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ABSTRACT

SCM is Sustainable as a Depot among emerging economies, particularly in resource-

based industry such as textile industry. Since the textile industry is an export oriented

and labor-intensive sector in Pakistan; therefore, choosing of green suppliers is most

important factor to enhance organization competitiveness globally as well as meeting

sustainability requirements. In this study, both green supplier selection issue and q-

Rung Ortho pair Fuzzy Sets (q-ROFS) are considered along with the Technique for

Order Preferences by Similarity to an Ideal Solution (TOPSIS). The proposed hybrid

model captures the uncertainly and indecision during the opinions of experts, hence

allows for an effective decision making in supplier performance evaluation from

environmental, social and operational perspectives. Questionnaires were used as data

collection tool from the top textile retail stores purchasing managers in Pakistan,

expert judgments organized in q-ROF-TOPSIS. The result shows that suppliers with a

proactive stance towards compliance to environmental laws, waste reduction

programs and utilization of renewable energy sources have a competitive advantage in

all tendering processes. Policy Consideration Prospective Textile merchandise

suppliers are encouraged to prefer counterparts who comply with sustainable

development goals and global trade standards. Theoretical contributions the study

contributes in the application domain from theoretical perspective by employing q-

ROF-TOPSIS to ascertain the extent of GSC and offering managerial implications

that how to green their business following it.

Keywords; Green supplier selection. q-Rung Orthopair Fuzzy Sets. TOPSIS. Textile

industry, Sustainable supply chain management, Pakistan
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INTRODUCTION

The supply chain management is no longer the same because of the issues such as

globalization, environmental concerns and stakeholder pressures. For traditional

supplier selection, primarily based on cost, quality and delivery performance (Escrig

et al., 2010; Jayaram et al., 2003), sustainability considerations have become more

and more demanding. Authorities, shoppers, and overseas buyers expect adherence to

green concepts especially in areas with high environmental footprints. Textile

industry- the 2nd worst polluter globally in terms of water consumption, chemicals

used, waste generated, is on its toes. Pakistan-based textile industry (Textile City

Karachi -TCK) was the largest one in Asia while it contributes approximately 60 per

cent share of national exports, employed millions workers and a majority of

contribution to the countrys revenue. Yet, the industry is confronting some issues such

as old production technologies, energy consumption inefficiency, with no waste

processing systems and growing global pressure to adhere to sus-tainability

certificates. Green supplier choice has moved on from being a matter of opportunism

for retail companies in the sector: it is now imperative and strategic, as sustainability

becomes another critical criterion of international competitiveness (and survival) in

economies.

Sustainable supply chainsAlthough the interest in sustainable supply chains has been

growing among textile retailers in Pakistan, there are still no structured processes of

integrating environmental and social factors into evaluations within supplier

assessment. These traditional decision making approaches are generally not viable to

cope with the vagueness and incompleteness of expert judgments in the process of

selecting suppliers based on a broad set of such complex sustainability metrics. The

process of evaluating suppliers is inherently complex, affecting different stakeholders

and involving subjectively perceived trade-offs between conflicting criteria as cost

efficiency vs energy use, emissions reduction, labor practices as well as innovation in

eco-materials. Current models either simplify these parameters and or do not consider

the uncertainty in the minds of decision makers and offer only rankings of suppliers
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that may not be consistence with long-term sustainability targets. In this situation,

using conventional methods and only focusing on traditional policies can lead to

significant reputational impacts of which firms ought to be aware, as well as

competitive harm including exclusion from green markets. As a result, there is an

imperative demand for sophisticated decision support systems which can handle

uncertainty, hesitation and boundedly rational judgement involved in supplier

evaluation especially within the textile industry environment of Pakistan where being

globally competitive means taking the lead in socially responsible business.

One approach to tackle such challenges is multi-criteria decision-making (MCDM).

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) is one

of them, and it has become one of the most commonly used methods. TOPSIS offers a

rational way to evaluate suppliers in terms of their relative distance to the ideal

solution and thus, it can be used for supplier ranking. It is attractive due to its

simplicity and the fact that it can be used in a complex decision environment.

