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As the global textile industry expands, there is increasing scrutiny around ethical
compliance in labour practices, environmental impacts and supply chain govern-
ance. This study is using an analytic framework built to measure ethical perfor-
mance within North America, Europe, Southeast Asia, South America, and Africa
to help to determine these challenges. Data were collected from compliance audits
and certification records, environmental assessments, and HR databases, including
key indicators like labor violations, ratios of certified suppliers, levels of emissions
and audit frequencies. The methodology was based on descriptive statistics, infer-
ential testing and logistic regression modeling to identify compliance patterns and
predictors of ethical risk in this field. Scenario analysis also examined the impact of
intervention, including wage increases, environmental regulations and audit ex-
pansion. The results reveal considerable regional roundup in ethical performance,
with Europe and North America overall performing higher than Southeast Asia
and Africa on labor and environmental dimensions. High levels of compliance were
found with a high proportion of certified suppliers and a high audit frequency. In-
tegrated interventions were found to be more effective than isolated measures, par-
ticularly in regions with low baseline compliance.
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Ilo mepe ycunenus enobanuzayuu 6 meKCmMuabHOU UHOYCMPUU YCUITUBACHICA
6HUMAHUE K 60NPOCAM ee IMUUECKO20 COOMEEmCmaus 6 chepe mpyooevix npax-
MUK, 6030€liCMEUs HA OKPYIHCAIOULYIO CPEOy U YNPAGAeHUA UeNnOYKAMU NOCHABOK.
Hacmosawee uccneoosanue 6knrouaem OyeHKy IMuiecko2o0 cOOnMEemcmeus mekK-
CHMUTIbHBIX BPeonpuaAmuil, pacnonoxcennvix ¢ pecuonax Ceeepnou Amepuxu, Ee-
ponbwt, FO20-Bocmounoit A3uu, FOsxcnon Amepuku u Agppuxu, c yenvio eviaenenusn
K/1104€e6blX 6b130606. /lanHble 0bl1u COOPAHbL HA OCHOGE PE3YIbMmamoé ayouma co-
omeemcmeus u cepmupuKamos, IKO102u4ecKux OUeHoK u 6a3 OaHHbIX nO MpPyoo-
6bIM pecypcam, 6Ki04an maKkue noKazamenu, KaK codiio0enue mpyoogo2o 3aKoHo-
oamenbcmea, 001 CepMUPUUUPOBAHHBIX ROCMABULUKO8, YPOBEHb 6bLOPOCOE U Ya-
cmoma npoeepokx.

Memooonocua uccinedosanusn 6KIOUAEemM ORUCAMETbHYIO CHAMUCMUKY, Me-
moo0bl NPOGEPOK CMAMUCMUYECKUX 2UnOme3 U JI02UCHUYECKYIO pecpeccuio,
HANPAGNEHHYI0 HA 6blAG/IeHUE 3AKOHOMEPHOCHEN CcoON0eHus mpedosanuil u
taxkmopoe ymuuecxkozo pucka. B pamkax cyenapnozo ananuza makyce oueHuea-
J10Ch GIUAHUE DPA3IUYHBIX 6030€lCMEUll, MAKUX KAK NoebluieHue 3apadomuoil
naamul, IKO102UYECKOE Pe2yIuposanue u 4yacmoma ayouma.

Pe3ynomamut demoncmpupyrom 3HayumesnbHvle pPeZUOHATbHbBIE PA3IUYUA 6
yposHe ymuyeckozo coomeemcmeusn: Eepona u Ceeepnas Amepurka demoncmpu-
Pyiom bo71ee 8bicoKue NOKA3ameau no mpyoosvim U IKO102UUeCKUM KDUMEPUAM RO
cpasnenuro ¢ F0z0-Bocmounon Azueii u Agppukoit. Bvicokuii ypoeensv coomeem-
Cmeus 6vlA6/1eH npu 60AbUION 00J1e CePMUPUUUPOBAHHBIX NOCMABUIUKOE U 3HA-
YumenvHoOUl Yacmome ayouma. Ycmanoeneno, Yymo KOMNIEKCHble 6030€eliCmeust
oKaszanucs 6onee IPphekmusnvimu, yem U30JAUPOBAHHBLE MEPbL, 0COOEHHO 8 pecuo-
HAX C HU3KUM UCXOOHBIM YPOGHEM COO1I00eHU HOPMAMUBOE.

