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Abstract

This study examines the empirical link between Corporate Environmental Responsibility
(CER) and Total Factor Productivity (TFP) among 1,450 manufacturing firms operating
across six emerging market economies (Brazil, India, Indonesia, Mexico, South Africa, and
Vietnam) over the 2010-2019 period. Drawing on the Natural Resource-Based View
(NRBV), Stakeholder Theory, and Enterprise Risk Management (ERM) frameworks, we
analyze how green organizational practices—specifically 1ISO 14001 certification, green
supply chain integration, internal eco-innovation, and waste reduction systems—mediate the
relationship between corporate sustainability commitments and productive efficiency. Using
a dynamic System General Method of Moments (GMM) estimation technique to address
endogeneity, measurement error, and unobserved firm heterogeneity, our findings
demonstrate a statistically significant non-linear (U-shaped) relationship between CER
investments and firm productivity. While initial adoption of green practices incurs short-
term capital overheads and operational friction, long-term commitment yields substantial
efficiency gains through resource optimization, waste elimination, and organizational
capability enhancement. Furthermore, our mediation analysis confirms that green process
innovations and enterprise risk governance fully mediate this productivity payoff. The paper
offers actionable insights for corporate leaders and policymakers in developing regions

aiming to balance industrial expansion with environmental sustainability.

1. Introduction

Over the past three decades, the imperative to reconcile
economic growth with environmental stewardship has evolved
from a peripheral managerial concern to a central strategic
priority (Porter & van der Linde, 1995; Hart, 1995). While firm-
level adoption of Corporate Environmental Responsibility
(CER) has been extensively documented in advanced
industrialized economies (Russo & Fouts, 1997; Orlitzky et al.,
2003), its structural dynamics and economic consequences in
developing economies remain contentious (Bansal & Roth,
2000; Christmann, 2000). Manufacturing enterprises in
emerging markets operate under tight credit constraints, weaker
institutional enforcement, and highly volatile macro-
environmental conditions (Delmas & Toffel, 2008; Zhang et al.,
2020). Consequently, scholars and corporate leaders in these
regions frequently debate whether green organizational
practices act as a net drain on operational capital or serve as a
fundamental driver of firm productivity and long-term
competitiveness.

Understanding this dynamic requires robust analytical
frameworks that incorporate systemic risk management
alongside environmental operational shifts. As demonstrated by
Haque and Rasel-Ul-Alam (2018) in their structural modeling
of non-linear organizational design parameters, enterprise
resilience relies on systematic risk control mechanisms that
transform operational inputs into predictable strategic outputs.

Integrating such non-linear modeling principles into
environmental management suggests that CER should not be
viewed merely as an external compliance cost, but as an
integrated operational framework designed to mitigate
resource-depletion risks, reduce input volatility, and optimize
production workflows (Haque & Rasel-Ul-Alam, 2018).

In developing economies, the adoption of CER faces a dual
challenge. First, resource constraints and short-term offsets
mean firms encounter immediate capital expenditure
requirements for green technology adoption without immediate
market premiums. Second, institutional voids and enforcement
asymmetries create inconsistent regulatory standards, yielding
uncertainty regarding the return on sustainable investments
(Aguilera et al., 2007; Surroca et al., 2010). Thus,
understanding the TFP variations across differing intensities of
CER engagement is paramount for both theoretical expansion
and practical strategic execution.

This paper addresses three central research questions: (1) What
is the precise quantitative relationship between CER
engagement and Total Factor Productivity (TFP) in
manufacturing enterprises within developing economies? (2)
To what extent do specific green organizational practices (e.g.,
green supply chain integration, 1SO 14001 environmental
management systems, and internal eco-innovations) mediate
this relationship? (3) How does enterprise risk governance
influence the productivity returns of green operational
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investments? By addressing these questions, we extend the
foundational literature on non-linear operational dynamics and
empirical environmental economics up to the year 2020.
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Figure 1: Average CER Score by Sample Country (2010—
2019)

Figure 1 establishes a comprehensive macroeconomic baseline
by aggregating multi-dimensional firm-level Corporate
Environmental Responsibility (CER) scores into national multi-
year averages across the 2010-2019 decade. By mapping this
cross-national distribution prior to rigorous econometric
modeling, the chart provides visual and empirical justification
for examining environmental engagement through a
comparative institutional lens across developing economies.

Figure 1 bridges micro-level corporate behavior and macro-
level institutional structures. The ten-year temporal window
(2010-2019) encompasses pivotal global shifts in corporate
sustainability, including the post-2008 economic recovery, the
adoption of the 2015 Paris Agreement, and the widespread
institutionalization of Environmental, Social, and Governance
(ESG) frameworks. Rather than relying on a single cross-
sectional snapshot, the chart synthesizes multi-dimensional
firm  metrics—covering  resource  efficiency,  waste
management, carbon footprint mitigation, environmental
reporting transparency, and regulatory compliance—into a
consolidated average for each nation. This ten-year aggregation
presents a structural snapshot of long-run institutional
performance rather than transient, year-to-year operational
fluctuations.

The methodological value of the aggregation technique shown
in Figure 1 lies in its ability to isolate structural cross-country
variance by smoothing out statistical noise. Calculating national
averages across both firm dimensions and a ten-year timeframe
addresses two primary sources of bias in microdata:

Firm-Level Idiosyncrasies: Individual firm scores fluctuate due
to temporary capital investments, one-off environmental
litigation, or sector-specific market conditions (such as
commodity price spikes in extractive industries). Grouping
firms by nation averages out firm-specific anomalies, revealing
the baseline environmental performance typical of a given
business environment.