Nonetheless, its performance greatly relies on the assumption of accurate and full

information that is typically impossible in practice. Sustainability ratings frequently

include qualitative judgements about a supplier’s environmental ethos, plans for

reducing waste and laborer welfare policies—factors that aren’t possible to quantify

accurately. In addition, decision-makers might be reluctant to express strong

preferences for a number reasons including minimal staff input and competing

organizational priorities.

This has motivated the use of fuzzy set theory which enforces flexibility in modelling

uncertainty and indecisiveness. Intuitionistic fuzzy sets-improved the ability to

account for the degrees of membership and non-membership, - whereas, Pythagorean

fuzzy set also provided a higher degree of hesitation This flexibility allows to

represent in a more accurately way hesitation, which is very common in the decision

making task regarding sustainability where trade-offs among economic, social and

environmental criteria are very context-dependent. Therefore, the amalgamation of q-

ROFS with TOPSIS gives a strong hybrid model by which it is possible to meet the
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compromise between mathematical decision-making operations and dealing

efficiently subjective judgments, uncertainty and hesitation. Thereby, such an

integration enables more comprehensive and robust evaluation/ranking of suppliers

especially in a multi-aspect concerning industry as the textile one is.

The implementation of q-ROF-TOPSIS is very meaningful for Pakistani textile

retailers, who are working under increasing global pressure. Global buyers are more

and more demanding fulfilling sustainable standards, such as OEKO-TEX, ISO 14001

or the Higg Index pattern to get their suppliers approval. Contingencies for non-

compliance may include lost contracts, access to markets, reputation and/ or networks.

On the other hand, the usage of supplier evaluation systems that are driven by

sustainability criterions increases credibility towards international partners and brands

perception and places retailers as responsible actors on a globalized market. In

addition, sustainability in supplier selection leads to long-term efficiency gains with

less waste, better management of energy and innovation-friendly product

development. But there are still several retailers in Pakistan that c0ntinue to rank cost

and delivery higher than environmentl protection and social justice, showing the

mismatch of global expectations to ground realties. To reconcile this gap, a context

aware but globally sensitive framework is necessary which q-ROF-TOPSIS exactly

provides the one.

It is this gap that the current study intends top fill by proposing a systematic, scientific

and contextually appropriate model of evaluation of supplier for Pakistani textile

retail sector. It aims for four major goals. First, it designates and arranges the

foremost green criteria that are applicable in Pakistani textile sector for supplier

assessment. Second, it establishes and implements a q-ROF-TOPSIS model to rank

potential suppliers. Third, it provides empirical evidence on the impact of

sustainability practices on supplier competitive advantage in emerging markets.

Fourthly, it gives useful advice to managers to incorporate sustainability in

procurement strategies in accordance with international standards as well as with the

reality of local industry. In achieving these aims the paper builds TGRs ability to face
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global sustainability pressures, and thus gain a competitive advantage for Pakistani

textile retailers.

From the general management sciences point of view, this study contributes in three

ways. From a theoretical perspective, it contributes to supplier selection literature by

introducing the q-ROF-TOPSIS in an emerging country context and expanding the

frontier of MCDM application in sustainable supply chain management.

Methodologically, it is illustrated that q-ROFS method effectively reflects the

hesitation and uncertainty of decision-maker to help avoid intuitionistic and

Pythagorean fuzzy methods. In that sense, it provides an advisory tool for managers

and practitioners in the Pakistani textile industry concerning sustainability-based

supplier selection. The combination of theory, methods and practice renders the

research scholarly and managerial valuable in its theoretical implications for both

business practices allowing businesses to pursue their sustainability objectives

without sacrificing much of their competiveness in a fast-paced textile market on the

global stage.