Keywords: textile supply chains; labor compliance; environmental sustaina-
bility; audit frequency; certification standards; ethical governance.

KiroueBble ¢j10Ba: HeNOYKH MOCTABOK TEKCTWIISA, COOJIIOIEHHE HOPM TPY/10-
BOr'0 MpPaBa, IKOJIOrHYecKasi yCTOHYMBOCTh, NEPUOANYHOCTDH AYIUTOPCKHUX MPO-
BEPOK, CTaHAAPThI cepTUPUKALNHU, ITHUYECKOE PETyTHPOBAHNE.

Introduction

Textile & apparel companies operate in a
complex web of supply chains that cross con-
tinents, from the production of raw materials
through the complicated processes of garment
production and distribution. This economy
has global characteristics, which has resulted
in glaring economic growth, the emergence of
hundreds of millions of jobs, as well as the fast
innovation of the developing countries. It is ac-
companied by a plethora of challenges, espe-
cially those relating to the ethics. When textile
companies establish themselves in various ter-
ritories, they usually experience divergent reg-
ulatory frameworks, disparate social norms,
various degrees of social and environmental
consciousness. One such example is that this
can cause ethical dilemmas which may or may

not be dealt with, resulting the industry’s rep-
utation and the sustainability initiatives [1].
There are tensions between cost efficiency
and the responsible practice of business, which
is a key characteristic of so many of the ethical
issues facing the global textile industry. Com-
panies are looking for cheap labor in markets
where environmental regulations are weak and
there is little oversight. This can lead to an en-
vironment that is at odds with accepted global
norms of freedom of labour and wages, pre-
vention of unsafe working conditions and com-
prehensive environmental protection. In par-
ticular, research in this area highlights the chal-
lenges of ensuring ethical labor practices when
operations span multiple jurisdictions, each
with its own legal and cultural frameworks [9].
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Furthermore, consumers and advocates in-
dustries are demanding that textile companies
respond to the increasing public scrutiny that is
putting pressure on them. Market participation
subsequently became more wary and many
market participants started to review their ac-
tivities on a global level with a particular focus
on the ethical principles and the sustainable
practices as a major factor [2, 10].

The textile supply chains are highly frag-
mented on a global basis. The design of a sup-
ply chain is almost by definition a complex hi-
erarchy of suppliers, subcontractors, raw mate-
rials providers, et cetera, each of them poten-
tially governed by different jurisdictional and
regulatory requirements [3]. This fragmenta-
tion often creates a vague landscape in terms
of product visibility, with brands often unable
to associate their products to their source and
assure product compliance in all stages [4].
Therefore, even that well-meaning companies
can be complicit, though somewhat unwit-
tingly, in exploitative labor practices or envi-
ronmentally destructive processes, or in inade-
quate oversight from far reaches of their sup-
ply chains. As a result, firms are liable to rep-
utational harm as well, and it proves difficult
to implement meaningful reform [5].

In fact, the textile industry is among the
greatest pollutant generators for materials pro-
duction processes that have great greenhouse
gas emissions, release water contamination
and generate waste. Companies often have to
provide low-cost prices because they depend
on unsustainable practices in the suppleness of
using nonrenewable resources, dumping unfil-
tered effluent, and using non degradable, syn-
thetic materials. Both local ecosystems and the
health of the environment at large are affected
[6]. The literature is also clear on the role of
consumers and advocacy in pushing toward
more sustainable practices, but it notes in the
same line that progress is in flux across mar-
ket segments and regions [11].

Labor rights constitute another pressing
ethical issue with respect to the global textile
industry. The cost reduction search has caused
companies to move production to countries
with poor or nonexistent labor protection.
They include reports of poor working condi-
tions, long working hours, child labor and un-

derpayment. Some of the businesses are adopt-
ing codes of conduct as well as 3rd party au-
dits, however the rest of the companies have
been slow to this issue. This lack of coherence
and of shared vision about the industry leads to
its lashing regarding its acts upon the people
working for it and its production and its mak-
ing of inequalities [7].

