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The article proposes a comprehensive framework approach to consider strategic de-

cision-making in uncertainty analysis of the global textile industry. The study uses a 

combined approach to scenario-based modelling, risk quantification, supply chain 

resilience measurement, and prediction model evaluation. Data were collected from 

international textile companies and validated by secondary sources, such as industry 

reports and market indicators. Resilience ratios were used to assess several supply 

chain configurations, demonstrating how diversified sourcing mitigated operational 

impacts. It also explored sustainability programs to evaluate their success with both 

environmental and operational results. The results reveal that adaptability, bolstered 

by data-informed forecasting and sustainability embedding underpins more efficient 

organizational decision-making and longer-term resilience.  

 

На фоне нестабильной глобальной экономики компании текстильного 

сектора принимают ключевые решения и реализуют планы в условиях ме-

няющихся цен на сырье, геополитической турбулентности, изменений тех-

нологий и растущих ожиданий от перехода к устойчивому развитию. В ста-

тье предлагается комплексный подход к рассмотрению стратегий приня-

тия решений, включающий моделирование сценариев, количественную 

оценку рисков, определение устойчивости цепочек поставок и проверку мо-

делей прогнозирования. Данные собраны от международных компаний тек-

стильной промышленности и проверены вторичными источниками, та-

кими как отраслевые отчёты и рыночные индикаторы. Показатели устой-

чивости использовались для сравнения различных конфигураций цепей по-

ставок, демонстрируя, каким образом диверсификация источников сырья 

смягчала операционные последствия. Исследовалось также влияние эколо-

гических программ на показатели экологической ответственности и эконо-

мической эффективности. Результаты показывают, что адаптивность, 

подкрепленная прогнозированием на основе данных и внедрением принципов 

устойчивого развития, обеспечивает более эффективное организационное 

принятие решений и долгосрочную устойчивость предприятий.  
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Introduction  

The global textile sector is essential to 

economic activity, creating employment for 

millions and delivering vital materials for 

many consumer and industrial applications. 

However, it is operating in a degraded and in-

creasingly high-stakes environment. From 

market fluctuations to geopolitical tensions to 

environmental compliance to shifting con-

sumer tastes to fast-moving technology, com-

panies face huge uncertainty on multiple di-

mensions [1]. Strategic decision-making has 

become not an option but a challenge in a mar-

ket so complex. Along with predicting 

change, managers need to create adaptive 

paths for navigating, accepting and ultimately 

flourishing in the face of uncertainty. Geogra-

phy matters Due to the complex, global nature 

of the sector, including often long supply 

chains, fragmented regulatory environments, 
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and culture differences, that influence produc-

tion and consumption patterns these challenges 

are accentuated [2]. 

Global textile sector uncertainty encom-

passes not only currency crashes, trade tariffs, 

or volatility in the commodity price market or 

competition, such economic drivers make it es-

sential for managers to work pass that linear 

planning approaches. Instead, strategies should 

consider multiple potential futures, and busi-

nesses must remain nimble in the face of sudden 

change. Textile sector is driven by enterprise-

wide changes in technology and production not 

only automation but innovative fibers and fab-

rics, molecular biology or digitized processes 

and companies have to adapt constantly or rein-

vents its operational strategies [3]. Those who 

can forecast and implement adapting to techno-

logical changes tend to remain efficient and 

profitable in the long term [4].  

The increasing importance of sustainability 

in the textile industry is also crucial. Some con-

sumers and stakeholders also expect businesses 

to reduce any negative impact they have on the 

environment or society, which creates additional 

pressure on companies. Not only are sustainable 

production methods, responsible sourcing of 

raw materials, and reductions in carbon emis-

sions corporate responsibilities, they’re aspects 

that directly influence brand reputation and con-

sumer loyalty. An integral part of any strategic 

decision-making under uncertainty, then, is the 

sustainability dimensions, and how a firm’s ac-

tivities can be in line with changing societal ex-

pectations generally while still providing an ade-

quate return on equity [5, 6]. 

The changing consumer landscape is an-

other area of complexity. Those same scrolls, 

clicks and hashtags mean that the different it-

erations of fashion trends are changing faster 

than ever before, driven by the popularity of e-

commerce and changing cultural norms. This 

kind of fast-paced cycle makes it increasingly 

harder for textile companies to forecast de-

mand accurately. Instead, businesses are now 

required to rely on real-time information and 

predictive analytics to discover new prefer-

ences as they emerge and adjust with custom-

ized merchandise deliverables. Such dynamic 

response capabilities result in better inventory 

management and improve customer satisfac-

tion, which in turn allow firms to build 

stronger, more robust positions in the market-

place [7]. 