LITERATURE REVIEW

The increasing concern for environmental sustainability has changed the classic

supplier selection into a multi-criteria decision problem, considering not only

economical fitness but also environmental responsibility. The ascription of suppliers

with the cost, quality and reliability criterions has evolved; becoming necessary to

juxtapose them according with the dimensions defined by sustainability, even more in

industries that cause a great impact on the environment such as textiles. Green

supplier selection (GSS) is widely recognized as a critical factor in sustainable supply

chain management (SSCM). According to Govindan et al. (2015), adding green

criteria to supplier assessment leads to more sustainable competitiveness in the long

run, due to regulatory compliance, greater stakeholder trust and lower environmental

damage. This transition has catalyzed the construction of structures and tools for

decision-making, which can address the characteristic complexity of sustainability

assessment.
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The textile industry's sustainability challenges are especially grave. It is recognized as

one of the major environmental polluters on a global scale in terms of consumption of

water, chemical dyeing and emission of greenhouse gases (Khan et al., 2021). Global

customers are also demanding that textile exporters meet global environmental

standards, including OEKO-TEX, ISO 14001 and the Higg Index. Non-compliance,

meaning the inability to meet these requirements, may lead towards loss of

international markets access. Given that the textiles industry is one of the main

exports, particularly in developing countries like Pakistan, it also becomes an

economic compulsion to incorporate green supplier selection practices even

environmentally. Previous research including Chowdhury and Quaddus (2016) have

indicated that green procurement practices improve operational efficiency and brand

image, therefore emphasizing the need to include sustainability into supplier

evaluation models.

Yet, the classical supplier choice approaches do not effectively handle the subjective

and uncertain character of sustainability -related judgments. Several MCDM

approaches such as AHP, ANP and TOPSIS etc has been widely used for supplier

evaluation (Ho et al., 2010). One of these methods is the TOPSIS method due to its

simplicity in comparing alternatives by calculating the distances from selected ideal

solution. The approach, however, depends on the existence of actual numbers—a

condition that is difficult to meet in evaluations of the subjective category such as

level of supplier commitment to renewable energy or efforts toward waste reduction.

As a result, the researchers have combined fuzzy set theory with MCDM methods to

reflect more accurately, uncertainty and hesitancy of human judgments.

The fuzzy set theory proposed by Zadeh (1965) is well known and has been used in

decision-making problems involving uncertain information. Atanassov (1986)

introduced the intuitionistic fuzzy set, which generalized the fundamental ideas of

fuzzy theory by adding parts for a non-membership and hesitation degree to provide

coordinative structures capable of capturing more information. The more general

Pythagorean fuzzy sets were then introduced by Yager (2014) that generalize IFS to
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extend the range of membership and non-membership values. While these extensions

have considerably promoted decision-making under vagueness, they still suffer from

restrictions when decision-makers encounter complicated trade-offs with large levels

of hesitation. In order to handle this issue, Yager (2017) introduced q-Rung Orthopair

Fuzzy Sets (q-ROFS), which is a generalization of the Pythagorean fuzzy sets that

allows decision-makers to assign membership and non-membership degrees such that

their $q$-th power sums do not exceed 1. This extension provides more flexibility and

outperforms in practical applications where uncertainty is involved.

The coupling of q-ROFS with MCDM techniques has been attracting attention in

recent years. The q-ROF-based methods have been used by researchers on problems

related, but not limited to, risk evaluation (Liu & Wang, 2019), project selection

(Peng & Dai, 2020) and medical decision-making (Rani et al., 2022). These works

consistently show that q-ROFS increases the reliability of decision-making models by

truly reflects hesitation and uncertainty. q-ROF-based frameworks have been rarely

addressed in the supplier selection literature. For example, Bai et al. (2021) developed

a q-ROF-TOPSIS model to examine sustainable suppliers within manufacturing, and

established that the method furnished better rankings than intuitionistic and

Pythagorean fuzzy models. Similarly, Abdel-Basset et al. (2019) mention that

sophisticate fuzzy techniques enhance trustworthiness of supplier evaluation results

under dynamic and uncertain environments. But the applications in textile industry -

particularly from a developing country like Pakistan are rare and this paper attempts

to fill such gap.

The Pakistani textile industry forms a special attractive example for the application of

q-ROF-TOPSIS. International purchasers drive local retailers to have their suppliers

adhere to environmental and social standards. However, it is noted in several studies

(Ali & Khan, 2019; Saeed et al., 2020), that supplier evaluation practices in Pakistan

are still primarily cost based with a limited integration of sustainability considerations.