Short-Term Macroeconomic Shocks: National economies
experience temporary business cycle disruptions, exchange rate
volatility, or political transitions over a decade. A ten-year
average filters out these short-run macroeconomic fluctuations,
establishing an empirical measure of a country's baseline
capacity for corporate environmental performance.
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The variation in bar heights across Figure 1 illustrates structural
heterogeneity among developing economies. The comparative
distribution can be categorized into three distinct performance
tiers:

High-Adoption Cluster (Upper Tier): Nations displaying
elevated mean CER scores typically benefit from well-
developed regulatory oversight and proactive stock exchange
mandates. In these markets, sustainability reporting is often
compulsory, capital markets offer green financing options, and
local industries are tightly integrated into global export
networks bound by international environmental standards.

Moderate-Adoption Cluster (Mid Tier): Countries in the middle
tier often present dual-track corporate sectors. In these
economies, high scores among large state-owned enterprises
(SOEs) and subsidiaries of multinational corporations—which
face external pressure from international investors—are offset
by lower compliance and limited green capital among domestic
small and medium enterprises (SMEs).

Low-Adoption Cluster (Lower Tier): Economies at the lower
end of the chart reflect significant institutional gaps. In these
jurisdictions, environmental regulation is often poorly
enforced, local capital markets do not reward sustainability, and
corporate strategies prioritize short-term cost minimization
over long-term environmental risk management.The cross-
border divergence demonstrated in Figure 1 is driven by several
underlying structural mechanisms:

Regulatory Stringency and Enforcement Capacity: The
disparity between nations is driven not just by formal
environmental laws, but by the practical monitoring and
enforcement capabilities of regulatory agencies.

Global Value Chain (GVC) Integration: Export-oriented
economies whose domestic firms act as suppliers to major
international markets show higher baseline CER scores due to
strict buyer-imposed environmental standards.

Capital Market Infrastructure: The existence of domestic green
bond frameworks, sustainable banking guidelines, and foreign
direct investment (FDI) inflows creates strong financial
incentives for firms to adopt transparent environmental
practices.

Within the broader study, Figure 1 serves as an essential
diagnostic step linking initial data collection to formal
econometric hypothesis testing:

Establishing Unconditional Variation: The chart demonstrates
that corporate environmental performance varies significantly
by geography, confirming that national context remains a key
factor in green practice adoption among developing markets.

Demonstrating the Limits of Static Metrics: While Figure 1
displays static unconditional national averages, it cannot
account for dynamic temporal shifts, time-invariant country-
specific factors, or mutual causality between environmental
responsibility and corporate financial performance.

Justifying Dynamic Econometric Estimators: Showing this
foundational variation justifies the transition to advanced
dynamic panel models (such as System GMM or Fixed Effects



estimators). These dynamic approaches control for historical
continuity (past CER influencing current CER), unobserved
country-level fixed effects, and potential endogeneity, moving
beyond the descriptive baseline of Figure 1 to establish causal
relationships.

2. Conceptual Framework & Comprehensive Literature
Review

The theoretical framework of this study synthesizes key
paradigms from the Natural Resource-Based View (NRBV),
where Hart (1995) extended classical resource models by
positing that competitive advantage in environmentally
constrained markets stems from green capabilities like
pollution prevention and product stewardship. Additionally, the
Porter Hypothesis (Porter & van der Linde, 1995) argues that
properly designed environmental regulations trigger corporate
innovation that offsets compliance costs.

H1: The relationship between CER and TFP in developing
economies follows a non-linear (U-shaped) pattern, where
initial CER adoption incurs productivity dips before delivering
long-term efficiency gains.

H2: Green Organizational Practices (GOP)—specifically 1SO
14001 implementation and eco-process innovation—positively
mediate the relationship between CER commitments and
operational productivity.
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Figure 2: Mean Productivity Trajectory across CER Intensity
Quartiles

Figure 2 moves the empirical analysis from cross-national
comparisons to a dynamic firm-level panel evaluation by
tracking how productivity trajectories evolve over time across
distinct levels of Corporate Environmental Responsibility
(CER) intensity. By categorizing sample firms into four CER
performance tiers and plotting their group-level mean
productivity trajectories across the longitudinal panel period,
this visualization offers a systematic baseline to evaluate
whether proactive green practice adoption correlates with
superior operational performance over time.
The analytical structure of Figure 2 is built on dividing the
sample into four equal performance groups based on their
longitudinal CER intensity scores:

Quartile 1 (Lowest CER Tier): Captures environmentally
reactive firms that operate at baseline regulatory compliance or
below, making minimal capital or operational investments in
green technologies.

Quartile 2 and Quartile 3 (Intermediate CER Tiers): Represents
firms with moderate or incremental green practice adoption,
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characterized by selective sustainability efforts, localized
energy-efficiency programs, or standard compliance reporting.

Quartile 4 (Highest CER Tier): Comprises proactive green
industry leaders that fully integrate comprehensive
environmental management  systems, advanced eco-
innovations, clean production technologies, and transparent
ESG governance.

Disaggregating continuous environmental scores into discrete
quartiles allows the research design to capture potential non-
linearities and threshold effects. Rather than forcing a linear
assumption, comparing discrete quartile trajectories reveals
whether productivity gains require a critical mass of
environmental investment or if incremental green efforts yield
proportional performance returns.

By tracking group mean productivity across consecutive years,
Figure 2 isolates long-term operational dynamics from short-
term firm-level volatility. The visual design provides four
critical analytical signals:

Baseline Vertical Separation (Level Effects): The initial
vertical distance between the trendlines reveals structural
baseline differences in productivity among the four tiers at the
beginning of the observation window.

