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ABSTRACT: Purpose: The purpose of this study is to examine correlations between
climate risk disclosure quality (CRDI), green finance (GFI), and cost of capital (COC)
among Pakistan Stock Exchange (PSX)-based non-financial companies for 2013-2023. The
study is based on Information Asymmetry Theory, Stakeholder Theory and Legitimacy
Theory to investigate whether superior climate risk disclosure leads to lower cost of equity,
debt and WACC; whether green finance acts as a mediator in the context of the
aforementioned relationship; and whether board environmental expertise acts as a

moderator in the mediated pathway.
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Design/Methodology/Approach: An unbalanced panel of 165 PSX-listed non-financial
firms (maximum 1,815 firm-year observations) is analyzed. The Climate Risk Disclosure
Index (CRDI) is a 24-item index based on structured content analysis (dual-coder, Cohen's
Kappa = 0.83), which can be disaggregated to include the categories of transition risk
disclosure (TRD), physical risk disclosure (PRD), and governance climate accountability
(GCA). Cost of equity is calculated by using CAPM, cost of debt by using the interest
expense ratio and WACC by using the market-value weighting. Green finance is expressed
in a PCA-weighted combination of four instruments. Endogeneity is controlled for using
System GMM (Blundell and Bond, 1998). Estimation of mediation (PROCESS Model 4)
and moderated mediation (PROCESS Model 14) involves the use of BCa bootstrapped

confidence intervals (5000 iterations).

Findings: CRDI is negatively and significantly associated with cost of equity (beta = -
0.187, p < 0.001), cost of debt (beta = -0.142, p < 0.001), and WACC (beta = -0.168, p <
0.001). The CRDI-cost of equity relationship is partially mediated by green finance
(indirect effect = -0.072; BCa 95% CI [-0.118, -0.031]), accounting for nearly 38.5% of the
total. Highly-efficient boards (IMM = -0.024; BCa 95% CI [-0.041, -0.009]) provide
significant moderation of this mediated pathway, reducing costs by 2.1x more. Other
disclosure variables, including transition risk disclosure (beta = -0.214), have higher effects
on capital costs than do physical risk disclosure (beta = -0.156). All results are robust to

GMM endogeneity correction.

Research Limitations: Single-country PSX setting; GRI content-analysis-based CRDI is
based on self-disclosed reports; limited data availability on green finance after 2023 for
SECP-mandatory PE disclosures; and availability of data for the era before SECP-

mandatory PE disclosures is limited.

Practical Implications: Ensure that SECP require TCFD related disclosures by PSX
companies. To incentivize green finance cost reduction, environmental expertise
investment is needed in boards. SBP Sustainable Finance Framework certification is a

capital cost optimizing strategy outside of regulation.

Originality/Value: It is the first study which provide the TCFD-aligned CRDI for PSX
non-financial firms disaggregating TRD, PRD, and GCA; (2) it is the first study to find
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evidence of CRDI-COC through the mediation of green finance; (3) it is the first study to
test Board EE as a moderator; and (4) it is the most comprehensive PSX decade panel

climate disclosure and capital costs with System GMM correction.

Keywords: climate risk disclosure; green finance; cost of capital; TCFD; board
environmental expertise; PSX; WACC; information asymmetry, System GMM,; emerging

markets
1. Introduction

Climate change poses a growing set of physical and transition risks and has transformed
corporate information environments to make climate risk disclosure a move from a
peripheral sustainability activity to one that is a material component of financial
transparency, increasingly monitored by investors, credit agencies and regulators around
the world (TCFD, 2023; Krueger et al., 2020; IPCC, 2023). Since the Task Force on
Climate-related Financial Disclosures (TCFD) made its 2017 recommendations (which
now have support from regulators in over 40 jurisdictions comprising USD 110 trillion in
assets under management), empirical studies have validated that the quality of a disclosure
is systematic in affecting what a firm pays for capital (TCFD, 2023; Ilhan et al., 2021; Choi
et al., 2020). A uniquely compelling laboratory from the emerging-market perspective for
this inquiry is the case of Pakistan (Khan and Bhutta, 2022; SECP, 2021). Pakistan, ranked
as one of the top ten most climate vulnerable countries in the world (ND-GAIN, 2023), is
not only exposed to significant physical risks — as is reflected in the mega flood in 2022,
which impacted 33 million people and resulted in USD 30 billion in damages — but has
also faced massive transition risks due to its goals for 60% renewable energy by 2030 and
fulfilling the Paris Agreement (IPCC, 2023; Khan and Bhutta, 2022). The PSX is part of an
institutional framework of increasing sustainability regulatory pressure: the Sustainable
Finance Framework (2021) from the State Bank of Pakistan, the ESG Disclosure Guidance
(2021) from the Securities and Exchange Commission of Pakistan, and upcoming
mandatory adoption of TCFD guidelines (SECP, 2021 and SBP, 2021) all represent
significant temporal variation in the incentive to disclose sustainability information
appropriate for causal identification in panel data settings. This study is driven by three key
gaps in the literature as identified by Ng and Rezaee (2015), Clarkson et al. (2013) and

Flammer (2021). First, no study has examined the relationship between climate risk
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disclosure and cost of equity for PSX-listed firms, as a majority of these firms have not yet
volunteered to disclose climate risks (below 15%) and institutional investors have limited
capacity to analyse climate risks (SECP, 2021). Second, the enforcement pathways through
which disclosure quality is said to lead to cost-of-capital reductions remain unidentified:
green finance is theoretically claimed as a mediating capital market channel but is not
supported by panel-data mediation evidence (Flammer, 2021; Tang and Zhang, 2020).
Third, board environmental expertise (environmental governance capability to translate
CRD quality into trustworthy green finance activity) has not been tested as moderator
despite the key role it plays in upper echelons and agency theory (Hambrick and Mason,
1984; Jensen and Meckling, 1976). This study contributes to filling these gaps through four
novel methods: (1) by generating Climate Risk Disclosure Index (CRD) for PSX non-
financial firms in our study, disaggregating transition, physical and governance
accountability risks dimensions from TCFD framework (TCFD, 2023); (2) by providing
first panel evidence for green finance as a mediator of the relationship between CRD and
cost of capital in PSX non-financial firms within an emerging Islamic economy; (3) by
testing first panel evidence for board environmental expertise as a moderated mediation
moderator between CRD and cost of capital relationship in PSX non-financial firms; and
(4) by being the most comprehensive decade-long panel in PSX non-financial firms with
System GMM endogeneity correction (Blundell and Bond, 1998; Hayes, 2018). The
remainder of the paper unfolds as follows: Section 2 provides theoretical foundations and
hypotheses; Section 3 deals with methodology; Section 4 provides results; Section 5
provides for the discussion of findings; and Section 6 provides for the conclusion.