Additionally, previous studies about green supplier selection in Pakistan have been

based on conventional MCDM models like the fuzzy AHP (Khan & Qianli, 2017) or
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the hybrid AHP-TOPSIS method (Shafiq et al., 2020), which are unable to completely

represent decision‐makers’ hesitation under uncertain evaluation situations. This

reveals a methodological gap in which novel fuzzy extensions like q-ROFS have not

been exhaustively used systematically to assess suppliers within this sector up to now.

The literature presents three distinct insights: 1. First of all, green supplier selection is

important for sustainable SCM, especially in a heavy ecological impact industry like

textiles. Second, although MCDM methods like TOPSIS have widely been used in

supplier assessment, the need of accurate data require these methods to be combined

with fuzzy set theory when facing uncertainty. Third, despite being the most recent

approach in dealing with hesitation and vagueness issues, the application of q-ROFS

for green supplier selection with reference to Pakistani textile industry is also

underdeveloped. This paper addresses these issues by proposing a q-ROF-TOPSIS

model for supplier selection of Pakistani textile retailers which may advance the

methodology and practice of sustainable supplier evaluation.

RESEARCHMETHODOLOGY

This research employs a quantitative, multi-criteria decision-making (MCDM) design

to assess and rank green suppliers in the context of Pakistani textile retail industry.

The technique merges q-Rung Orthopair Fuzzy Sets (q-ROFS) and the Technique for

Order Preference by Similarity to Ideal Solution (TOPSIS) to solve uncertainty and

hesitancy problems present in sustainability judgments. This combined method

enables both objective and subjective information is enable to be efficiently collected

and conducted so as to construct a powerful model for suppliers evaluation.

Data were collected in two phases. In the first phase, primary green supplier

evaluation criteria were determined based on literature review with support of experts

from supply chain management, sustainability and retailing in textile industry.

Finalized criteria consisted of environmental performance (e.g., decrease in waste,

emissions), social responsibility (e.g., worker well-being, compliance with labor

standards) and operational performance issue (e.g. cost, quality and delivery time

reliability). In the second phase, decision makers like purchase manager and
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sustainability officer of five big textile retail chain in doing business in Pakistan were

interviewed. The participants were targeted by purposive sampling due to their

expertise in sustainability-oriented supplier selection processes. Semantic

questionnaires were designed to collect experts' evaluations of candidates against the

screening criteria so that respondents could assess them by means of language

expressions and inferred into q-ROF values.

The q-ROFS model was used to represent uncertainty in expert judgments. It is worth

noting that unlike both the traditional fuzzy sets or its extensions, q-ROFS provides

more degrees of freedom as it covers simultaneously the higher membership degree

and non-membership degree as well hesitation. This is especially interesting in

supplier evaluation, as decision-makers tend to be reluctant to perform precise

assessments because data is restricted or priorities are competing or sustainability

practices are ambiguous. The expert linguistic judgments were converted into q-ROF

numbers that express their qualitative opinions more accurately.

After data were standardized, we have implemented the q-ROF-TOPSIS method to

rank suppliers. This process consisted in normalized decision matrices, definition of

weighted normalized values, development of positive ideal and negative ideal

solutions and calculation of a closeness coefficient for each supplier. The providers

were then rated from 1 to 3 based on their relative distance of the ideal in H1: Level

of Buying Pressure (d^*) information, where a higher number demonstrates closer

spport of sustainability principles. A sensitivity analysis was performed to check the

stability of supplier rankings for robustness, where the criterion weights were changed.

This step further validated the model is robust when faced with uncertainty and

preference changes.

The methodological tool that we employed is q-ROF-TOPSIS, which offers a

double—sided support. First the TOPSIS structured comparison approach to supplier

selection, which used for AHP here and known widely in supplier selection research.

Second, it takes advantage of the advanced fuzzy uncertainty-treatment ability of q-

ROFS to offer a richer and more realistic view of the decisions makers' evaluations
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with respect to that given by classical fuzzy or Pythagorean approaches. This system

ensures that the resulting rankings take into account not only quantitative strength but

also qualitative depth.