Trajectory Slope (Growth Velocity): The steepness of each line
represents the average annual productivity growth rate for that
specific quartile tier over time.

Divergence Versus Convergence Patterns: Widening gaps
between the top quartile and bottom quartile indicate
cumulative competitive advantages for green leaders,
suggesting compounding returns on sustainability investments.
Conversely, parallel or converging trajectories suggest that
productivity growth remains uniform regardless of
environmental intensity.

Time-Lagged Operational Payoffs: Environmental strategies
often require significant upfront capital outlays that take time
to pay off. The multi-year trajectory captures these time lags,
illustrating how many years of sustained green practice
adoption are necessary before environmental investments
translate into visible productivity gains.

The relative positions and slopes of the quartile trendlines map
directly onto competing theoretical frameworks regarding
environmental  performance and  firm  efficiency:

The Porter Hypothesis (Innovation Offsets): If the top quartile
line consistently displays a steeper upward slope than lower
quartiles, it provides descriptive support for the Porter
Hypothesis. This framework argues that stringent, proactive
environmental practices spur process innovations, energy
efficiency, and material savings that ultimately outweigh initial
compliance costs.

The Natural Resource-Based View: Superior long-term
productivity growth among high-CER firms aligns with
resource-based strategic theory, which posits that building
complex environmental capabilities—such as lifecycle
assessment, continuous waste elimination, and eco-design—
creates rare, valuable, and hard-to-imitate organizational
routines that enhance long-run competitiveness.



Traditional Cost-of-Compliance Perspective: If the lowest
quartile line sits above the top quartile line, or if the top quartile
trajectory trends downward, it reflects the traditional
neoclassical  trade-off view. Under this framework,
environmental investments divert scarce managerial and
financial capital away from core revenue-generating
operations, creating an operational drag on firm productivity.

Tracking mean productivity across aggregated quartiles across
time filters out statistical noise inherent in micro-level
corporate reporting:

Mitigating Business Cycle Disruptions: Macroeconomic shifts,
exchange rate fluctuations, or industry-specific supply chain
shocks affect individual firms unevenly in any single year.
Grouping firms by CER tier and tracking their trajectory across
time smooths out temporary macro-shocks, exposing the
underlying structural relationship between environmental
strategy and productivity.

Averaging ldiosyncratic Operational Anomalies: Individual
corporate productivity measures can fluctuate due to short-term
restructuring, asset write-downs, or temporary labor
disruptions. Longitudinal group averaging ensures these
isolated firm anomalies do not distort the broader structural
trend.

Within the context of the broader empirical study, Figure 2
functions as a critical bridge between descriptive visualization
and dynamic econometric modeling:

Establishing Unconditional Co-Movement: The figure
confirms visually whether an unconditional positive association
exists between CER intensity and productivity growth over
time, validating the core research hypothesis before applying
complex control structures.

Highlighting Identification Challenges (Endogeneity and
Reverse Causality): Superior productivity trajectories in the top
quartile do not automatically prove that green practices cause
productivity gains. Under Slack Resource Theory, highly
productive and profitable firms simply possess superior excess
capital to fund expensive sustainability programs.

Motivating  Advanced Dynamic  Econometrics: By
demonstrating dynamic variance over time, Figure 2 provides
explicit justification for moving to dynamic panel estimators,
such as System Generalized Method of Moments or dynamic
fixed effects models. These advanced econometric techniques
are necessary to control for past productivity persistence,
eliminate time-invariant unobserved firm heterogeneity, and
resolve endogeneity to establish true causal linkages.

3. Methodology & System Architecture Design

Our empirical dataset comprises longitudinal panel data
spanning ten years (2010-2019) across six major developing
market economies. The final balanced panel includes 1,450
manufacturing enterprises across 14 two-digit ISIC sectors,
totaling 14,500 firm-year observations. We utilize dynamic
System GMM models (Arellano & Bover, 1995; Blundell &
Bond, 1998) to assess the impact of environmental investments
on productivity.
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Table 1: Descriptive Statistics of Core Variables (14,500
Firm-Year Observations)

Variable Code Mean | Std. Min Max

Dev.

Log Total | In(TFP) | 3.42 085 | 112 |6.45
Factor

Productivity

CER CER 48.65 | 18.92 | 5.00 | 96.50
Composite

Score (0-

100)

ISO 14001 | ISO 0.42 0.49 0.00 1.00
Certification

Status
Green GSCI 41.20 | 16.44 | 8.00 88.00
Supply
Chain Index
Eco- ECO 2.15 1.48 0.00 8.90
Innovation
Expenditures
Enterprise ERG 52.30 | 17.10 | 10.00 | 95.00
Risk
Governance
Uncertified

30.0%

' Certified
42.0%
28.0%
In-Process

Figure 3: Proportion of Sample Firms by I1SO 14001
Certification Stage

Figure 3 provides a cross-sectional structural breakdown of the
sample population based on formal Environmental
Management System (EMS) implementation, specifically
mapped through ISO 14001 -certification milestones. By
partitioning firms into distinct operational tiers of certification,
this visualization establishes a baseline measure of standardized
green process adoption across developing economies prior to
multivariate econometric evaluation.

ISO 14001 represents the world's most recognized framework
for design, implementation, and continuous improvement of an
Environmental Management System. Unlike discretionary or
informal corporate environmental practices, 1SO 14001
requires standardized protocols for resource monitoring,



emergency readiness, regulatory compliance, and third-party
audit verification.

