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Abstract 

The mining area belongs to the ecologically fragile area, whose ecological and environmental 

problems have aroused the concern of researchers, for this purpose, studies are conducted in 

the field of environmental quality, sustainability and vulnerability of the ecosystem, 

ecological civilization and ecological security. To select the most appropriate indicators for 

the development of Sangan iron ore mines, sustainable development indicators from the main 

set of indicators of the Sustainable Development Commission were used. The FARE 

technique is based on the relationship between system parameters, that is, the direction and 

strength of their influence. Direction is indicated by a positive or negative, indicating that the 

considered criterion either affects or depends on another criterion. This technique was used 
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to evaluate environmental indicators of mines. The results show that according to the opinion 

of experts, in the economic dimension, the share of women in direct paid employment in the 

mining sector has the highest weight and the income of farmers has the lowest weight. In the 

social dimension, the immigration rate has the highest weight and the dependency rate has 

the lowest weight. In the environmental dimension, Water quality has the highest weight and 

endangered species has the lowest weight. 

Keywords: environmental model, comprehensive assessment, iron ore mining, FARE 

technique, sustainable development indicators. 

 

Resumen 

El área minera pertenece al área ecológicamente frágil, cuyos problemas ecológicos y 

ambientales han despertado la preocupación de los investigadores, para ello se realizan 

estudios en el campo de la calidad ambiental, la sostenibilidad y la vulnerabilidad del 

ecosistema, la civilización ecológica y la seguridad ecológica. Para seleccionar los 

indicadores más apropiados para el desarrollo de las minas de hierro de Sangan, se utilizaron 

indicadores de desarrollo sostenible del conjunto principal de indicadores de la Comisión de 

Desarrollo Sostenible. La técnica FARE se basa en la relación entre los parámetros del 

sistema, es decir, la dirección y la fuerza de su influencia. La dirección se indica mediante 

un positivo o negativo, lo que indica que el criterio considerado afecta o depende de otro 

criterio. Esta técnica se utilizó para evaluar los indicadores ambientales de las minas. Los 

resultados muestran que según la opinión de los expertos, en la dimensión económica, la 

participación de las mujeres en el empleo remunerado directo en el sector minero tiene el 

mayor peso y los ingresos de los agricultores tienen el menor peso. En la dimensión social, 

la tasa de inmigración tiene el mayor peso y la tasa de dependencia tiene el menor peso. En 

la dimensión ambiental, la calidad del agua tiene el mayor peso y las especies en peligro de 

extinción tienen el menor peso. 

Palabras claves: modelo ambiental, evaluación integral, minería de hierro, técnica FARE, 

indicadores de desarrollo sostenible. 
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1. Introduction 

The mining area belongs to the ecologically fragile area, whose ecological and environmental 

problems have aroused the concern of researchers, for this purpose, they have conducted 

studies in the field of environmental quality, ecosystem sustainability and vulnerability, 

ecological civilization, and ecological security (Pessoa et al., 2023; Sohankar, 2024). In 

recent years, ecological risk assessments of the mining area have turned from specific to¿ 

comprehensive (Pan et al., 2012), which has led to the emergence of various research 

perspectives such as landscape (Salinas & Brugnolli, 2024; Wu et al., 2013), land degradation 

(Chang et al., 2012), ecological gradient and ecological carrying capacity (Chi et al., 2021). 

Mining with new technologies (Mining, Minerals, and Sustainable Development, 2002); 

Employing skilled people (Mining, Minerals, and Sustainable Development, 2002); 

Preparation of important raw materials for various industries (Azapagic, 2004; Mining, 

Minerals, and Sustainable Development, 2002); The consensus of experts in different fields 

(Dold, 2008; Mining, Minerals, and Sustainable Development, 2002; Worrall et al., 2009) 

and government investment is accompanied (Mining, Minerals, and Sustainable 

Development, 2002; Worrall et al., 2009). Land use change is one of the consequences of 

mining. The extent of mines on the planet is less than one percent (Hooke et al., 2012), the 

landscape affected by mining and mineral processing extends beyond the mine site. Mining 

in pristine areas is a very good investment that leads to land use change and the consequences 

of this change on biodiversity through infrastructure and access to untouched land (Sonter et 

al., 2018) ami. 