Nevertheless, some caveats should be recognized. Limitation The study is based on a

sample of textile retailers in Pakistan and might not be generalizable to other

industries or nations. Furthermore, the dependency on expert’s feedback may result in

subjectivity; however the utilization of q-ROFS reduces this issue by addressing

hesitation and vagueness. Further studies may improve the methodology by using

more data, extending application of hybrid MCDM methods or comparison with other

fuzzy-based decision models. Nevertheless, the methodological framework utilized in

this research presents a valid methodology as being context relevant for green

suppliers' selection within the context of Pakistani textile industry.

RESULTS

application of q-Rung Orthopair Fuzzy TOPSIS model provided distinct evidences

related to supplier’sselection process that occurs in Pakistan textile retail industry.

The study started with the development of a framework to structure criteria reflecting

the multi-dimensional character of sustainability-based sourcing. Economic criteria

were symbolized by such parameters as waste reduction and recycling, energy

efficiency, and environmental emissions. Social responsibility included worker well-

being and safety, labor standard compliance, and community involvement;

operational performance included cost competitiveness, product quality, and delivery

reliability.

The criteria for the relative importance of these were evaluated by experts using

linguistic scales and then transformed into q-ROF numbers to reflect the uncertainty

and hesitancy in judgment. Upon aggregation, it is indicated that the environmental

performance has the highest importance weight of 0.42 followed by social

responsibility at 0.35 while operating performance is lagging far behind with only a

weightage of 0.23 possible scores). This weighting of factors indicates a shift in

attitude toward sustainability within the Pakistani textile retail sector as cost and
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efficiency considerations head into the background. Such a change accords with

increasing international purchasers and standards of regulation that require swift

adherence to green tactics.

A cluster of five suppliers S1-S5 were considered using the final weights and criteria.

Linguistic evaluations from each expert were utilized to collect linguistic evaluations

of the performance of all suppliers on the criteria, which were transformed into q-

ROF numbers and integrated into the decision matrix. After normalization of the data,

ideal and anti-ideal solutions were found by q-ROF-TOPSIS, as well as for

calculating closeness coefficients. These coefficients--which reflect how closely a

supplier comes to the ideal profile--formed the ranking basis.

The analysis results are reported in Table 1, which displays the closeness coefficients

obtained and the suppliers’ final rankings.

Table 1: Supplier Closeness Coefficients and Rankings

Supplier Closeness Coefficient (CC) Final Ranking

S1 0.67 3

S2 0.72 2

S3 0.59 4

S4 0.81 1

S5 0.44 5

According to the results, Supplier S4 is identified as the most preferred supplier

reaching with a largest closeness coefficient of 0.81. This supplier showed top

performance in environmental performance, particularly in terms of waste and energy,

accompanying good labor standards compliance. Supplier S2 came in second with a

coefficient of 0.72, largely by the virtue of having a strong social responsibility record

and matched only poor cost competitiveness muster. Supplier S1 was the third highest

ranked supplier (score of 0.67) and offered even, albeit non notable performance
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across the criteria. S3, the 4th of which was ranked and its weakness in environmental

and social aspects were revealed (r = 0.59). SNS 5 was the worst supplier (coeff =

0.44) mainly due to a poor environmental attitude and low compliance with

sustainability certificates.

The findings are significant, according to the study.” The preponderance of Supplier

S4 suggests that companies with environmentally sustainable initiatives can have a

significant competitive advantage in supplier credentialing when decision-makers

employ sophisticated models for evaluation also based on ecological and social

aspects. By contrast the poor performance against S5 says that retailers who persist

with partners that are behind on green practice run real risks in both achieving

internationally expected standards and their brand reputations.

For robustness of the results under different scenarios, a sensitivity analysis was

carried out to change the weights of 3 groups of main criteria. In a case where the

value added of environmental performance increased by 10%, the results indicated

that Supplier S4 remained higher in ranking and while MCU-R3 generated a 0.01

increase, MCU-R2 received slight positive change. In the second case, emphasis was

given to operational performance by multiplying its contribution weight by 1.10; as a

result of a higher cost responsive score, Supplier S1 overtook Supplier S4 and placed

in the second position, however the first rank for Supplier S4 stayed unchanged. In the

third case, which was a weighted average of all criteria, once again S4 was ranked

first and S5 last.