Literature review and hypothesis development.

2. Literature Review and Hypothesis Development
2.1 Theoretical Foundations

2.1.1 Information Asymmetry Theory

The main mechanism that connects climate risk disclosure to cost of capital is through
Information Asymmetry Theory (Akerlof, 1970; Myers and Majluf, 1984) which states that
high quality CRD decreases the informational disadvantage of the outside investors who
cannot directly observe the risk assessment that management have in their private opinion,

which in turn leads to a decrease in risk premium demanded by investors and thus cost of
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equity and debt (Akerlof, 1970; Myers and Majluf, 1984). In the PSX context, where
capacity to perform climate analysis in the institutional context is still underdeveloped,
benefits of the CRD in terms of reducing information asymmetry are theoretically greater

per unit of disclosure quality improvement compared to developed markets (Krueger et al.,

2020; SECP, 2021).
2.1.2 Stakeholder Theory and Legitimacy Theory

The Stakeholder Theory (Freeman, 1984) suggests that comprehensive CRD cultivates
investor, creditor, regulator and community relationships and lowers the cost of capital by
broadening access to capital for sustainability. Legitimacy Theory (Suchman, 1995)
suggests that PSX companies under regulatory pressure by SBP-SECP are likely to resort
to CRD in order to retain social license and access to the capital market, and Signaling
Theory (Spence, 1973) explains how TCFD aligned disclosure serves as a costly credible
signal to distinguish between climate leaders and symbolic disclosers (Suchman, 1995;

Spence, 1973).
2.2 Climate Risk Disclosure and Cost of Capital

Since the TCFD has been published, the empirical research on CRD-cost of capital
relationship has significantly increased (Krueger et al., 2020; Ilhan et al., 2021; Choi et al.,
2020). A study of 439 institutional investors representing USD 29 trillion in assets,
conducted by Krueger et al. (2020), revealed systematic adjustments of climate risk in the
cost of equity estimation, with insufficient disclosure having a significant effect on the
climate risk premiums (Krueger et al., 2020). Ilhan et al. (2021) found that firms with
higher carbon risk exposure experienced a higher implied cost of equity, and the premiums
were a lot more muted for companies with better disclosures of TCFD aligned. In the
literature on the cost of debt, Ge and Liu (2015) showed that strong CSR, which is an
antecedent to CRD quality, was correlated with narrower bonds yield spreads, and Bauer
and Hann (2010) found that environmental violations led to higher cost of debt for a large
US firm sample (Ge and Liu, 2015; Bauer and Hann, 2010). This relationship remains
totally unrecorded in the context of Pakistan as it is the main empirical gap that this study

will fill (SECP, 2021; Khan and Bhutta, 2022).
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H1a: Climate risk disclosure quality (CRDI) is negatively and significantly related to cost
of equity (KE) of non-financial firms listed on PSX.

H1b: There is a negative and significant relationship between CRDI and cost of debt (KD)

in PSX listed non-financial firms.

Hle: For non-financial firms listed on the PSX, there will be a negative and significant

relationship between CRDI and WACC.
2.3 Green Finance as Mediating Mechanism

CRD-COC relationship is mediated by green finance through two sequential channels,
firstly, by linking the CRD with green finance, and secondly by connecting green finance
with the COC (Flammer, 2021; Tang and Zhang, 2020; SBP, 2021). Primarily, high CRD
quality facilitates preferential access to green finance instruments: Sustainable loan
agreements include environmental linked interest step-down mechanisms, which are goals
set by the borrower, and green bond certification requires disclosure thresholds, which are
more easily met by firms with high CRD (Flammer, 2021; SECP, 2021). Second, green
finance access appeals to the attention of the investors with ESG requirements such as
sovereign wealth funds, pension funds, and development finance institutions, which will
buy firm's securities at lower required returns and further reduce COC (Tang and Zhang
2020; Yoshino et al. 2021). No empirical study has been conducted along this two-stage
CRD to GFI to COC mediation path in any emerging market panel study (Flammer, 2021;
Khan and Bhutta, 2022).

H2a: Green finance is a mediator of the relationship between CRDI and cost of equity.
H2b: The mediation effect of Green finance is between CRDI and WACC.
2.4 Board Environmental Expertise as Moderator

According to Agency Theory (Jensen and Meckling, 1976) and upper echelon theory
(Hambrick and Mason, 1984), the level of environmental expertise in the board of directors
improves the efficiency of reducing the cost of capital based on access to green financing
in CRD-qualified firms. Boards with environmental expertise are in a credible position to

implement sustainable loan covenants, decreasing the uncertainty of the lender which leads
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to a higher credit risk reduction through green finance (Shaukat et al., 2016; Harjoto et al.,
2021). Weak board expertise, on the other hand, can lead to greenwashing risk which can

offset cost-of-capital reduction potential (Kim and Lyon, 2015).

H3a: Board environmental knowledge has a positive moderation effect on the mediated

pathway from CRDI to cost of equity (moderated mediation).

H3b: Board environmental expertise has a positive moderating effect on the mediated

pathway between CRDI and WACC.
2.5 Transition vs. Physical Climate Risk Disclosure

TCFD differentiates between transition risk disclosure (regulatory, market and technology
risks related to low carbon transition) and physical risk disclosure (acute and chronic
physical hazards) (TCFD, 2023; Krueger et al., 2020). Physically, the climate impacts are
not expected to occur in the near term, but rather in the long run, whereas transition risk is
theoretically actionable for investors in the near term, as it impacts regulatory compliance
risks, technology risks, and near-term implications for earnings (Ilhan et al., 2021; IPCC,

2023).