Furthermore, textile supply chains are 

global which by itself adds yet another layer 

of uncertainty. Materials can cross multiple 

borders before arriving at the final customer, 

exposing businesses to a variety of disruptions. 

Political upheaval, natural disasters or unex-

pected regulatory changes anywhere along the 

supply chain can have ripple effects that affect 

production schedules, costs and quality. Thus, 

the resilience of supply chains has become a 

major focus for textile companies [8]. Diver-

sifying supply chains and creating more adap-

tive networks can help defend against these 

risks and prevent disruption even if unforesee-

able events occur [9]. 

Sustainability is the other domain of strate-

gic decision-making within the textile compa-

nies. Researchers have studied the effects of 

environmental regulations, social responsibil-

ity initiatives and the changing consumer pref-

erences for sustainable products on long-term 

business strategy. If consider how much more 

reputable a company that engages in sustaina-

bly branded practices than a company that does 

not, studies show that sustainable companies 

also minimize risk associated with regulatory 

lack due to limited resources. As a result, in-

corporating sustainability into decision-mak-

ing frameworks has emerged as an important 

topic of academic literature [12]. 

Strategic decision-making under uncer-

tainty can ultimately be a mix of innovation, 

adaptability, analytical insight. Static forecasts 

and simply relying on historical data will not 

be enough with traditional planning models. 

Companies should incorporate more advanced 

methods, including scenario planning, ma-

chine learning algorithms and real-time market 

intelligence [10, 11]. With the updated risk 

management practice, companies can ensure 

continuity of production, optimize the con-

sumption of resources and protect their posi-

tion on the market [13]. 

The literature emphasizes that in the pres-

ence of uncertainty, it is required to adopt new 

adaptive strategies. It highlights the fact that 

traditional planning methodologies are no 

longer enough, and that textile companies will 
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need to use predictive analytics, scenario plan-

ning and sustainability-oriented frameworks to 

guarantee long-term success in an ever-in-

creasingly complex and unpredictable global 

marketplace [14]. 

Textile managers empowered with ad-

vanced technologies and a deep comprehen-

sion of market dynamics will only be in a bet-

ter position to make the best decisions at every 

layer and ensure an adequate opportunity for 

their businesses to grow against a challenged 

background. This ability not only builds the re-

silience of the organization but also lays the 

groundwork for future growth and leadership 

in the global textile market for the entire route 

from farm to fashion, from sustainable cotton 

supply chain management to global citizen and 

fair-trade brand, as the world becomes one 

global market. 

Methodology 

The methodological approach of this study 

combines quantitative modeling, scenario-

based systems analysis, risk analytics, and 

multi-criteria decision analysis (MCDA) to as-

sess decision-making under uncertainty for 

global textile systems. The methodology is or-

ganized around the following interconnected 

elements: (1) Data Collection and Prepro-

cessing; (2) Uncertainty and Risk Modeling 

(3) Strategic Decision Framework Design; (4) 

Statistical Modeling and Structural Dependen-

cies, and (5) Validation of Decision Models. 

Original data were collected by conducting 

structured interviews and surveys with execu-

tives from 26 multinational textile companies, 

focusing on operational performance, innova-

tion strategies, and dynamics of the supply 

chain. The secondary data encompassed com-

modity pricing as well as market demand indi-

cators and operational throughput obtained 

from global databases such as WTO Trade Sta-

tistics, McKinsey Insights, and Statista. 

Information on raw material prices, pro-

duction quantity, revenue growth rates, and 

unit sale performances in data collected so 

that the structured data set was formed. These 

variables were Z-score normalized as appro-

priate. 

 

𝑍𝑖𝑗 =
𝑋𝑖𝑗−𝜇𝑗

𝜎𝑗
  ,                   (1) 

where 𝑍𝑖𝑗 normalized value of variable 𝑗 in ob-

servation 𝑖; 𝑋𝑖𝑗 original value; 𝜇𝑗 mean of var-

iable 𝑗; 𝜎𝑗 standard deviation of variable 𝑗. 

This preprocessing ensures comparability 

and numerical stability across heterogeneous 

variables [2, 15]. 