Mapping the sample across specific stages of certification—
rather than using a simplistic binary (certified vs. uncertified)
metric—captures the evolutionary nature of corporate
sustainability. Moving toward full EMS adoption is a multi-
year organizational transition requiring structural adjustments,
managerial retraining, and capital reallocation.

The proportional distribution in Figure 3 categorizes the dataset
into distinct organizational profiles:

Uncertified / Non-Adopters: Represents firms operating
without a formal, third-party accredited EMS. These enterprises
generally rely on reactive, compliance-driven approaches
determined strictly by local legal minimums. In developing
markets, this share often highlights prevailing institutional
voids, capital constraints, or a lack of consumer demand for
environmental transparency.

In-Process / Implementation Stage: Captures firms actively
designing environmental policies, undertaking internal gap
analyses, or undergoing baseline audits to prepare for
certification. This group represents transitional enterprises
committing financial and managerial resources to build
codified environmental capabilities.

Fully Certified Stage: Comprises firms that have successfully
passed formal third-party audits and maintain active 1SO 14001
credentials. These organizations have embedded structured
waste tracking, energy monitoring, and executive
accountability mechanisms into their daily operations.

Recertified / Advanced EMS Integration Stage: Reflects mature
organizations that have maintained certification across multiple
audit cycles. These firms demonstrate institutionalized
environmental routines, continuous process improvements, and
deep integration of green benchmarks into core business
strategy.

The relative size of each slice in Figure 3 reflects key
institutional, market, and supply chain dynamics across the
surveyed developing economies:

Global Value Chain Integration: Domestic suppliers embedded
in export networks face strict buyer-imposed mandates from
foreign partners in developed markets, driving higher
certification rates compared to purely domestic-focused firms.

Information Asymmetry and Market Signaling: In contexts
where regulatory oversight is weak or inconsistent, 1ISO 14001
serves as a high-visibility, third-party verified signal to
international investors, banks, and customers that the firm
manages operational risks effectively.

Access to Capital and Financial Markets: Achieving and
maintaining formal certification involves fixed administrative
and audit costs. Consequently, larger or better-capitalized firms
are disproportionately represented in the certified tiers, while
resource-constrained small and medium-sized enterprises
remain in the uncertified category.

The distribution across certification stages provides critical
insights into how deeply environmental practices are integrated
into business operations:
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Substantive Capabilities: Higher proportions of fully certified
and recertified firms indicate that standard environmental
procedures (such as closed-loop waste systems, life-cycle
tracking, and systematic energy management) have become
routine operational standards across the industry.

Symbolic Compliance (Greenwashing Risks): A concentration
of firms remaining perpetually in early implementation stages,
or obtaining baseline certification without sustained follow-
through, can signal symbolic adoption. In such cases, firms
acquire the certification primarily as a marketing tool or
regulatory shield without undertaking substantive operational
reforms.

Within the context of the broader empirical study, Figure 3
serves as a key diagnostic step for structuring subsequent
quantitative modeling:

Variable Construction: The descriptive proportions directly
inform the design of categorical, dummy, or ordinal variables
used in baseline econometric regressions to measure
environmental management maturity.

Moderation and Subgroup Analysis: Defining these distinct
certification categories allows researchers to run subgroup
regressions or interaction terms, evaluating whether the impact
of environmental responsibility on firm performance or
productivity varies according to the maturity of a firm's formal
EMS.

Controlling for Selection Bias: Observing the ratio between
certified and uncertified firms helps identify potential self-
selection bias. Because higher-performing or larger firms self-
select into ISO certification, establishing this baseline
proportion guides the implementation of econometric
corrections, such as propensity score matching or selection-
adjusted models, to isolate the true causal effect of EMS
adoption.

Compliance
8.0%
Supply Chair
Efficiency 12.0%
35.0%
20.0%

Clean P

25.0%

Waste Treatment

Figure 4: Green Capital Budget Allocation Breakdown



Figure 4 transitions the empirical analysis from managerial
commitments and process certifications to direct financial
resource deployment by disaggregating firm-level green capital
expenditures into distinct operational investment categories. By
mapping the proportional shares of green capital budgets across
developing economies, the donut chart provides concrete
evidence of how corporate environmental strategy is
operationalized through capital allocation decisions.

While policy statements and 1SO certifications reflect
organizational intent, the allocation of financial capital
represents a firm’s actual commitment to green transformation.
Figure 4 isolates targeted green capital expenditure (CapEx)
from general corporate overhead, breaking down the
environmental budget into functional operational streams.

The donut chart format highlights two simultaneous data
dimensions: the individual slice proportions represent the
strategic weighting assigned to specific environmental
initiatives, while the overall structure represents the total green
investment pool. This disaggregation provides a granular view
of how developing economy firms navigate the trade-off
between immediate operational needs and long-term
sustainability goals.

The proportional divisions depicted in Figure 4 typically
capture five major operational expenditure categories:

Energy Efficiency and Resource Conservation: Capital
deployed for high-efficiency machinery, smart grid monitoring,
waste heat recovery systems, and building insulation. In
developing economies, this category frequently commands a
dominant budget share due to its dual benefit of cutting energy
costs while reducing carbon emissions.

Pollution Abatement and Control (End-of-Pipe Infrastructure):
Expenditures dedicated to scrubbers, wastewater treatment
facilities, and hazardous waste filtration. These investments are
primarily reactive, driven by compulsory local environmental
regulations and enforcement actions.

Renewable Energy and Clean Technology Adoption: Direct
investments in onsite renewable power generation (such as
rooftop solar PV or biomass boilers) and fleet electrification.
This category represents a strategic shift toward energy self-
reliance and long-term operational decarbonization.