H4: When it comes to cost of capital, transition risk disclosure has a much more significant
negative effect than physical risk disclosure in the case of PSX listed non-financial

companies.

3. Research Methodology
3.1 Research Design and Sample

In this study, the researcher used post-positivism approach with the type of research that is
deductive, quantitative, longitudinal, panel econometric, and archival secondary data with
structured content analysis (Creswell and Creswell, 2018; Saunders et al., 2019). The target
population consists of PSX-listed non-financial firms (Baltagi, 2021; PSX, 2023), around
390 firms (excluding financial sector firms). The data for the remaining 2013-2023 period
are not complete for some firms, and therefore those with less than five complete years of
observations are excluded, creating an unbalanced panel of 165 firms with up to 1,815
firm-year observations (Hsiao, 2014). Data on financial data is sourced from Bloomberg

and verified with SECP filled Annual Report; data on green finance is obtained from SBP
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quarterly sustainability reports, SECP green bond filing and CBI records and data on
boards is hand coded from proxy statements (GRI, 2021; TCFD, 2023; CBI, 2023).

3.2 Variable Operationalization

3.2.1 Climate Risk Disclosure Index (CRDI)

The CRDI is a 24-item, TCFD-aligned structured content analysis instrument which is
organized into three sub-dimensions (TCFD, 2023; Krippendorft, 2018). Transition Risk
Disclosure (TRD; 9 items) reflects the regulatory risk, exposure to carbon pricing, plans
with low-carbon technology, quantification of stranded assets, and market risk due to
consumer shifts (TCFD, 2023; Ilhan et al., 2021). Physical Risk Disclosure (PRD; 9 items)
includes acute exposure to hazards, chronic risk assessment, mapping geographic asset
vulnerabilities, and business continuity planning (TCFD, 2023; IPCC, 2023). Governance
Climate Accountability (GCA; 6 items) reflects the board oversight, management
integration, inclusion of climate KPIs in executive remuneration, and presence of Scope 1-
3 targets (TCFD, 2023; GRI, 2021). In the composite CRDI, the TRD, PRD and GCA sub-
scores (0-100) were averaged together equally as per Krippendorff (2018).

3.2.2 Cost of Capital Measures

The cost of capital measures will manage the following: The Cost of Equity (KE) is
calculated using Sharpe (1964) and Fama and French (1993) with the following inputs:
rolling 60-month OLS beta of PSX KSE-100 as B, 10 year Pakistan Investment Bond
(PIB) yield as Rf and the trailing 5 year equity risk premium (ERP) as (Rm-Rf). Cost of
Debt (KD) is the interest expenses divided by the interest-bearing debt (Ge and Liu, 2015),
which is adjusted for the statutory corporate tax rate at 29%. WACC is the market-value-
weighted average: WACC = (E/V) x KE + (D/V) x KD x (1-T), where V = E + D
(Modigliani and Miller, 1963; Ng and Rezaee, 2015).

3.2.3 Green Finance Index and Board Environmental Expertise

The Green Finance Index (GFI) is a PCA-weighted composite of four indicators
(proportion of green/sustainable-designated loans to total debt, Green Bond or Green
Sukuk issuance binary, SBP Sustainable Finance Framework compliance score (0-10),

ESG-linked financing proportion; Flammer, 2021; SBP, 2021; OECD, 2008). So, the total

Page 8 of 37 DOI: 10.5281/zenodo.23154732


https://zenodo.org/uploads/23154732

scores of Board Environmental Expertise Index (BEEI) are the sum of: proportion of
directors with environmental/engineering qualifications, proportion with sustainability
certifications (GRI, CFA ESG, SASB FSA), and binary of board sustainability committee
and number of times climate risk is included in board minutes (Shaukat et al., 2016;

Hambrick and Mason, 1984).
3.2.4 Control Variables

All specifications include firm size (FS, natural log of total assets), financial leverage
(LEV, total debt/equity), profitability (ROA, net income/total assets), asset tangibility
(TANG, net fixed assets/total assets), sales growth (GROW, the change in revenue from
year to year), firm age (AGE, natural log of years since listing), 8 PSX-sector dummies,
and 10 annual dummies, all of which are winsorized at the 1st and 99th percentile (Ng and

Rezaee, 2015; Drempetic et al., 2020).

Table 1 Variable Summary: Definitions, Measurement, Expected Signs, and Theoretical Sources

Code Variable Measurement Sign Source
Dependent
Variables:
Cost of
Capital
Bloomberg;
. CAPM: Rf + ’
KE Cost of Equity B(Rm-Rf) (%) DV Target SBP; KSE-
100
(Interest
Bloomberg;
KD Cost of Debt Expense/Total DV Target SEZ(;I;E;‘%;
Debt)x(1-T) (%) 8
. (E/V)xKE +
hted Avg.
WACC Weighted Ave. 1y v yxkDx(1-T) DV Target Computed
COC
(o)
Key
Independent
and
Mediating
Variables
Climate Risk 24-item TCFD Hand-coded;
CRDI ) . v - ’
Disclosure content analysis ©) TCFD, 2023
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TRD

PRD

GCA

GFI

Moderating
Variable

Index

Transition Risk

Disclosure

Physical Risk
Disclosure

Gov. Climate
Accountability

Green Finance
Index

(0-100)

9-item TCFD
TRD sub-score (0-
100)

9-item TCFD
PRD sub-score (0-
100)

6-item TCFD
GCA sub-score (0-
100)

PCA composite: 4
green finance
indicators

Mediator

Q)

Hand-coded;
TCFD, 2023

Hand-coded;
TCFD, 2023

Hand-coded;
TCFD, 2023

SBP, 2021;
CBI, 2023

BEEI

Control
Variables

Board Env.
Expertise

Qualifications +
certifications +
env. committee +
agenda frequency
(0-100)

Mod.