Five primary risk domains were operation-

alized: (i) currency exchange rate volatility, 

(ii) geopolitical instability, (iii) technological 

disruption, (iv) natural disasters, and (v) regu-

latory changes [16, 17]. A composite uncer-

tainty index (𝑈𝑐) was developed using a 

weighted aggregation of standardized risk met-

rics: 

 

𝑈𝑐 = ∑ 𝑤𝑘 (
𝑋𝑘−𝑋̅𝑘

𝑠𝑘
)𝑚

𝑘=1  ,             (2) 

 

where 𝑤𝑘 expert-derived weight for risk factor 

𝑘; 𝑋𝑘 value of the risk factor in a given time 

period; 𝑋̅𝑘 mean of risk factor 𝑘; 𝑠𝑘 standard 

deviation of risk factor 𝑘. 
Risk probabilities and impact values were 

converted into a risk exposure matrix 𝑅𝑖𝑗 using 

the product of occurrence probability and 

standard deviation [9,14]: 

 

𝑅𝑖𝑗 = 𝑃𝑖𝑗𝜎𝑖𝑗  ,                   (3) 

 

where 𝑃𝑖𝑗 probability of risk 𝑖 occurring in sce-

nario 𝑗, and 𝜎𝑖𝑗 associated variability of risk 𝑖 

in scenario 𝑗. 
To formalize decision-making under un-

certainty, this study employs a weighted scor-

ing model integrated with a scenario simula-

tion system. The objective function for strate-

gic scenario scoring is modeled as a weighted 

sum multi-objective function: 

 

𝑠𝑘 = ∑ 𝑤𝑖𝑥𝑖𝑘
𝑛
𝑖=1   ,              (4) 

 

where 𝑠𝑘 score of scenarios 𝑘; 𝑤𝑖 weight of de-

cision criterion 𝑖; 𝑥𝑖𝑘 performance score of cri-

terions 𝑖 under scenario 𝑘. 

Scenarios modeled include: Base Case, 

Optimistic, Pessimistic, Balanced, and Con-

servative. Weights were derived using the An-

alytic Hierarchy Process (AHP), and scores for 

key decision pillars such as supply chain relia-

bility (SCR), product innovation (PI), and risk 
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mitigation capability (RM) were obtained from 

empirical managerial evaluations [12, 19, 20]. 

Interdependencies among variables were 

captured through multivariate regression and co-

variance structure modeling [15, 21]. Pair-wise 

relationships such as raw material cost vs. pro-

duction output and demand vs. revenue were 

evaluated using generalized least squares (GLS): 

 

𝑌 = 𝛽0 + ∑ 𝛽𝑖𝑋𝑖 + 𝜀𝑛
𝑖=1  ,          (5) 

 

where 𝑌 dependent variable, such as produc-

tion, revenue; 𝑋𝑖 independent variable 𝑖; 𝛽𝑖 re-

gression coefficient for variable 𝑖; 𝜀 is residual 

error term 

Additionally, a variance inflation factor 

(VIF) was computed to assess multicollinear-

ity across explanatory variables: 

 

𝑉𝐼𝐹𝑗 =
1

1−𝑅𝑗
2  ,              (6) 

 

where 𝑅𝑗
2 coefficient of determination when 𝑋𝑗 

is regressed on other predictors. 

To validate the reliability and generaliza-

bility of the developed models, cross-valida-

tion and stress testing protocols were imple-

mented. Cross-validation followed a k-fold 

(k=10) scheme, while stress testing simulated 

black-swan events such as raw material embar-

goes and political sanctions. Model predictive 

stability was assessed via Root Mean Square 

Error (RMSE) and Mean Absolute Percentage 

Error (MAPE). These validation metrics al-

lowed the models to be stress-tested across 

volatility scenarios, ensuring performance in 

both normal and abnormal states [13, 22]. 

Results 

The scenario modeling process was con-

structed to capture contemplated decision 

strategies performance across variable market 

conditions. Each of the scenarios was a differ-

ent strategic posture from optimistic growth to 

conservative risk aversion. Market stability, 

growth of demand, and risk mitigation were 

weighted based on executive input across the 

three critical dimensions. The cumulative 

scores ultimately summarized performance in 

response to each condition. Decision-making 

performance scores under market scenarios are 

shown in Figure 1.  