 

2. Materials and methods 

To select the most suitable indicators for the development of Sangan iron ore mines, 

sustainable development indicators from the main set of indicators of the Sustainable 

Development Commission were used (Amiri et al., 2017). The questionnaire was distributed 

among 20 experts from different stakeholder groups. Each participant was asked to rate the 

importance of each indicator on a scale of "very low" to "very high". Beneficiaries include 

government officials of Sangan, mine managers and engineers, professors of Khorasan 

Razavi province, religious leaders of Sangan region and members of local communities. 

Economic indicators include the length of roads, length of railways, increase in family 
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income, farmers' income, ratio of employment to population, share of women in direct wage 

employment in the mining sector and the ratio of annual electricity consumption in the 

mining sector to the total energy consumption in Khaf city (Amiri et al., 2017). Social 

indicators include access to basic health facilities, access to drinking water, access to 

electricity and other energy sources, under-five mortality rate, nutritional status of residents, 

immunization against childhood infectious diseases, net enrollment rate in primary 

education, Net female high school enrollment rate, adult illiteracy rate, population growth 

rate, migration rate, dependency rate, telephone and internet users, number of drug users and 

life expectancy (Amiri et al., 2017). Environmental indicators include Water quality, average 

depth of underground aquifers, water consumption in Sangan mining complex, waste water 

production, air quality, solid waste production, the ratio of hygienically disposed solid waste 

to total production solid waste, protected areas, species at risk and area The land is devoted 

to mining activities (Amiri et al., 2017).  

 

Factor Relationship Technique (FARE) 

This method is based on the relationship between system parameters, that is, the direction 

and strength of their influence. Direction is indicated by a positive or negative, indicating 

that the considered criterion either influences or depends on another criterion (meaning that 

the criterion's influence potential either grows or decreases). This relationship is positive 

when the considered criterion accumulates the potential of another criterion and thus 

increases its influence potential. It can be seen from the figure below that in case (a), the first 

criterion takes part of the potential of the second criterion, therefore, their relationship is 

expressed as +8. In case (b), the considered criterion transfers part of its potential to the 

second criterion of the system, so the relationship between the first and the third criterion 

will be estimated as -9. Therefore, as shown in the figure below, in case (a), criterion 1 is 

more important than criterion 2, while in case (b), on the contrary, it is less important (see 

Figure 1). 
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Figure 1. Relationship between system criteria 

Source: Ginevičius (2011)  

 

The FARE technique was introduced in 2011. This technique is among the methods of 

weighting criteria. In the figure below, as an example, we have 6 criteria that have been rated 

by experts. Then, based on the scale of 1 to 10, the degree of relationship between the criteria 

and the most important criterion (criterion 1) has been determined (see Figure 2). 

 

 

Figure 2. Ranking of criteria by experts in FARE method 

Source: Ginevičius (2011) 

 

Then the amount of transfer of the above-mentioned effects is also determined that each 

number above must be subtracted from the number 10. For example, criterion number 3 must 

be transferred by +1 unit to criterion number 1 in order to compensate for the deficit (see 

Figure 3). 
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Figure 3. The extent of the transfer of effects 

Source: Ginevičius (2011) 

 

Finally, by applying the steps of this method, the final weight of the criteria is obtained, 

which is shown in the figure below, and the final sum of the weights is equal to one (see 

Figure 4). 