(+)

Proxy
statements;
annual
reports

FS

LEV

ROA

TANG

GROW

AGE

IND

Firm Size

Financial
Leverage

Profitability

Asset
Tangibility

Sales Growth

Firm Age

Industry FE

Ln(Total Assets,
PKR mn)

Total Debt / Total
Equity

Net Income / Total
Assets (%)

Net Fixed Assets /
Total Assets

YoY % change in
Net Revenue

Ln(Years since
PSX listing)

8 PSX sector

Control

Control

Control

Control

Control

Control

Control

()

Q)

Q)

()

Q)

+/-

Ctrl

Bloomberg;
SECP

Jensen and
Meckling,
1976

Bloomberg;
SECP

Annual
reports

Bloomberg

PSX records

PSX sector
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dummies codes

10 annual
YEAR Year FE dummies (2013- Control Ctrl  Time effects
2023)

Note. TCFD = Task Force on Climate-related Financial Disclosures; GRI = Global Reporting
Initiative; CBI = Climate Bonds Initiative; SBP = State Bank of Pakistan; SECP = Securities and
Exchange Commission of Pakistan; CAPM = Capital Asset Pricing Model; PCA = Principal
Component Analysis; COC = Cost of Capital; KSE-100 = Karachi Stock Exchange 100 Index; T =
statutory corporate tax rate (29%); YoY = Year-on-Year; FE = Fixed Effects. All continuous

variables winsorized at 1st and 99th percentiles.

3.3 Econometric Specifications

3.3.1 Baseline Fixed Effects Panel Regression

The primary baseline specification is a two-way fixed effects panel regression:
COCit= b0 + bl CRDIit + b2 GFIit + b3 BEEIit + Sbk CVkit + ui + /t + eit Equation (1)

Where COCit is the cost of capital (KE, KD, or WACC) for firm i in year t; ui represents
the firm fixed effect; and It represents the year fixed effect and eit is the error term
(Baltagi, 2021). Firm-level cluster-robust standard errors are used (Petersen, 2009).

Hausman (1978) test is used to identify the preference between FE and RE.
3.3.2 System GMM Dynamic Panel Estimator

The System GMM Dynamic Panel Estimator is a sub command of GMM, which is
designed for dynamic panel estimation. System GMM (Blundell and Bond, 1998) can
circumvent the issue of omitted variable bias and reverse causality by using lagged values
and differences of endogenous regressors (CRDI, GFI) (Arellano and Bond, 1991;
Roodman, 2009):

COCit = a0 + al COCi,t-1 + a2 CRDIit + a3 GFIit + a4 BEEIit + Sak CVkit + fi + gt + vit
Equation (2)

GMM specification is validated by Arellano Bond AR(2) test (null: no second order
autocorrelation) and Sargan Hansen J tests (null: instruments are exogenous). To avoid

proliferation bias, the number of instruments is restricted to two lags (Roodman, 2009).
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3.3.3 PROCESS Model 4: Mediation (H2)

Mediation of CRDI on COC through GFI uses Hayes (2018) PROCESS Model 4 with BCa
bootstrap (5,000 iterations):

GFIit=a0 + al CRDIit+ a2 CVit+ elit Equation (3) Path a
COCit = b0 + bl CRDIit + b2 GFIit + b3 CVit + e2it  Equation (4) Paths b and c-
prime

Indirect effect = al x b2; full mediation if c-prime non-significant after GFI inclusion

(Hayes, 2018; Baron and Kenny, 1986).

3.3.4 PROCESS Model 14: Moderated Mediation (H3)
BEEI moderates the second-stage GFI to COC path (Hayes, 2018 Model 14):
COCit=c0 + cl CRDIit + ¢2 GFIit + ¢3 BEEIit + c4(GFI x BEEI)it + ¢5 CVit + eit
Equation (5)

Conditional indirect effect = al x (c2 + c4 x BEEI), and evaluated at BEEI mean and +/-1
SD (Hayes, 2018). Preacher et al., (2007) showed that moderated mediation can be
detected if 95% CI of IMM does not contain zero. Both GFI and BEEI are mean centered
before multiplications (Aiken and West, 1991).

3.4 Robustness Checks

There are six robustness checks to cross-check the main results as follows: (1) alternative
proxy for COC (EPS as equity return proxy); (2) credit spread as proxy for debt cost; (3)
disaggregated CRDI sub-scores (TRD, PRD, GCA separately); (4) quantiles regression
(P25, P50, P75 of COC distribution); (5) sub-group analysis (above/below median total
assets and high carbon intensity industry vs low); and (6) alternate GFI weighting (equal
weights vs PCA weights) (Wintoki et al., 2012; Koenker and Bassett, 1978).

4. Results

4.1 Descriptive Statistics

Descriptive statistics of the entire panel are provided in Table 2 (Baltagi, 2021; Hsiao,
2014). The mean cost of equity (KE = 14.84%) and WACC of 11.42% is commensurable

with other studies done in the context of emerging markets (Ng and Rezaee, 2015) and
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high nominal interest rate environment prevailing in Pakistan (SBP, 2021). The low overall

climate disclosure quality (with mean CRDI 38.42 out of 100) has enough statistical
leverage for estimation (TCFD, 2023; SECP, 2021) due to the broad variation (SD =

22.18). While firms were more comfortable communicating about regulatory and market

transition risks than translating their physical climate exposures, the overall TRD mean

(42.18) is higher than the PRD mean (34.84). The mean GFI of 31.64 indicates that the

green finance market is at the early stage of development in accordance with Khan and

Bhutta (2022) (Khan and Bhutta, 2022).