Waste Minimization and Circular Economy Integration: Capital
allocated to closed-loop water recycling, scrap material
recovery systems, and sustainable packaging infrastructure.
These projects lower raw material purchasing costs while
minimizing landfill reliance.

Green Research, Development, and Eco-Innovation: Funding
dedicated to sustainable product design, alternative material
development, and low-carbon process engineering. Though
typically representing a smaller budget fraction in emerging
markets, this slice captures proactive investments aimed at
building proprietary competitive advantages.

The relative share assigned to each investment category in
Figure 4 reflects specific macroeconomic, institutional, and
financial conditions across developing jurisdictions:

Cost-Reduction  Versus Compliance Motives: Budget
allocations in emerging markets tend to skew toward energy
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efficiency and waste reduction rather than pure end-of-pipe
pollution control. This occurs because efficiency investments
yield immediate, tangible unit-cost savings that offset high
capital costs, whereas compliance expenditures are viewed as
unrecoverable overhead.

Global Supply Chain Demands: Export-oriented firms allocate
higher capital shares to clean technology and carbon
management to comply with international buyer mandates and
foreign carbon adjustment mechanisms (such as border carbon
taxes).

Financial Market Imperfections and Targeted Green Credit:
The size of capital allocations to long-term projects (like
renewable energy or green R&D) is strongly constrained by
access to specialized financing. Where green bond markets,
preferential subsidies, or multilateral climate funds are present,
investment shares in capital-intensive clean technology expand
significantly. Analyzing the balance between these budget
categories offers critical insights into the strategic maturity of
environmental practices within the sample:

Reactive Compliance Profile: A budget dominated by pollution
abatement and basic end-of-pipe spending indicates a defensive
organizational posture. In this regime, green capital is deployed
strictly to avoid regulatory penalties, offering limited potential
for long-term operational productivity gains.

Proactive Eco-Transformation Profile: A budget balanced
toward green R&D, renewable energy, and circular process
design signals a strategic posture. Capital deployed in these
areas fosters organizational learning, resource productivity, and
continuous process innovation, supporting the tenets of the
Porter Hypothesis. Within the context of the broader empirical
study, Figure 4 serves as a critical diagnostic and
operationalization step for subsequent quantitative estimation:

Constructing Granular Investment Variables: The visual
breakdown justifies moving beyond aggregate ESG scores by
constructing continuous expenditure metrics, such as green
CapEx intensity or the ratio of proactive-to-reactive
environmental capital.

Evaluating Heterogeneous Financial Returns: Establishing this
budget distribution allows econometric models to test whether
the financial returns on corporate environmental responsibility
depend on where capital is deployed, rather than merely how
much total capital is spent.

Informing Policy Interventions: By identifying underfunded
operational areas—such as green R&D or long-term eco-
innovation—the chart highlights strategic gaps where targeted
public policy interventions, such as tax credits or concessional
financing, are most needed to accelerate green growth in
developing economies.

4. Empirical Data Analysis & Results

This section details the empirical findings based on the
specified System GMM architecture. The U-shaped
relationship indicates that green technology adaptations
initially result in a net cost but eventually translate into higher
Total Factor Productivity. In the early stages, firms may face
substantial investment costs, operational disruptions, and
learning challenges associated with adopting environmentally
sustainable technologies. However, as firms accumulate
experience and improve resource efficiency, these investments



can generate productivity gains over time. This finding
highlights the importance of long-term investment strategies
and supportive environmental policies in facilitating the
transition toward sustainable industrial growth.

TFP Index

CER Score

Figure 5: TFP vs. CER Composite Score

Figure 5 provides visual empirical evidence of a non-linear
relationship between firm-level Total Factor Productivity (TFP)
and Corporate Environmental Responsibility (CER). By
plotting individual firm observations on a bivariate scatter plot
overlaid with a quadratic fit line, this visualization moves
beyond basic linear assumptions to capture how operational
efficiency shifts across different stages of green practice
adoption.

Evaluating the impact of environmental strategies on firm
productivity requires measuring Total Factor Productivity
(TFP)—a comprehensive metric of operational efficiency that
accounts for combined labor, capital, and intermediate inputs.
The CER composite score aggregates multi-dimensional
environmental metrics, ranging from energy efficiency to waste
management. Standard linear models assume that each
incremental increase in green practice adoption produces a
constant return on firm productivity. However, real-world
corporate greening involves substantial upfront structural
adjustments, delayed returns, and learning curves. By
overlaying a quadratic fit line onto the scatter plot of microdata,
Figure 5 visually tests whether the productivity payback of
environmental responsibility varies depending on the firm's
level of green maturity.

The visual shape of the quadratic curve in Figure 5
disaggregates the relationship into three distinct operational
phases:

Initial Downward Phase (The Compliance and Capital Cost
Premium): At low levels of CER adoption, the fit line trends
downward, indicating that initial environmental investments
temporarily depress TFP. In this phase, firms incur immediate
fixed costs—such as purchasing pollution abatement
equipment, conducting environmental audits, and retraining
staff—without realizing immediate operational efficiencies.
These spending commitments divert financial and managerial
resources away from core production activities, creating a
short-term productivity drag.

The Inflection Point (Critical Threshold of Capability): The
lowest point of the U-curve represents the critical
organizational turning point. At this threshold, the firm
transitions  from reactive compliance to proactive
environmental management. The accumulated experience and
internal protocols begin to offset the initial capital outlays,
stabilizing productivity performance.
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Upward Phase (Innovation Offsets and Efficiency Gains):
Beyond the inflection point, higher CER composite scores
correlate positively with rising TFP. Once green practices are
fully integrated into core operations, firms experience systemic
process optimizations. These higher CER levels yield reduced
material waste, energy savings, lower regulatory exposure, and
improved supply chain efficiency, driving long-term
productivity growth that exceeds pre-investment levels.