 

 

Figure 4. Final weight of criteria 

Source: Ginevičius (2011) 

 

3. Results 

According to the opinion of experts in the economic index, the contribution of women in 

direct paid employment in the mining sector is more important than all criteria. In the next 

step, it was determined to what extent the rest of the criteria are related to the criterion of 

direct paid employment in the mining sector. Based on the following spectrum, the degree of 

connection was determined (see Table 1). 
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Table 1. Linguistic spectrum of FARE method 

Verbal expression Corresponding number 

Almost nothing 1 

Very weak 2 

Weak 3 

Below average 4 

Average 5 

Above average 6 

Strong 7 

very strong 8 

Almost absolute 9 

Absolute 10 

Source: Own elaboration 

 

Determining the weight of sustainability dimensions by FARE 

First, the potential impact of dimensions is determined. In the next step, the dimensions are 

ranked by experts based on their importance. According to experts, the order of dimensions 

is environmental, economic and social. Interrelationships between system dimensions (Table 

2) are quantified based on their rank using Table 1. Table 3 indicates potential impact 

transferred to the first main criterion.  

 

Table 2. Interrelationship between sustainability dimensions 

 Social Economical Environmental 

Environmental 3 2 0 

Source: Own elaboration 

 

Table 3. Potential impact transferred to the first main criterion 

 Social Economical Environmental Pi 

Environmental 3 2 0 5 

Economical 1 0 -2 -1 

Social 0 -1 -3 -4 

Source: Own elaboration 

 

Finally, the weight of the dimensions was determined and tabulated in Table 4. 
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Table 4. The actual effect (𝑷𝒊
𝒇
) and the weight of the criteria 

 𝑃𝑖
𝑓
 Weight 

Environmental 25 0.42 

Economical 19 0.32 

Social 16 0.27 

Source: Own elaboration 

 

Interrelationships between different components of the Environmental dimension of the 

system (see Table 5) were quantified based on their rank. Table 6 shows the potential impact 

of different components of the Environmental dimension of the system transferred to the first 

main criterion. 

 

Table 5. Interrelationship between different components of the Environmental dimension 

of the system 
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Source: Own elaboration 
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Table 6. The potential impact of different components of the Environmental dimension of 

the system transferred to the first main criterion 
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P
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Water quality 7 6 5 4 3 2 2 1 1 0 31 

Average depth of underground aquifers 6 5 4 3 2 1 1 0 0 -1 21 

Sewage production 6 5 4 3 2 1 1 0 0 -1 21 

The ratio of disposed sanitary solid waste to total 

production solid waste 
5 4 3 2 1 0 0 -1 -1 -2 11 

Protected areas 5 4 3 2 1 0 0 -1 -1 -2 11 

Water consumption in Sangan mining complex 4 3 2 1 0 -1 -1 -2 -2 -3 1 

The area of land devoted to mining activities 3 2 1 0 -1 -2 -2 -3 -3 -4 -9 

Air quality 2 1 0 -1 -2 -3 -3 -4 -4 -5 -19 

Solid waste production 1 0 -1 -2 -3 -4 -4 -5 -5 -6 -29 

Endangered species 0 -1 -2 -3 -4 -5 -5 -6 -6 -7 -39 

Source: Own elaboration 

Finally, the weight of the dimensions was determined and tabulated in Table 7. 

 

Table 7. Actual effect (𝑷𝒊
𝒇
) and weight of different components of the Environmental 

dimension of the system 

 𝑃𝑖
𝑓
 Weight 

Water quality 121 0.13 

Average depth of underground aquifers 111 0.12 

Sewage production 111 0.12 

The ratio of disposed sanitary solid waste to total production solid waste 101 0.11 

Protected areas 101 0.11 

Water consumption in Sangan mining complex 91 0.10 

The area of land devoted to mining activities 81 0.09 

Air quality 71 0.08 

Solid waste production 61 0.07 

Endangered species 51 0.06 

Source: Own elaboration 

Interrelationships between different components of the social dimension (see Table 8) were 

quantified based on their rank. Table 9 shows the potential impact of different components 

of the social dimension transferred to the first main criterion. 
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Table 8. Interrelationship between different components of the Social dimension 
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Source: Own elaboration  

 