Table 2 Descriptive Statistics: All Study Variables (n = 165 firms; max. 1,815 firm-year
observations, 2013-2023)

Variable

Panel
Dependent
Variables -
Cost of
Capital

KE - Cost of
Equity (%)

KD - Cost of
Debt (%)

WACC (%)

Panel B:
Climate Risk

Disclosure
Measures

CRDI -
Composite (0-
100)

TRD -

Transition
Risk (0-100)

PRD -
Physical Risk
(0-100)

GCA - Gov.
Accountability
(0-100)

1,802

1,798

1,798

1,815

1,815

1,815

1,815

14.84

8.42

11.42

38.42

42.18

34.84

38.22

13.92

7.88

10.84

36.80

40.40

32.60

36.80

4.88

3.14

3.62

22.18

24.32

21.44

19.88

6.12

2.84

4.18

2.40

0.00

0.00

0.00

2841 0.74  3.62

18.64 0.82 3.84

2284 0.68 3.44

9420 028 2.84

100.00 0.22  2.72

9440 038 292

96.60 0.18  2.68
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Panel (OF
Mediating

and
Moderating
Variables

GFI - Green
Finance Index 1,815 31.64 28.40 1884 120 8240 0.62 3.18
(0-100)

BEEI - Board
Env. Expertise 1,815 28.84 26.20 1642 0.00 8840 044 294
(0-100)

Panel D:

Control
Variables

FS - Ln(Total
Assets)

LEV
Debt/Equity

1,815 9.72  9.64 1.38 6.18 13.62 0.18 2.84

1,808 0.72  0.58 0.62 0.02 3.68 1.84  7.42

ROA (%) 1,802 6.84  5.72 8.44 32.80 0.58  3.88

18.24
TANG 1,802 0.42  0.40 0.18 0.02 0.88 022 272

GROW (%) 1,784 8.42  6.68 18.84 88.40 1.44 782

44.20
Note. SD = standard deviation; Kurt. = excess kurtosis. CRDI = Climate Risk Disclosure Index;

TRD = Transition Risk Disclosure; PRD = Physical Risk Disclosure; GCA = Governance Climate

Accountability; GFI = Green Finance Index; BEEI = Board Environmental Expertise Index; KE =

cost of equity; KD = cost of debt; WACC = weighted average cost of capital; FS = firm size; LEV
= leverage; ROA = return on assets; TANG = asset tangibility; GROW = sales growth. All

continuous variables winsorized at 1st and 99th percentiles.
4.2 Correlation Matrix and Multicollinearity Diagnostics

The correlation matrix is generated to further examine the relationship among independent
variables. Pearson correlation is given in table 3 (Hair et al., 2019; Baltagi, 2021). CRDI
shows significant negative correlations with KE (r = -0.42, p < 0.01), KD (r =-0.34, p <
0.01), and WACC (r = -0.39, p < 0.01), providing preliminary bivariate support for Hla-
Hlc (Krueger et al., 2020; Ilhan et al., 2021). The mediation pathway receives bivariate
support as GFI is positively associated with CRDI (r = 0.48, p < 0.01) and is negatively
associated with all three measures of cost of capital (r = -0.31 to -0.38). Furthermore, BEEI
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shows positive correlation with CRDI (r = 0.44) as well as GFI (r = 0.39) in line with the
fact that better governance facilitates both disclosure and green finance access (Shaukat et
al., 2016). The VIF values fall in the range of 1.14 — 2.94, which is below the threshold

value 5, indicating that there is no problematic multicollinearity (Hair et al., 2019).

Table 3 Pearson Correlation Matrix and VIF Statistics (n = 1,815 firm-year observations)

a @@ (a1 Me
) 2) an

@ DS 6 D O O

2) 68 1.0 84 3.1
KD  ** 0 2 4
(3)
92 84 1.0 1. 3.6
WA -
¥ xx 2 2
cC
4 } i -
) 1.0 38 22, 1.
CRD .42 34 239
0 2 18 82
I ko skk ko
Gy 84 10 4. 24 1.
38 30 35
TRD ) 18 32 94

ksk koK ksk

(6) 82 68 1.0 34, 21, 1.
36 28 33
PRD w6 kk () 84 44 88

K3k kk K3k

(7) 78 .64 .62 1.0 38. 19. 1.
34 26 31
GCA S B B N 22 88 76

3k kK 3k

(8) 48 44 42 46 1.0 31. 18. 2.
38 31 .36
GFI Rk e ek () 64 84 34

k3k kK sk
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© - - -

44 40 38 42 39 1.0 28. 16, 2.
BEE .28 22 .26
I sk kek sk
10y 36 32 30 34 28 24 10 97 13 1.
18 .14 17
ksk kk ksk
(1) 24 28 26 08 10 0.7 0.6 1.
12 .10 11 .09 .14 .16
LEV #% %% ) 2 2 @
kk % * % kk skk
12) 28 24 22 26 32 28 A8 1. 68 84 I
22 24 23 18
kok skk kok skk

Note. ** p <0.01; * p <0.05 (two-tailed). VIF = Variance Inflation Factor (from baseline
regression). VIF "--" for dependent variables. All VIFs <5 confirm absence of problematic
multicollinearity (Hair et al., 2019). KE = cost of equity; KD = cost of debt; WACC = weighted
average cost of capital; CRDI = Climate Risk Disclosure Index; TRD = Transition Risk Disclosure;
PRD = Physical Risk Disclosure; GCA = Governance Climate Accountability; GFI = Green
Finance Index; BEEI = Board Environmental Expertise Index; FS = firm size; LEV = leverage;

ROA = return on assets.
4.3 Panel Diagnostic Test Results

In terms of Hausman test, the results suggest that the fixed effects estimator is preferred
over the random effects: chi-sq = 88.42, p value < 0.001, which strongly rejects the null
hypothesis, thereby suggesting the use of fixed effects estimator. The Pesaran (2004) CD
test also supports cross sectional dependence (CD = 14.82, p<0.01) resulting in the
application of Driscoll-Kraay HAC standard errors for baseline FE models (Pesaran, 2004;
Driscoll-Kraay, 1998). Serial autocorrelation is confirmed by Wooldridge (2002) test while
heteroscedasticity is verified by Breusch-Pagan (1980) test and both are corrected using the
HAC errors and System GMM (Wooldridge, 2002; Blundell and Bond, 1998). Unit root
tests (Im-Pesaran-Shin 2003 and Levin-Lin-Chu 2002) show the presence of stationarity at

levels for all variables measured in continuous time (all p < 0.001) (Im et al., 2003; Levin
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et al., 2002). GMM validity tests have been passed: all AR(2) and Sargan-Hansen p-values
>(.05 for all specifications (Arellano and Bond, 1991; Roodman, 2009).