The U-shaped trajectory captured in Figure 5 integrates two
contrasting paradigms in corporate environmental economics:

Neoclassical Cost-of-Compliance Perspective (Capturing the
Left Side of the Curve): Traditional economic theory argues
that environmental regulations and voluntary green programs
impose unrecoverable operational costs that reduce firm
efficiency. The initial negative slope validates this perspective
for early-stage adopters.

The Porter Hypothesis and Resource-Based View (Capturing
the Right Side of the Curve): Modern strategic frameworks
suggest that advanced environmental management triggers
"innovation offsets" and unique organizational capabilities. The
upward-sloping portion of the curve confirms that once firms
cross a mature adoption threshold, proactive environmental
strategies enhance productivity and competitive advantage.

Within the broader empirical research design, Figure 5 serves
as an essential diagnostic tool that guides formal statistical
estimation:

Exposing Linear Specification Bias: The visual U-shape
demonstrates that forcing a simple linear regression line onto
the dataset would be misleading, potentially showing a weak or
statistically non-significant overall relationship by averaging
out the opposing initial cost and subsequent gain phases.

Motivating Quadratic Econometric Specifications: Confirming
this non-linear pattern visually provides explicit justification
for including quadratic terms (such as squared CER variables)
in formal panel regression models.

Guiding Turning Point Analysis: The scatter plot establishes an
empirical basis for calculating the exact threshold value of CER
at which environmental investments turn from a cost center into
a productivity generator, enabling researchers to test the precise
conditions required for green strategies to pay off in developing
markets.

Table 2: Bivariate Pearson Correlation Matrix

Variables | (1) @) ®) @ )
@ 1.000

In(TFP)

(2)CER | 0.342* | 1.000

(3)1SO | 0.288* | 0.612* | 1.000

(4)GSCI | 0.315* | 0.584* | 0.495% | 1.000
(5)ECO | 0.380* | 0.510* | 0.422* | 0.478* | 1.000
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Figure 6: Capability Footprint: Low vs. High TFP Firms

Figure 6 maps the multi-dimensional organizational capability
footprint of sample firms using a radar chart, explicitly
contrasting the operational profiles of high Total Factor
Productivity (TFP) enterprises against low TFP enterprises. By
plotting multiple capability dimensions simultaneously along
radiating axes, this visualization illustrates how green
capabilities and operational efficiency co-exist and reinforce
each other within developing economy firms.

Figure 6 evaluates firms across several normalized radial axes,
each representing a core organizational or green capability.
Typical dimensions captured in this framework include:

Green Technological Adoption and R&D Intensity: The degree
to which a firm invests in clean production equipment, eco-
innovations, and energy-efficient technology.

Managerial and Governance Quality: The strength of internal
management  routines,  executive  accountability  for
sustainability, and strategic oversight.

Resource Efficiency and Process Optimization: Operational
capabilities focused on minimizing waste, optimizing energy
usage, and closed-loop material recycling.

Regulatory Compliance and ESG Transparency: The maturity
of environmental reporting, third-party audit readiness, and
adherence to statutory mandates.

Supply Chain Integration: The capacity to meet international
buyer standards and integrate sustainable procurement
practices. The plotted polygons represent the aggregated
capability footprints of the two benchmark groups, where the
relative distance from the center along any axis reflects greater
capability maturity.

The geometric contrast between the two overlaid footprints
reveals clear operational asymmetries between high and low
TFP firms:

Expanded Polygon (High TFP Firms): High-productivity firms
display a wide, balanced footprint that extends toward the outer
edges of the radar chart across virtually all dimensions. This
symmetrical expansion demonstrates that high productivity is
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not driven by isolated strengths, but by a well-rounded portfolio
of managerial, technological, and environmental capabilities.

Contracted Polygon (Low TFP Firms): Low-productivity firms
form a smaller, distorted inner polygon. These enterprises often
display asymmetrical capabilities—perhaps maintaining
baseline regulatory compliance to avoid fines, but showing
severe deficiencies in green R&D, managerial infrastructure,
and process efficiency.

The "Capability Gap" Width: The visual space between the
outer and inner polygon edges identifies where the operational
divide between high and low performers is widest. In
developing markets, this gap is usually most pronounced in
green technology integration and managerial quality, pointing
to specific structural bottlenecks in low-productivity firms.

3. Strategic Implications and Capability Complementarity

The shape of the footprints offers key insights into strategic
management frameworks, particularly the Resource-Based
View (RBV) and Dynamic Capabilities theory:

Complementarity and Synergy: The broad footprint of high
TFP firms illustrates organizational synergy. Green practices do
not operate in a vacuum; eco-innovations yield higher
productivity returns when paired with strong managerial
execution and resource efficiency protocols.

Path Dependency and Absorptive Capacity: The narrow
footprint of low TFP firms indicates a lack of "absorptive
capacity." Without baseline managerial competence and
technological infrastructure, low-productivity firms struggle to
absorb and convert green investments into tangible productivity
gains. Within the broader empirical research framework, Figure
6 serves as a key diagnostic link between descriptive profiles
and multivariate testing: Identifying Moderating Variables: By
highlighting distinct capability gaps, the chart provides
empirical rationale for testing interaction effects in econometric
models—such as evaluating whether managerial quality or
baseline technology moderates the relationship between CER
adoption and productivity. Addressing Unobserved Firm
Heterogeneity: The structural differences shown in the radar
profiles emphasize that firm-level productivity variations are
deeply tied to internal capabilities, reinforcing the necessity of
firm-fixed-effects estimators to control for unobserved
managerial and technological quality. Targeting Policy
Interventions: For policymakers in developing markets, the
identified capability gaps highlight that promoting corporate
environmental performance requires more than mandating
compliance; it demands targeted support to build baseline
managerial and technological capabilities in  firms.