Table 9. The potential impact of different components of the social dimension transferred 

to the first main criterion 
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Immigration rate 0 10 10 10 10 9 8 8 8 7 7 6 5 5 4 107 

Access to electricity 

and other energy 

sources 

-10 0 0 0 0 -1 -2 -2 -2 -3 -3 -4 -5 -5 -6 -43 

Access to drinking 

water 
-10 0 0 0 0 -1 -2 -2 -2 -3 -3 -4 -5 -5 -6 -43 

Immunization against 

childhood infectious 

diseases 

-10 0 0 0 0 -1 -2 -2 -2 -3 -3 -4 -5 -5 -6 -43 

Mortality rate under 

five years 
-10 0 0 0 0 -1 -2 -2 -2 -3 -3 -4 -5 -5 -6 -43 

Nutritional status of 

residents 
-9 1 1 1 1 0 -1 -1 -1 -2 -2 -3 -4 -4 -5 -28 

life expectancy -8 2 2 2 2 1 0 0 0 -1 -1 -2 -3 -3 -4 -13 

Access to basic health 

facilities 
-8 2 2 2 2 1 0 0 0 -1 -1 -2 -3 -3 -4 -13 

Phone and Internet 

users 
-8 2 2 2 2 1 0 0 0 -1 -1 -2 -3 -3 -4 -13 
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Net enrollment rate in 

primary education 
-7 3 3 3 3 2 1 1 1 0 0 -1 -2 -2 -3 2 

Net enrollment rate of 

women in high school 
-7 3 3 3 3 2 1 1 1 0 0 -1 -2 -2 -3 2 

Number of drug users -6 4 4 4 4 3 2 2 2 1 1 0 -1 -1 -2 17 

Population growth rate -5 5 5 5 5 4 3 3 3 2 2 1 0 0 -1 32 

Adult illiteracy rate -5 5 5 5 5 4 3 3 3 2 2 1 0 0 -1 32 

Dependency rate -4 6 6 6 6 5 4 4 4 3 3 2 1 1 0 47 

Source: Own elaboration 

 

Finally, the weight of the dimensions was determined and tabulated in Table 10. 

 

Table 10. Actual effect (𝑷𝒊
𝒇
) and weight of different components of the social dimension 

 𝑃𝑖
𝑓
 Weight 

Immigration rate 247 0.12 

Access to electricity and other energy sources 97 0.05 

Access to drinking water 97 0.05 

Immunization against childhood infectious diseases 97 0.05 

Mortality rate under five years 97 0.05 

Nutritional status of residents 112 0.05 

life expectancy 127 0.06 

Access to basic health facilities 127 0.06 

Phone and Internet users 127 0.06 

Net enrollment rate in primary education 142 0.07 

Net enrollment rate of women in high school 142 0.07 

Number of drug users 157 0.07 

Population growth rate 172 0.08 

Adult illiteracy rate 172 0.08 

Dependency rate 187 0.09 

Source: Own elaboration 

 

Interrelationships between different components of the Economical dimension (see Table 11) 

were quantified based on their rank. Table 12 indicates the potential impact of different 

components of the Economical dimension transferred to the first main criterion. 
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Table 11. Interrelationship between different components of the Economical dimension 

 

the share of 

women in direct 

paid employment 
in the mining 

sector 

Employment 

to population 
ratio 

Increase 

family 
income 

The ratio of annual 
electricity 

consumption in the 

mining sector to the 
total energy 

consumption in Khaf 

city 

The 
length 

of the 

roads 

The 
length of 

the 

railway 

Farmers' 

income 

the share of 
women in direct 

paid employment 
in the mining 

sector 

0 1 2 4 5 6 7 

Source: Own elaboration 

 

Table 12. The potential impact of different components of the Economical dimension 

transferred to the first main criterion 

 