4.4 Baseline Fixed Effects and System GMM Results (H1a-Hl1c)

Results of two-way FE regression (Driscoll-Kraay HAC standard errors) and System
GMM results for Hla-H1c (Baltagi, 2021; Blundell and Bond, 1998) are provided in Table
4. CRDI is negatively and significantly associated with KE (FE: b =-0.187, SE = 0.042, p
<0.001; GMM: b =-0.168, p < 0.001), KD (FE: b = -0.142, SE = 0.034, p < 0.001), and
WACC (FE: b = -0.168, SE = 0.038, p < 0.001), fully supporting Hla, Hlb, and Hlc
(Krueger et al., 2020; Ilhan et al., 2021). The economic significance matters too: a 1SD rise
in CRDI (UBS increases by 22.18 points) leads to a 0.187 SD decrease in cost of equity,
which is about 91 basis points at sample means; a capital cost saving big enough to be
deemed economically meaningful for listed companies (Ng and Rezaee, 2015). Further
endogeneity correction exercises have yielded consistent results with GMM coefficients
that are always significant, implying that results are not simply driven by reverse causality
(Wintoki et al., 2012). AR(2) test p-values (0.384-0.442) and Sargan-Hansen p-values
(0.618-0.682) confirm GMM validity (Roodman, 2009).

Table 4 Fixed Effects and System GMM Results: Climate Risk Disclosure and Cost of Capital
(Hla-Hlc)

Variabl | M1: KE M2: KD ' M4: KE M5: KD
e (FE) (FE) (GMM)  (GMM)

Key

Explana

tory
Variabl

(¢

L.COC
0.208%**(  (0.274%%%(  (.284%%*(

(Lagged
=8 0.044) 0.040) 0.042)

DV)
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CRDI

GFI

BEEI

Control
Variabl
es (all
include
d)

FS

(Firm
Size)
LEV
(Levera

ge)

ROA

TANG
(Tangibi
lity)
GROW

(Sales
Growth)

0.187%%%(
0.042)

0.124%%*(
0.032)

0.084%*(0.
028)

b  (SE)

reported

0.184%**(
0.044)

0.224%%(
0.052)

0.142%%%(
0.034)

0.068*(0.0
32)

0.084%**(
0.022)

0.142%%*(
0.034)

0.098%*(
0.026)

0.068%*(0.
022)

b (1))

reported

0.138%*%(
0.034)

0.188%%(
0.042)

0.118%%%(
0.028)

0.054*(0.0
26)

0.062%**(
0.018)

0.168%**(
0.038)

0.114%%%(
0.029)

0.078%%%(
0.025)

b (SE)

reported

0.164%*%(
0.040)

0.208%(
0.048)

0.132%%*(
0.031)

0.062*(0.0
29)

0.074%%*(
0.020)

0.168%**(
0.040)

0.108%***(
0.030)

0.072%*(0.
027)

b (SE)

reported

0.162%**(
0.042)

0.198%(
0.050)

0.128%**(
0.033)

0.060*(0.0
30)

0.074%%*(
0.021)

0.128%%*(
0.032)

0.086%(
0.024)

0.058%*(0.
021)

b (SE)

reported

0.122%%*(
0.032)

0.164%*%(
0.040)

0.106%**(
0.026)

0.048*(0.0
24)

0.054%%*(
0.017)

0.151%%*(
0.036)

0.099%%*(
0.027)

0.066**(0.
024)

b (SE)

reported

0.146%%%(
0.038)

0.184%%%(
0.046)

0.118%%%(
0.029)

0.055%(0.0
27)

0.066%**(
0.019)
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Model
Fit

Statistic

S
Firm FE
Year FE

Observa

tions

No. of
Firms

R2
(within)
F-
statistic
AR(2)
p-value
Sargan-
Hansen

p

No. of

Instrume

nts

Yes

Yes

1,802

165

0.448

68.42%%*

Yes

Yes

1,798

165

0.388

58.84%#:*

Yes

Yes

1,798

165

0.424

64.22%%*

Yes

Yes

1,802

165

0.402

0.682

36

Yes

Yes

1,798

165

0.384

0.618

36

Yes

Yes

1,798

165

0.442

0.648

36

Note. ¥** p <0.001; ** p <0.01; * p <0.05 (two-tailed). Standardized beta coefficients with

Driscoll-Kraay HAC standard errors in parentheses for FE models; two-step System GMM
(Blundell and Bond, 1998) with Windmeijer (2005) corrected SE for GMM models. KE = cost of
equity; KD = cost of debt; WACC = weighted average cost of capital; L.COC = one-period lagged

DV (GMM only). AR(2) null: no second-order autocorrelation (p > 0.05 = valid). Sargan-Hansen
null: instruments exogenous (p > 0.05 = valid). Hla, H1b, Hlc: ALL SUPPORTED.
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4.5 Mediation Analysis: Green Finance as Mediator (H2)

The PROCESS Model 4 mediation results (5,000 BCa bootstrap iterations) for testing of
H2a and H2b are presented in Table 5 (Hayes, 2018; Preacher and Hayes, 2008). Path a
(CRDI to GFI) is significant (b = 0.284, SE = 0.042, p < 0.001), as indicated by Flammer
(2021) that higher disclosure quality leads to higher green finance engagement. However,
the result shows that path b (GFI to KE, controlling with CRDI) is significant (b = -0.268,
SE = 0.044, p < 0.001), which supports the findings of Tang and Zhang (2020) that green
finance decreases the cost of equity. The direct effect of CRDI on KE after GFI inclusion
(c-prime = -0.115, p = 0.002) is smaller than the total effect (c = -0.187); this suggests that
it is partially mediated (Baron and Kenny, 1986; Hayes, 2018). Importantly, the
bootstrapped indirect effect does not include zero (-0.072; BCa 95% CI [-0.118, -0.031]),
indicating that the effect was significant and that the partial mediation was indeed
supported (H2a; Preacher and Hayes, 2008). For H2b (CRDI to WACC mediated by GFI),
the indirect effect is -0.068 (BCa 95% CI [-0.112, -0.028]), also excluding zero, supporting
H2b (Hayes, 2018). This suggests an indirect-to-total effect ratio of about 38.5%, meaning
that more that 38% of the relationship between CRDI and the cost of capital goes through

green finance mechanisms.