Modern global supply chains do not har-
monize well with present international trade
agreements and labor standards. However,
when it comes to creating an ethical supply
chain from the beginning to the end, textile
companies are faced with a patch work of the
different local laws and international guide-
lines, leading sometimes into ambiguity and
lack of enforcement. The aforementioned reg-
ulatory complexity is a substantial impediment
for companies who desire and need to exert a
consistent ethical standard in an all too price
sensitive market [8]. Recommendations to en-
hance transparency and accountability include
third-party audits, blockchain adoption, and
more engagement between stakeholders and
other relevant actors [12].

The convergence of research priorities in-
dicates the necessity of a multi-point strategy,
including regulatory reform, technological in-
novation, consumer-driven advocacy, and in-
dustry-wide collaboration to address the ethi-
cal challenges linked to the expansion of
global textile business [13].

This study aims to critically assess the eth-
ical issues that arise from the growth of textile
business into the global market. It wants to
highlight pragmatic strategies that could be
adopted by relevant industries (corporate lead-
ers, policy makers and consumers) in assisting
the establishment of a more ethical and sus-
tainable global textile industry.

Methodology

The research methodology includes several
layers of data collection, high subsets of data fre-
quency, multi-variable predictive modeling, and
advanced statistical inference to identify adher-
ence to labor laws, responsible environmental
practices, and supply chain transparency in the
textile industry. The research design is planned
to capture systemic and firm-level patterns in
countries with varying levels of regulation and
socio-economic development [2, 7, 14].
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To capture a holistic view of ethical chal-
lenges in textile business expansion, this study
employs a structured multivariate dataset as-
sembled from five distinct types of sources:

Global compliance audit repositories (Amfori BSCI, WRAP),

Certification databases (GOTS, OEKO-TEX),
A A S S S A

Environmental impact disclosures,
A L L S L L L

Internal HR systems of selected textile manufacturers,
AR A S L S S A

Field-validated labor surveys.
A L L L S L S

Data was gathered at fixed intervals—ei-
ther biannually (for rapidly changing metrics
like labor violations and supplier certifica-
tions) or annually (for more stable variables
such as environmental emissions and wage
compliance), consistent with empirical prece-
dents in sustainability research [6, 8, 15].

To ensure the generalizability of findings,
the sampling strategy followed a stratified ran-
dom approach, allocating proportional repre-

sentation to each of the regions: North Amer-
ica, Europe, Southeast Asia, South America,
Africa.

The sample size n for each regional cluster
was calculated using the standard error-bound
formulation derived from binomial approxima-
tion:

2.9 (1=-
n==2 pEgl p) ’ (1)
where Z is the Z-score for a 95% confidence
level (1.96), p is the assumed compliance
probability (pre-survey estimation), E is the
margin of error (set at 5%).

In scenarios requiring finite population cor-
rection due to limited supplier count (N <
10,000), the adjusted size becomes:

Naaj = ﬁ 2

N

This guarantees that collected metrics, such
as turnover rates, carbon emissions, or audit
participation ratios are statistically representa-
tive and temporally consistent.

Table 1l
Metric Label Definition Data Source Frequency| Geographic Scope
Labor Violations Instances of reported workplace miscon- | BSCI, WRAP audit | . . .
. Biannual |All supplier countries
Reported duct or legal noncompliance logs
Certified Input Percentage of suppliers using certified |OEKO-TEX, GOTS,| . Tier-1, Tier-2
; : Biannual .
Usage (%) raw materials Bluesign® suppliers
Facility CO: Estimated total annual CO-e emissions Corporate ESG Major production
L . . - Annual A
Emissions (metric tons) from manufacturing units reports facilities
Wage Compliance | Share of workers receiving at least local | Labor NGO survey Annual Global
Rate (%) statutory or ILO-compliant wages records
Annual Turnover |Percentage of employees voluntarily or in- Internal HR Top 100 textile
. : Annual
Rate (%) voluntarily leaving annually databases manufacturers

The collected data were analyzed using a
combination of parametric inference and
multivariate transformation models, chosen
to support robust comparisons across region-
ally differentiated data distributions. Visuali-
zation of data distributions was implemented
using box plots and violin density graphs to

identify outliers and asymmetries across re-
gions, in line with Filho et al. [15] and
Hauschild & Coll [12].