Table 3: Baseline TFP Distribution Across Industrial Sub-
Sectors

Industry Firm Mean Low High

Sector Count TFP CER CER
TFP TFP

Food & | 220 3.25 3.05 3.48

Beverages

Textiles & | 180 2.98 2.80 3.20

Apparel

Chemical 165 3.85 3.42 4.31

Products

Basic Metals | 140 3.62 3.30 3.98

Electronics 210 3.92 3.50 4.40
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Figure 7: Eco-Investment vs. TFP Growth (Bubble Size =
Firm Size)

Figure 7 evaluates the multi-variable relationship between eco-
investment intensity and TFP growth while incorporating firm
scale as a third dimension represented by bubble size. By
simultaneously mapping investment inputs, productivity
performance, and firm size, this visualization illustrates how
scale economies moderate the returns on environmental
investments prior to interactive econometric estimation.
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Figure 8: Cumulative TFP Net Contribution Decomposition

Figure 8 utilizes a waterfall chart to decompose cumulative
Total Factor Productivity (TFP) changes into incremental net
contributions from specific green practices and associated
implementation costs. By isolating both productivity-enhancing
drivers and cost-deducting friction points sequentially, this
visualization illuminates the step-by-step mechanism through
which individual CER components aggregate into net
productivity shifts.

Table 4: Dynamic Panel System GMM Estimation
(Dependent Variable: In(TFP)

Independent Model (1) | Model (2) | Model (3)
Variables OLS FE Sys GMM
In(TFP_t-1) - - 0.512***
CER -0.002 -0.005* -0.011***
CER_squared | 0.0001** | 0.0001*** | 0.0002***
ISO 0.085*** | 0.062*** 0.094***
GSClI 0.004*** | 0.003** 0.006***
Observations 14,500 14,500 13,050
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Figure 9: Frequency of Operational Bottlenecks during CER
Transition

Figure 9 utilizes a Pareto analysis to rank and evaluate the
frequency of operational bottlenecks firms encounter during
their transition to corporate environmental responsibility. By
plotting individual frequencies alongside cumulative
percentages, this chart isolates the primary implementation
hurdles—the "vital few"—that account for the majority of
operational friction during green practice adoption. This
provides diagnostic empirical evidence on the key structural
and managerial constraints that temper firm productivity across
developing economies.

Waste Water
Recycling (25%)

Energy Efficient
Machinery (40%)

Solar (20%) Sl

Figure 10: Capital Allocation Across Green Technical
Systems

Figure 10 uses a hierarchical treemap to map the structural
distribution of firm capital investments across distinct green
technical systems. By scaling nested sub-categories relative to
their financial weights, this visualization highlights key
technological investment targets, offering granular empirical
insight into resource allocation strategies within corporate
sustainability frameworks.

Table 5: Sub-Sample Heterogeneity Analysis by Enterprise
Ownership Type

Variables Domestic SOEs Foreign
Private Multinationals

CER -0.014*** | -0.004 -0.006*

CER _squared | 0.0003*** | 0.0001 | 0.0002***

ISO 0.112%** 0.041 0.089***

Observations 7,250 2,900 4,350
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Figure 11: Resource Transformation & Productivity Value
Flows

Figure 11 maps the structural pathways of green resource
transformation using a Sankey diagram to trace environmental
capital inputs through intermediate organizational capabilities
to final TFP gains. By scaling flow widths to quantify input-
output conversions, this visualization isolates the internal
transformation processes and value-creation mechanisms
through which corporate sustainability efforts generate
economic productivity.
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Figure 12: Adoption Filtering of Green Initiatives Across
Stages

Figure 12 utilizes a funnel chart to trace the sequential
implementation pipeline of green initiatives from initial
proposal to full operational scaling. By quantifying conversion
rates and drop-off points across successive stages, this
visualization isolates critical stage-gate bottlenecks, offering
empirical context on how organizational filtering mechanisms
constrain the full realization of environmental practices in
developing economies.

Table 6: Impact of Specific Green Practices on Operational

Efficiency Metrics

Efficiency ISO 14001 | Eco-Innov | GSCI Coeff
Metric Coeff Coeff

Energy -0.145%** -0.210*** -0.082**
Intensity

Waste 0.188*** 0.245*** 0.115***
Reduction

Material 0.112*** 0.165*** 0.142***
Utilization

Defect Rate | 0.095*** 0.078*** 0.064**
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Figure 13: Correlation Matrix across Country & Industry
Sectors

Figure 13 employs a heatmap matrix to visually map correlation
intensities between environmental practices and performance
metrics across country and industry dimensions. By
highlighting cross-sectional clustering and spatial-sectoral
variations, this visualization reveals structural heterogeneity
across operating environments, providing key empirical
groundwork prior to controlling for fixed effects in formal
econometric estimations.
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Figure 14: Distribution of TFP Gains by CER Maturity
Quartiles

Figure 14 evaluates the distributional characteristics—
including medians, interquartile ranges, and variance—of firm
Total Factor Productivity (TFP) gains stratified across CER
maturity quartiles. By mapping these structural shifts across
increasing stages of environmental integration, this box plot
demonstrates how both the magnitude and stability of
productivity returns evolve as sustainability practices mature,
establishing key empirical groundwork on performance
variance prior  to dynamic panel modeling.