Table 5 Mediation Results: PROCESS Model 4 - Green Finance as Mediator of CRDI to Cost of
Capital

H2b: CRDI -> GFI >
H2a: CRDI -> GFI -> KE Result
WACC

Path / Effect

Panel A: Path a -
CRDI to GFI
(Mediator)

< <
CRDI to GFI (Patha) 0.284  0.042 0.284  0.042 Sig. [+]
0.001 0.001

Panel B: Paths b and

c-prime

Page 20 of 37 DOI: 10.5281/zenodo.23154732


https://zenodo.org/uploads/23154732

< <

GFI to COC (Path b) -0.268 0.044 -0.242  0.040 Sig. [-]
0.001 0.001
CRDI to COC Direct Partial
-0.115 0.038 0.002  -0.102 0.034 0.004
(c-prime) Med.

Panel C: Indirect
Effect BCa

Bootstrap (5,000

iterations)

CI excludes

Indirect Effect (axb) -0.072 0.022 -- -0.068 0.021 -- "

BCa 95% CI (Lower, [- - [- - H2

Upper) 0.118, 0.031] 0.112, 0.028] = Supported
< <

Total Effect (c) -0.187 0.038 -0.168  0.034 Sig. [-]
0.001 0.001

Indirect/Total ~ Ratio ~40%

38.5%  -- - 40.5% - -- _
(%) mediated

Note. BCa = Bias-Corrected and Accelerated bootstrap; CI = confidence interval. Controls (FS,
LEV, ROA, TANG, GROW, Industry FE, Year FE) included in all equations. Indirect effect CI
excludes zero confirms partial mediation (Hayes, 2018; Preacher and Hayes, 2008). Partial
mediation: c-prime significant but reduced vs. ¢ (Baron and Kenny, 1986). H2a and H2b:
SUPPORTED - partial mediation confirmed (green finance transmits approximately 40% of total
CRDI effect on cost of capital).

4.6 Moderated Mediation: Board Environmental Expertise (H3)

The results of the PROCESS Model 14 moderated meditation are presented in Table 6 to
test H3a and H3b (Hayes, 2018; Preacher et al., 2007). The GFI x BEEI interaction is
negative and significant for WACC (b = -0.074, SE = 0.022, p < 0.001) and KE (b = -
0.082, SE = 0.024, p < 0.001), showing that the effect of the cost-of-capital reduction due
to GFI engagement is stronger when BEEI is higher (Shaukat et al., 2016; Hambrick and
Mason, 1984). The Index of Moderated Mediation is significant for H3a (IMM = -0.024;
BCa 95% CI [-0.041, -0.009]) and H3b (IMM = -0.021; BCa 95% CI [-0.036, -0.008]),
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both CIs excluding zero, confirming genuine moderated mediation and supporting H3a and
H3b (Hayes, 2018; Preacher et al., 2007). From the perspectives of conditional indirect
effects, board environmental expertise is not a "control variable" but an active amplifier of
the CRD-green finance-capital cost reduction pathway, with values being 2.1x greater at
the high BEEI (M+1SD; KE: -0.112) compared to the low BEEI (M-1SD; KE: -0.034)
(Hambrick and Mason, 1984; Hayes, 2018).

Table 6 Moderated Mediation Results: PROCESS Model 14 - Board Environmental Expertise as
Stage-2 Moderator

H3a: CRDI->GFI->KE (mod. | H3b:  CRDI->GFI-
BEEI) >WACC (mod. BEEI)

Path / Effect b SE p ‘ b SE

Panel A: Path a

- CRDI to GFI
(unmoderated
first stage)
CRDI to GFI < <
0.284 0.042 0.284  0.042 [+] Sig.
(Path a) 0.001 0.001

Panel B:
Second Stage -

GFI, BEEI,
GFI x BEEI to
COoC
CRDI Direct (c- - - Partial
0.036  0.002 0.032  0.003
prime) 0.112 0.098 med.
- < - <
GFI (Path b) 0.042 0.038 [-] Sig.
0.254 0.001  0.228 0.001
BEEI (main - -
0.024 0.003 0.022 0.004 [-]Sig.
effect) 0.072 0.064
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GFI x BEEI - < - < Key
0.024 0.022
(interaction) 0.082 0.001  0.074 0.001  Mod. [-]

Panel C:

Conditional
Indirect Effects

at Values of

BEEI (BCa
Bootstrap,
5,000)
BEEI = M-1SD - [- - - [- -
Smaller
(Low Expertise) 0.034 0.058, 0.012] 0.030 0.052, 0.010]
BEEI = M [ |
(Mean Moderate
) 0.072 0.118, 0.031] 0.064 0.108, 0.026]
Expertise)
BEEI = M+1SD - [- - - [- - Largest

(High Expertise) 0.112  0.168, 0.061] 0.098 0.152, 0.048] (2.1x)

IMM (Index of [- [- CI
- BCa - BCa

Moderated 0.041,- 0.036,- excludes
0.024 CI: 0.021 CI

Mediation) 0.009] 0.008] 0[]

Note. BCa = Bias-Corrected Accelerated bootstrap CI. GFI and BEEI mean-centered before
interaction (Aiken and West, 1991). Controls: FS, LEV, ROA, TANG, GROW, Industry FE, Year
FE included. IMM = Index of Moderated Mediation = al x interaction coefficient; CI excluding

zero confirms moderated mediation (Hayes, 2018). High-BEEI firms achieve 2.1x larger

conditional indirect COC reductions vs. low-BEEI firms. H3a and H3b: SUPPORTED.
4.7 Transition vs. Physical Risk Disclosure (H4)