To estimate the probability of ethical non-
compliance, a binary logistic regression model
was constructed, mapping categorical out-
comes against explanatory variables:

logit(P;) = log (11_3_;,1,) = Bo + B1X1i + B2 X2 + B3Xs; 3

where P; probability that supplier i is ethically
compliant, X;; average wage at supplier i, X,;

environmental performance score, X5; propor-
tion of certified input use.
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The model’s goodness of fit was evaluated
using:

e Hosmer-Lemeshow Test: y2-based
test for logistic regression calibration,

e Receiver Operating Characteristic
(ROC) curve:

AUC = [ TPR(FTR™'(x))dx.  (4)

A holdout validation set (20% of the full
dataset) was used to prevent overfitting. Pre-
dictive power was judged via sensitivity (true
positive rate), specificity (true negative rate),
and area under curve (AUC), consistent with
algorithmic validation approaches described
by Anley et al. [16].

To simulate the effect of regulatory and
policy interventions on ethical compliance, the
validated model was subjected to several hy-
pothetical but realistic scenarios (fig. 1).

1. A statutory
10% wage
increase,

Fig. 1

The expected effect on compliance proba-
bility P/ was derived by modifying input vari-
ables in the logistic regression equation and
computing the resulting change:

Apizpi,_Pi' (5)

These controlled simulations allowed poli-
cymakers to infer the marginal effectiveness of
targeted strategies without needing field im-
plementation. Scenario architecture followed

documented decision modeling techniques in
sustainable development literature [17...19].

Results

Fig. 2 assesses the extent to which suppli-
ers in each of five regions follow international
standards for fair wages and safe working con-
ditions. The Labor Compliance Index (LCI)
combines these twin pillars of ethical employ-
ment into a single metric, allowing quantifia-
ble comparison between regions. LCI scores
are a proxy for government regulation enforce-
ment, local institutional capacity, and firm-
level labor standards accountability.
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Fig. 2

The data in Figure 2 show a dramatic re-
gional split in labor compliance. The strongest
LClI scores are recorded for North America and
Europe (90.5% and 86.5%, respectively),
which reflects the stronger status of wage en-
forcement and occupational safety systems. In
contrast, Southeast Asia (62.5%) and Africa
(56.5%) have lower LCI scores, which may
reflect less regulatory control or weaker imple-
mentation mechanisms. South America is mar-
ginally better at 67.5%, but is also behind de-
veloped areas. Higher variation in compliance
Is evident in developing regions, particularly
for Africa where low consistency of enforce-
ment may indicate a fragmented oversight en-
vironment or structural vulnerabilities in the
labor market. The results highlight persistent
inequalities in ethics of global labor.

The fig. 3 compares baseline and actual
CO:ze emissions across regions and percentage
of suppliers employing certified green inputs.
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With a 33.8% emission reduction rate dom-
inated by regulatory initiatives, Europe (80%
certified inputs) appears to be leading the tran-
sition. North America remains 20% less sup-
ply-constrained (and the one region fitting its
75% certified supplier score). On the other
hand, areas such as Southeast Asia and Africa
reflect low reduction percentages of 8.3% and
6.5%, which also correspond with low certifi-
cation percentages of 40% and 35%, respec-
tively. South America’s paltry 10.3% decline
coincides with 45% supplier certification.
These trends indicate a direct relationship be-
tween certification penetration and emissions
control. Reaching environmental sustainability
targets is deficient in regions with minimal
certified input infrastructure.
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Fig. 4

Transparency in the supply chain focuses
on two key indicators: the percentage of certi-
fied suppliers and the share of suppliers that
were last audited by a third party in the previ-
ous year. A composite Transparency Score

(TS) for regions is shown in fig. 4. Higher TS
indicates more auditable levels of the supply
chain and equivocal subcontractor decisions,
decreasing the risk for unbounded violations.

Europe achieves the highest score in terms
of transparency (80%), followed closely by
North America (75%), both identified as high-
certification (and biannual auditing) regions.
There is even wider reporting disparity in
Southeast Asia (40%) and Africa (35%), which
Is attributable both to limited certification and
infrequent audits. South America slightly bet-
ter on transparency (45.0%) but again well off
the pace of leading regions. These findings
suggest that the use and frequency of such
third-party verification mechanisms is signifi-
cant for operational transparency. The data fur-
ther illustrate the need for improved audit prac-
tices and for supplier training in areas where
transparency infrastructures are currently lack-
ing.

Fig. 5 assesses the effect of post-audit
compliance when the frequency of third-party
audit is changed from monthly to annual.