 
 

Fig. 1 

 

Optimistic scenario total score: 2.6, best 

total score (strong positive decisions when 

growth and market expansion are expected) 

both the Balanced and the Base Case strategies 

scored 2.4, which again, implies a relatively 

safe activity in case of steady and/or mixed 

conditions. The Conservative scenario, with a 

2.2 score, reflects robust mitigation of risk, but 

reduced flexibility for growth response. The 

most adverse scenario, the Pessimistic ad-

vanced the lowest mark 1.8, which emphasizes 

vulnerability in the evolution of unfavorable 

conditions. These results shown in Figure 1 

highlight the presence and role of demand and 

market responsiveness, when coupled with 

simulations with moderate risk control mech-

anisms. 

Key Risk Metrics (fig. 2) quantifies uncer-

tainty in the external environment by evaluat-

ing the variability and likelihood of disruptive 

events. Five types of risks were assessed: cur-

rency volatility, geopolitical events, supply 

chain disruptions, natural disasters and regula-

tory changes. Fluctuation was captured using 

standard deviation, while probability scores 

represented historical frequency and expert 

opinions of occurrence. 

As show Figure 2, Supply chain disruptions 

had the highest variability (1.10) and a large 

occurrence probability (0.60), suggesting they 

are both prevalent and highly variable. Ex-

change  rate  volatility  was  also  very volatile  

(0.85) and was moderately likely (0.65) which 

highlighted the financial risk associated with 

global operations. Regulatory risks depicted 

moderate variation (0.45) with a probability of 
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0.55. The expected probability of random (ge-

opolitical) events, though not quantified in 

standard deviation here, was high: 0.70. The 

lowest probability was that of natural disasters 

at 0.40. These findings underscore the invest-

ment diversification and financial hedging 

strategies essential. 

  

 

 
Fig. 2 

 

Supply chain resilience was determined 

based on the structure and stability of supplier 

relationships. This metric measures firms' abi-

lity to sustain operations in the face of external 

disruptions. The resilience ratio was the pro-

portion of stable sources in total supplier port-

folios. Supplier strategies evaluated: single-

source, dual-supplier, multiple-source, mixed, 

fully diversified networks. Supply Chain 

Resilience Metrics are shown in Figure 3. 

 

 
Fig. 3 

 

During this task, Diverse Network method 

demonstrated the highest resilience ratio to 

reach 1.0, validating its capability of sustaining 

full supply. Multiple Sources and Mixed Ap-

proaches both received a score of 0.8, both of 

which also emphasize strong redundancy and 

flexibility. The Dual Suppliers strategy yielded 

a mid-level resilience of 0.6, while Single Sup-

plier fared poorly at 0.4, leaving companies 

vulnerable to focused operational risk. Sourc-

ing structures should however be diversified 

and investment in multi-tier supplier relation-
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ships need to be made, particularly for compa-

nies who operate within geopolitically or eco-

nomically unstable areas which is a strong ar-

gument settled in Figure 3. 

Predictive Model Accuracy Scores analysis 

(fig. 4) outlines the performance of various 

forecasting models employed to estimate be-

havior, such as market feedback mechanisms 

as well as supply disruptions and overall oper-

ational efficiency, in conditions of uncertainty. 

The evaluated models spanned a range, in-

cludeing statistical regressions, machine learn-

ing algorithms, hybrid approaches, heuristic 

rules, and scenario-based logic systems. Relia-

bility of the model was evaluated by con-

trasting actual and predicted outputs, with cor-

rectness reflecting the fraction of total fore-

casts.  
 

 
Fig. 4 

 

Machine learning models scored the high-

est with an accuracy score of 0.95, followed 

by two or a hybrid model at 0.92 and the sce-

nario-based forecasts at 0.91 (see Figure 4). At 

0.90, statistical methods held strong, but heu-

ristic models, though less sophisticated, still 

managed to net an impressive 0.88. Scenario-

based models also provide practical value in 

operational planning through the flexibility of 

their simulated extreme conditions. 

 
Fig. 5 

Sustainability Performance Metrics (fig. 5) 

was analyzed by assessing the effectiveness of 

sustainability initiatives in reducing emissions, 

minimizing waste, and improving energy effi-

ciency. Each initiative was evaluated indepe-

ndently, with data representing relative perfor-

mance improvements as percentages.  

The Circular Economy model delivered the 

highest overall impact, achieving 30% in emis-

sion reduction, 25% in energy efficiency, and 

20% in waste reduction. Renewable energy 

also showed a strong dual performance in 

emissions and efficiency gains. Recycling pro-

grams delivered significant waste reduction 

(25%), while Green Logistics showed bal-

anced though moderate returns. Process Opti-

mization achieved uniform improvements 

across all dimensions, though at lower levels. 