The consistency of rankings in all scenarios further demonstrates the reliability of the

q-ROF-TOPSIS model to cope with uncertainty and preference change. The

classification of willingness coefficients settings using closeness coefficient under

three sensitivity conditions is shown in Fig.1, where it is obvious that Supplier S4

ranked the first place in all cases and supplier S5 always took last position.



c

13

TER

(Figure 1: Bar chart of supplier closeness coefficients under sensitivity scenarios —

S4 consistently highest, S5 consistently lowest)

The findings of this study have practical implications for purchasing managers in the

textile retail sector. The crystal clear preference for the environmental and social

dimensions indicate that Pakistani retailers need to realign their sourcing strategies

with international sustainability norms. Suppliers such as S4 showcase what others

can replicate, particularly in terms of utilizing energy-efficient methods and labor law

enforcement. Suppliers who were assessed to have poor sustainability practices, on

the other hand, are considered a strategic risk due to reliance upon them potentially

undermining international market access and leading to reputational pressures.

Decision-makers in the textile retail industry would use q-ROF-TOPSIS to improve

their process of evaluating suppliers while taking into account sustainability-related

aspects to the textile, along with operational concerns; and systematize and assist in

coping with uncertainty or hesitation associated with judgment. Such a systematic
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approach enhances transparency and decisions confidence, and sends the message to

stakeholders that sustainability represents an integral part of procurement strategies.

In general, the findings indicate that advanced fuzzy MCDM methods can become

very effective to incorporate sustainability into multi-stage supplier selection

processes in globally benchmarked industrial contexts.

DISCUSSION

The results of this research further highlight the increasing significance of

sustainability in supplier choice for textile retail company in Pakistan. It showed that

ESL elements are strongly influencing than conventional performance criteria (cost,

quality, and delivery reliability), including environment & society dimensions in a

balanced form. This is consistent with previous studies, which indicated that supply

chains are no longer judged by the maximisation of economic efficiency, but also by

their capacity to mitigate against environmental harm and maintain social standards

(Govindan et al., 2015; Seuring & Müller, 2008). The environmental criteria

prioritized by Pakistani textile retailers imply an emerging values set that is in line

with global sustainability discourse, while the industry has traditionally operated

under cost-led model of supplier relations.

The development and application of q-Rung Orthopair Fuzzy TOPSIS model was a

new perspective to cope with uncertainty and hesitancy involved in human judgments.

However, classical supplier selection models are deterministic or fundamental fuzzy

models and do not consider the hesitation of decision makers. In contrast, the q-ROF

framework was capable of expressing richer forms of preference and yielded a stable

discharge sequence under different weighting scenarios. This methodological advice

contributes to the literature on fuzzy multi-criteria decision making, and confirms

previous findings that newer fuzzy extensions make more realistic contributions of

decision support in complex management situations (Liao et al., 2019).

The findings have implications for mangers as well. The highest-ranking supplier, S4,

is an excellent example of how shipments involved in vigorous environmental

protection efforts that are also compliant with labor standards can improve
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competitive trading power. Those retailers who prefer these suppliers not only fulfill

international compliance standards, for example, OEKO-TEX or ISO 14001, but add

value to their brand image in export markets. In contrast, the consistently lower

position of Supplier S5 shows that when player in the supply chain turn a blind eye to

sustainability there is danger for their market access since bad environmental and

social performances may hamper their acceptance on the market where demand and

regulation scrutiny grows. Managers must therefore incorporate sustainability into

procurement as a strategic rather than an add-on affair, using frameworks like q-ROF-

TOPSIS to ensure enlightened and transparent choices.

The sensitivity analysis emphasized the stability of the model. Whether focussing on

environmental, social or operational aspects, S4 was still the best option and S5 was

the least favorable. This type of stability is important in applications, since it means

the rankings will not be heavily influenced by slight changes in managerial

preferences or weighting. It indicates that sustainability-oriented supplier assessments

yield reproducible results, which enhances the power of fuzzy MCDM models in

procurement decision-making.

