, alternatives with great performance in key criteria may be rated differently. 

This research aimed to determine which gold mining site selection technique is best for Ghana by using 

the same input data for three distinct MCDM approaches and comparing the ranking of the possibilities for each 

method. Three MCDM methods; TOPSIS, WSM, and MULTIMOORA-were selected because they each take a 

distinct approach to calculating alternative values and allow for the application of criteria that can designate the 

optimal value, such as a certain minimum or maximum. Although the models did not produce the same results, 

S3 and S6 were consistently ranked as the best and worst alternatives in each of the methods. In Ghana's Ashanti 

Region, S3 is the most preferred location for gold mining operations based on six factors (or criteria) taken into 

account in this work. S6 on the other hand is the least preferred site for gold mining. 

Since S3 consistently ranks highest among all MCDM techniques, it ought to be given priority for gold 

mining. Its viability must be confirmed by feasibility studies, which include socioeconomic and environmental 

evaluations. If S3 has difficulties, S10, S9, and S4 have to be taken into account as backups. To evaluate the 

effects of methodological variances and criterion weights, sensitivity analysis is required. Involving stakeholders 

is essential for sustainability and wider acceptability. To lessen adverse impacts, environmental impact 

assessments must be carried out. To improve the robustness of decision-making, future studies should investigate 

hybrid MCDM techniques such fuzzy MCDM or AHP-TOPSIS. 
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