These data reinforce the operational and envi-

ronmental value of circular strategies and en-

ergy transitions, suggesting their strategic pri-

ority in textile production under global sustain-

ability mandates. 
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Complex Visualization of Strategic Deci- sion-Making Insights is shown in Figure 6. 
 

 
 

Fig. 6 

 

Discussion 

These findings suggest that decision-mak-

ing effectiveness is significantly dependent on 

the integration of helpful forecasting, supplier 

network diversification, and sustainability-fo-

cused strategies. This comparative scenario 

analysis showed that although optimistic strat-

egies have a much higher growth potential, 

balanced and conservative ways provide more 

resilience in stressful conditions. 

These results are consistent with more gen-

eral theoretical models of decision-making that 

focus on the importance of both data-driven 

models as well as scenario simulation. The in-

clusion of supply chain risk factors in the deci-

sion-making process demonstrates an under-

standing that operational uncertainty, particu-

larly geopolitical instability and input price vol-

atility, must be taken into account in strategic 

planning. Kancs [18]supports this by noting that 

simulation-based modeling is key to improving 

organizational resilience to disruption.  

The modeling applied here which captures 

risk and uncertainty in financial markets was 

contrasted to Mao's model [16], where the ef-

fects of omics discoveries in capital markets 

are explored through the lens of a financial un-

certainty model. Mao emphasized mainly ex-

change rate and liquidity risks, while our 

framework captures a wider range of opera-

tional risks of physical supply networks. This 

distinction is critical within the textile sector, 

where both external shocks and internal ineffi-

ciencies impact the material-to-market pipeline. 

From the perspective of decision theory, 

the discovery aligns with Gambardella and 

Messinese's [20] dual-mode strategic planning 

conceptualization, who argue that there are 

knowledge-based (design mode) and theory-

based (theory mode) structures used for deci-

sion making.  

As for technological integration, the study 

results are in line with previous evidence con-

cerning the potential added value of Industry 

4.0 solutions for improving visibility and con-

trol in textile supply chains. Qiu et al. showed 

how digitally-enabled systems enable firms to 

simulate supply network responses to volatility 

[21]. This resilience index builds on that explo-

ration by quantifying how supplier configura-

tions, from single-source to diversified net-

works, affect operational continuity. This ap-

proach is a response to Çat et al. [17] results, 

determining that many textile companies use 

the traditional method of ANP-based risk as-

sessment yet take a double look at low-cost, 

high-risk suppliers. 

In this study, a significant contribution is 

the focus on sustainability as an essential stra-

tegic axis. The data speak to us in the way that 

initiatives such as circular economy adoption, 

renewable energy integration and green logis-

tics create more than just environmental ben-

efits to improve operational performance. This 

is consistent with the findings of Plakantonaki 

et al. [23] found that the vast majority of sus-

tainable enterprises employ eco-label frame-

works and tend to achieve better market inertia 
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and lower long-term costs after adopting these 

practices.  

Nevertheless, there are several limitations 

that should be recognized. This limitation, ob -

served by Nathan and Harris [15] in their sys-

tems modeling work, suggests the necessity of 

integrating mechanisms for real-time learning 

into decision architectures. Historical sales 

and cost data might not accommodate new var-

iables such as consumer sentiment volatility, 

for example, or disturbance in digital platforms 

or non-price innovation factors — dimensions 

more important in a post-pandemic world 

economy. 

An issue that becomes evident in studies 

like that of Qiu, Mao, and Liu [21] raise alarms 

about inferring causality through correlation in 

non-stationary markets concerning raw mate-

rial price estimation such as for polyester yarn.  

With AI-driven forecasting, there are still 

major concerns around model interpretability 

and ethical transparency. As Lund et al. [22] 

note, the academic community must examine 

how machine-generated decisions may norma-

tively and epistemologically alter complex hu-

man systems.  

From quantifying uncertainty and scoring 

decision scenarios to measuring supply chain 

resilience and linking environmental strategy 

to operational outcomes, the findings provide 

a cohesive view on how to compete and sur-

vive in the face of uncertainty. 

Conclusion 

The study introduces a framework that is 

structured and empirically informed for under-

standing strategic decision making under un-

certainty in the context of the global textile 

business environment. By incorporating sce-

nario-based analysis, risk modeling, and sus-

tainability performance evaluation, the re-

search provides a holistic perspective to assess 

decision effectiveness and organizational re-

sponsiveness. 
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