From a policy perspective, these results are important for the Pakistan textile industry,

which continues to be a key player in the country's economy but is experiencing

increasing international pressure to become greener. Policy makers and trade

organisations could apply the findings of this study when considering frameworks or

certification schemes to promote suppliers´ investments in sustainability. Fostering

lower-tier suppliers’ abilities to reduce waste or energy usage through incentives,

training, and infrastructure may increase the competitiveness of industry overall.

Furthermore, consumers in international markets are ever-more demanding of

traceability and sustainability audits; creation of structured reviewing mechanism at

retailer’s level can ensure adherence to such applications, thus enhancing position HR

Chain in global trade for Pakistan.

This paper makes a theoretical contribution in linking fuzzy decision-making progress

with applications on the ground in the developing economy setting. Although
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academic literature has concentrated on developed markets, usage of q-ROF-TOPSIS

on the Pakistani textile industry 22 indicates its utility in industries where

sustainability and CSR have a significant impact, although thorough frameworks are

not amicable23. It therefore broadens the scope of application for q-ROFS from

conceptual provocations, demonstrating that the mode"sound[s] off' when confronting

engineering or operational details in actual supply chains.

On the whole, it emerges that sustainable supplier selection is possible and

strategically beneficial for textile retailers in Pakistan. By using the latest fuzzy

models, corporations can overcome fuzziness in making decisions and striving toward

consistent global standards for ensuring their long-term competitiveness. The question

for the future is how to bring these practices into wider practice and ensure that

sustainability transitions are inclusive, feasible and supported by appropriate policies.

CONCLUSION

The sustainable supplier selection of the Pakistani textile retail industry was

investigated by incorporating environmental, social and conventional operational

factors based on q-Rung Orthopair Fuzzy TOPSIS (q-ROF-TOPSIS) in this research.

The findings imply that sustainability, especially environment and social dimensions

have higher impact compares to traditional cost, quality and delivery aspects. This

represents a radical shift from the high price-only assessment practice in the textile

industry of the past, reflecting worldwide narratives on sustainable and ethically

responsible supply chain management.

By introducing q-ROF-TOPSIS, we enhanced the methodology applied in this paper

and enabled it to handle hesitancy, uncertainty, and complexity involving decision

making. Unlike deterministic or classical fuzzy approaches, the q-ROF models

enabled decision-makers to express more complex preferences leading to congruent

and dependable suppliers ranking under various weighting situations. The robustness

of the model under sensitivity analysis supports its usefulness in practice, showing

that it can be employed in industries affected by uncertainty and trade-offs related to

procurement decisions.
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The results have important managerial implications. Retailers that push suppliers such

as S4, which already have strong environmental protection measures and comply with

labor standards aside from getting international certification like ISO 14001 or

OEKO-TEX will stand to benefit in their brand image as well of being competitive in

the export market. On the other hand, salient suppliers may be threatened with

exclusion from markets that are becoming more and more restricted and

sustainability-oriented. Therefore, sustainability should not be considered as a minor

issue of management but as a strategic necessity by dynamically embedding into

advanced decision making systems that help in clear and forward looking

procurement decisions.

In terms of policy implications, the findings present Pakistans ailing textile industry

with practicable strategies. Such findings are useful to policymakers, industry

associations and trade bodies who could use these results for designing certification

schemes, incentive systems and training programs to foster sustainable practices in the

supply chain especially amongst SMEs. These measures will not only result in

increased adherence to international and world wide sustainability standards, but

improve the competitiveness of the sector in global markets.

Theoretically, this study can add to the literature by applying advanced fuzzy multi-

criteria-decision-making tools for an emerging economy. It facilitates the transfer

from methodological novelty to practical application in industries with sustainability

transitions. Depending on the data type, further studies involving longitudinal

applications of q-ROF-TOPSIS, or adding real-time information could be studied in

closer future, as well as researcher could consider extending the model to multi-tier

system for more inclusive results.
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