The share of women 

in direct paid 

employment in the 
mining sector 

Employment 

to 

population 
ratio 

Increase 
family 

income 

The ratio of annual 

electricity consumption in 
the mining sector to the 

total energy consumption 

in Khaf city 

The 

length 

of the 
roads 

The 

length of 

the 
railway 

Farmers' 

income 
Pi 

The share of women in 
direct paid 

employment in the 

mining sector 

0 1 2 4 5 6 7 25 

Employment to 

population ratio 
-1 0 1 3 4 5 6 18 

Increase family 

income 
-2 -1 0 2 3 4 5 11 

The ratio of annual 

electricity 

consumption in the 
mining sector to the 

total energy 

consumption in Khaf 
city 

-4 -3 -2 0 1 2 3 -3 

The length of the roads -5 -4 -3 -1 0 1 2 
-

10 

The length of the 
railway 

-6 -5 -4 -2 -1 0 1 
-

17 

Farmers' income -7 -6 -5 -3 -2 -1 0 
-

24 

Source: Own elaboration 

 

Finally, weight of dimensions were determined and tabulated in Table 13. 

 

Table 13. Actual effect (𝑷𝒊
𝒇
) and weight of different components of the Economical 

dimension 

 𝑃𝑖
𝑓
 Weight 

The share of women in direct paid employment in the mining sector 85 0.20 

Employment to population ratio 78 0.19 

Increase family income 71 0.17 

https://doi.org/10.25100/eg.v0i29.14622
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The ratio of annual electricity consumption in the mining sector to the total energy consumption in Khaf 

city 
57 0.14 

The length of the roads 50 0.12 

The length of the railway 43 0.10 

Farmers' income 36 0.09 

Source: Own elaboration 

 

4. Discussion and conclusion 

In this study, the FARE method was used in order to prioritize the criteria in the 

Environmental model  (sustainability dimensions). The steps of this method are mentioned 

in detail in the materials and methods section. Based on the obtained results, in the economic 

dimension, the share of women in direct paid employment in the mining sector has the highest 

weight and farmers' income has the lowest weight. Direct employment refers to those who 

are employed by the company that is the owner and head of the mine. Contractor employees 

are usually included in this statement if their usual place of work is in a mine (Östensson, 

2014). Therefore, women have a great influence in this sector. The results of Assan & 

Muhammed (2018) showed that households living near mining sites engage in less 

agricultural activities because large tracts of agricultural land have been lost due to mining 

operations. A study by Moffatt and Baker (2013) found that the proposal of a mine in a 

farming community can have a strong negative psychological impact and put an already at-

risk group at greater risk for suicide. Obviously, there are some stresses due to the nature of 

the society, such as an agricultural society with close family ties that go back many 

generations. In the social dimension, immigration rate has the highest weight and dependency 

rate has the lowest weight. Mining settlements are often located in areas with limited 

economic activities, and mining is essentially the only viable employment option for most 

residents – especially the migrant population (Magill, 1964; Marais & Cloete, 2013). The 

closure of mines is often accompanied by significant emigration from the city and the region, 

which is now economically depressed (Magill, 1964). An alternative outcome is the 

occurrence of intra-urban migration after mine closure. Ex-miners often have to move to a 

new home (Bastia, 2011). In the Environmental dimension, water quality has the highest 

weight and endangered species has the lowest weight. Northey et al. (2016) reported that 

mining operations have significant adverse effects on water quality. Mining with risks such 

as: possible flooding of pits, uncontrolled discharges and catastrophic collapse of water 
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pollution control dams. Khan et al. (2013) stated mining poses a great risk to people's access 

to clean drinking water. Acid mine drainage is a mineral waste that is mostly produced from 

gold, coal and copper mining operations. Regmi et al. (2009) mentioned that this wastewater 

is characterized by low pH and high heavy elements. According to a study by Mulopo (2015), 

acid mine drainage is characterized by total dissolved solids, high sulfate, and high levels of 

heavy metals, especially iron, manganese, nickel, and cobalt. Acidic water drainage occurs 

when mining operations related to pyrite (iron disulfide) materials are exposed to oxygen and 

water (Mhlongo et al., 2018).  
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