L . L L L L L L "
10 20 30 40 50 60 70 80 90
Compliance Metrics (%)

Fig. 5

The greatest compliance gain (12.5%) oc-
curs with quarterly audits, followed closely by
monthly and biannual audits (12.2% and
11.8% respectively) Annual audits show slight
gains (an average improvement of 11.7%) and
no change for firms with no audit. These data
confirm that higher auditing frequency is posi-
tively related to better compliance. The mar-
ginal difference in quarterly and monthly au-
dits in many ways suggests diminishing returns
beyond a frequency. As such, similarly bian-
nual or quarterly auditing may demonstrate

Ne 3 (417) TEXHOJIOI'MSI TEKCTUJIBHOM ITPOMBIIIJIEHHOCTH 2025 315



firms’ optimal compliance strategy at a nomi-
nal, most likely third-world, cost, especially in
developing textile regions.

Fig. 6 investigates the combined impact of
three strategic initiatives: increased wage,

higher environmental compliance require-
ments, and frequent audits. The composite im-
provement is assessed utilizing the Opera-
tional Improvement Index (Oll), derived from
that compliance at baseline vs the OII post-in-
tervention values.
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Two regions showed the greatest improve-
ments—Africa (23.3%) and Southeast Asia
(20%) also benefiting the most from com-
bined interventions. With a 17.6% increase,
South America came next, and Europe and
North America demonstrated lesser increases
0f 10.3% and 11.8%, respectively, which could
be attributed to already higher baseline com-
pliance. These results demonstrate the ad-
vantages of coordinated policies across multi-
ple domains, particularly for regions with low
initial adherence. They also suggest diminish-
ing returns in highly regulated environments,
confirming the need for more specialized inter-
vention strategies across various developmen-
tal contexts.

Discussion

These studies show the complicated rela-
tionships between ethical, environmental and
supply chain influences on global business
practices in textiles. Such a comprehensive
view provides a deeper understanding in how
different interventions interplay to produce
measurable outcomes.

One of the most striking observations is
the disparity in levels of compliance and envi-
ronmental performance among different areas.

316

Fig. 6

Southeast Asia and Africa trail behind, largely
as a result of lower regulatory oversight and
access to certified supply chain partners. These
disparities align with trends seen in previous
research that highlights regulatory loopholes
and erratic enforcement as key stumbling
blocks to ethical practice [19, 20].

Another significant result is the importance
of supply chain transparency. Previous anal-
yses often pointed to transparency as an ideal,
but provided little quantitative evidence of its
direct effect. This correlation between trans-
parency and compliance aligns with best prac-
tices in the industry that highlight the signifi-
cance of traceability and certifications from
third-party agencies [21].

The environmental data it provided also
echo previous reports issuing stark warning
on the fashion industry’s extensive environ-
mental footprint [22]. This analysis uses data
to demonstrate that emissions can be materi-
ally lowered through targeted interventions,
like stricter environmental standards and the
use of certified materials. This framing bol-
sters the case for combining sustainability
with functionality and impact.
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Study [23] showed that “audits,” too, im-
prove compliance but provided less detail
about how often audits should be conducted.
The findings here suggest that compliance
rates are much, much higher depending on
whether a service provides quarterly audits
compared with whether the service provides an
annual or less frequent audit.

The cumulative impact of multiple inter-
ventions, such as wage increases, stricter envi-
ronmental policies, and expanded auditing,
shows the value of a comprehensive approach.
Study [24] looked at these factors separately,
but this one reveals the best results come when
they are combined. The integrated approach
supports the argument that a multi-faceted so-
lution is necessary to overcome ethical chal-
lenges within the textile industry rather than a
reactive response from one isolated group.

Conclusion

The study has illustrated how ethical per-
formance is neither homogenous nor stagnant
across the textile sector, but is closely con-
nected to localized conditions, accreditation
practices, auditing occurrences and institu-
tional capacities.

Scenario simulations confirm that isolated
policy interventions, while helpful, have less
impact than bundled strategies that combine
economic, environmental and procedural re-
forms. Our finding that compliance improves
dramatically when minimum wage adjust-
ments, emissions regulation, and frequent au-
diting are all introduced simultaneously pro-
vides direct evidence in support of applying
multi-tiered governance approaches.
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