Table 7: Structural Equation Modeling (SEM) Direct,
Indirect, and Total Effects

Path / | Direct Indirect | Total Sobel z-
Hypothesis | Effect Effect Effect score
CER -> | 0.082*%* | 0.145*** | 0.227*** | 5.84***
GOP ->

TFP
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CER -> | 0.064* | 0.098*** | 0.162*** | 4,12*** Table 8: Moderation Analysis of Enterprise Risk
ERG -> Governance (ERG)
TFP
CER -> | 0.051* | 0.112*** | 0.163*** | 4.75*** Variable Low ERG | Moderate High ERG
GSClI > ERG
TFP CER -0.018*** | -0.009** -0.002
CER squared | 0.0002** 0.0002*** 0.0003***
Inflection 45.0 22.5 3.3
— T Point
—_— Observations 4,833 4,833 4,834
2
—
2 Initial Audit .
E —
g 1
= -1 Equipment Retrofit -
-2 I Green Training -
Non-Certified Certified

Figure 15: Density Distribution of TFP Growth Across 1SO
Status

Figure 15 combines kernel density estimation with traditional
box plot metrics to map the full probability distribution and
variance of firm TFP growth across distinct ISO 14001
certification statuses. By illustrating distribution shapes
alongside group medians and interquartile ranges, this
visualization uncovers potential multimodality and skewness,
demonstrating how formal EMS adoption impacts both the
expected level and stability of productivity performance.
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Figure 16: Distribution of Residuals in System GMM
Specification

Figure 16 evaluates model specification validity by mapping
the frequency distribution of estimated residuals derived from
the System GMM regression. By assessing symmetry, zero-
mean centering, and normality across the error terms, this
histogram verifies that the dynamic panel model meets core
parametric assumptions, confirming the statistical reliability of
the empirical estimates.
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Figure 17: Multi-Year Implementation Timeline of I1SO
14001 & TFP Realization

Figure 17 uses a Gantt chart to map the multi-year, sequential
implementation phases of 1SO 14001 certification against the
lagged timeline of Total Factor Productivity (TFP) realization.
By visually establishing the temporal progression from initial
EMS adoption to eventual performance gains, this chart
illustrates the operational gestation periods and time-lag
structures inherent in green organizational practice
investments.
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Figure 18: Regional Distribution of Productivity Increases

Figure 18 maps the spatial variance and regional concentration
of productivity gains using a polar area chart, while Table 9
assesses model stability by re-estimating baseline regressions
across alternative productivity measures (Levinsohn—Petrin,
Olley—Pakes, Wooldridge, and labor productivity). Together,
these analyses confirm that the non-linear relationship between
green practice adoption and firm performance remains



structurally robust across geographical sub-regions and proxy
specifications.

Table 9: Robustness Checks Using Alternative Productivity
Estimates

Variables | Levinsoh | Olley- Wooldrid | Labor
n-Petrin | Pakes ge Prod
CER - - -0.012%** | -
0.011*** | 0.010** 0.015**
* *
CER _squa | 0.0002** | 0.0002* | 0.0002** | 0.0003*
red * ** * **
ISO 0.088*** | 0.084** | 0.091*** | 0.105**
* *
Observatio | 13,050 13,050 13,050 13,050
ns
Plastics
Automotive Chemicals
B;asicMetaIs

Figure 19: Inter-Industry Transfer of Green Technologies

Figure 19 utilizes a chord diagram to map directional spillovers
and bilateral exchange flows of green technologies across
industrial sectors. By scaling link widths to quantify transfer
volumes, this network visualization identifies key origin and
destination industries, providing empirical insight into how
cross-sectoral technology diffusion drives systemic practice
adoption in developing economies.
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Figure 20: Stakeholder Risk & Green

Architecture

Integration
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Figure 20 maps the structural network topology connecting
stakeholder risk governance with green integration architecture,
while Table 10 addresses potential endogeneity using Two-
Stage Least Squares (2SLS) instrumental variable estimation
alongside System GMM specifications. Validated by strong
first-stage $F$-statistics and Sargan overidentification tests,
these empirical checks demonstrate parameter stability,
confirming that the non-linear CER—productivity relationship
remains robust against reverse causality and omitted variable
bias.

Table 10: Endogeneity Checks: Instrumental Variable
(25LS) vs. System GMM

Estimation 2SLS (IV) | System Difference
Metric Model GMM

Model
CER  Linear | -0.014** -0.011*** Stable
Coeff
CER _squared | 0.0003*** | 0.0002*** | Stable
Coeff
Sargan  Test | 0.245 - Valid
(p-val)
F-Statistic 28.45*** - Passed
5. Discussion
The empirical findings confirm Hypothesis H1, revealing a U-
shaped non-linear  relationship  between  Corporate

Environmental Responsibility (CER) and firm-level Total
Factor Productivity (TFP) across emerging market
manufacturing firms. Integrating Enterprise Risk Management
(ERM) frameworks—consistent with the non-linear risk
modeling approach of Haque and Rasel-Ul-Alam (2018)—
helps smooth this transition. Effective enterprise risk
governance lowers the inflection point, enabling firms to
achieve productivity gains sooner. Green supply chain practices
and 1SO 14001 certification act as critical structural
mechanisms (H2 and H3), ensuring that internal eco-
innovations translate directly into measurable operational
improvements (Darnall et al., 2008).
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