Table 7 reports the disaggregated CRDI sub-score regressions which test H4 (Krueger et
al., 2020; TCFD, 2023). Transition Risk Disclosure (TRD) exerts significantly stronger
negative effects on KE (b = -0.214, p < 0.001) than Physical Risk Disclosure (PRD: b = -
0.156, p < 0.001; Suest difference chi-sq = 5.84, p = 0.016) (Ilhan et al., 2021; Choi et al.,
2020). Similarly for WACC, TRD (b = -0.198) significantly exceeds PRD (b = -0.144;
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difference p = 0.021) (TCFD, 2023). For intermediate effects, Governance Climate
Accountability (GCA) shows intermediate effect (KE: b = -0.182) (GRI, 2021). The
findings support H4 that, with the failure to report on physical hazards, the PSX capital
market is placing greater emphasis on transparency over regulatory or transition risks,
which will likely come to fruition within the short term due to the more directly obvious
earnings impact on exposure to energy transition policies than on the more dated and

complex scenario modeling of physical risks (Ilhan et al., 2021; IPCC, 2023).

Table 7 Disaggregated CRDI Sub-Score Analysis: Transition vs. Physical Risk Disclosure Effects
on Cost of Capital (H4)

DV: KE (Cost of Equity) DV: WACC

Disclosure

Dimension

TRD -

Transition - < - <

Risk 02140 008 g001  gqogrex 004 g9  Ref
Disclosure

PRD -

. . - < - < 0.016* <
Physical Risk g sgun 0042 0091 o144 0038 0001 TRD
Disclosure
gcht- S0% - 0.044 ) 0.040 0.168 vs.

mate 0182k 0.001  0.166%** - 0.001 TRD
Accountability
CRDI < -
Composite o omsss | 0.042 o owss  0.038 -
(full index) 0.187 0.001 0.168 0.001
TRD VvS.
PRD: H4
Difference -0.058 0.024 0.016 -0.054 0.022 0.021 Sy
(Suest)

Note. ¥** p < 0.001; * p <0.05. Each sub-score model estimated separately with full controls (FS,
LEV, ROA, TANG, GROW, Firm FE, Year FE) and Driscoll-Kraay HAC standard errors. Suest =
Seemingly Unrelated Estimation coefficient equality test (StataCorp, 2023). TRD vs. PRD
coefficient difference for KE: Suest chi-sq = 5.84, p =0.016. TRD vs. PRD for WACC: Suest chi-
sq =5.18, p =0.021. GCA vs. TRD not significantly different (p = 0.168). H4: SUPPORTED -
Transition risk disclosure exerts significantly stronger capital cost reduction effects than physical

risk disclosure.
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4.8 Robustness Checks and Hypothesis Summary

The main results of this study withstand six robustness checks (Wintoki et al., 2012;
Koenker and Bassett, 1978). First, the equity return proxy (EPS-based equity return) and
credit spread proxy (eps-based debt cost) for alternative COC measures give consistent
negative CRDI coefficients (b = -0.162 to -0.201, all p < 0.001) (Ng and Rezaee, 2015).
Second, 2SLS with external instrument shows the causality direction from Pakistan ESG
regulatory milestone index to KE as CRDI coefficient is negative at -0.174 (p < 0.001)
(Imbens and Wooldridge, 2009). Third, the CRDI effects are consistently negative across
the entire distribution of the costs of equity by use of quantile regression (P25/P50/P75)
(Koenker and Bassett, 1978). Fourth, using equal weight (rather than PCA) in GFI results
in consistent meditations results (indirect effect = -0.068; CI [-0.112, -0.028]) (OECD,
2008). Finally, firm size sub-groups verify the negative impact of CRDI for both small-cap
and large-cap PSX stocks, but with larger effects for the larger group (b = -0.214) as
compared to the smaller group (b = -0.158) (Drempetic et al., 2020). Sixth, high-carbon-
intensity industries (cement, energy, chemicals) have much stronger CRDI-COC
relationships, which align with high investor interest in transition risk in these carbon-

intensive industries (Krueger et al., 2020; IPCC, 2023).

Table 8 Consolidated Hypothesis Testing Summary

Statement | Method Key. . p/CIl Direction  Decision
Statistic
CRDI
reduces IF1E) + b=-0.187
Hla cost of System (FE); -0.168 <0.001 [-] Sup. Supported
equity GMM (GMM)
(KE)
CRDI FE + b=-0.142
reduces
Hlb cost of System (FE); -0.128 <0.001  [-] Sup. Supported
MM MM
debt (KD) G (GMM)
CRDI FE + b=-0.168
Hlc reduces System (FE); -0.151 <0.001 [-] Sup. Supported
WACC GMM (GMM)
H2a GFI PROCESS Indirect=- CI[- Partial Supported
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mediates M4; BCa 0.072; 0.118,- med.
CRDI to 5,000 Total=-0.187 0.031]
KE
r?lzzliates PROCESS Indirect=- CI[- Partial
H2b CRDI o M4; BCa 0.068; 0.112,- med Supported
WACC 5,000 Total=-0.168 0.028]
BEEI
Iggfemes PROCESS g\gl;f:' CI[-
H3a . MI14; BCa .~ 0.041,- Pos.mod. Supported
mediated 5.000 GFIXxBEEI=- 0.009]
CRDI- ’ 0.082%** '
>KE
BEEI
Iggfemes PROCESS %2/[1: CI[-
H3b . MI14; BCa __ ° 0.036,- Pos.mod. Supported
mediated 5.000 GFIxBEEI=- 0.008]
CRDI- ’ 0.074%*** )
>WACC
TRD >
TRD: -0.214 .
pa  TRD Suest sub-— 0 " ppp: - P 1RDoPRD  Supported
effect on score DiD 0.156 p=0.016
CcocC ’

Note. *** p <0.001; FE = Two-way Fixed Effects with Driscoll-Kraay HAC SE; GMM = System
GMM (Blundell and Bond, 1998); BCa = Bias-Corrected Accelerated bootstrap (5,000 iterations);
IMM = Index of Moderated Mediation; CI = 95% BCa confidence interval; CRDI = Climate Risk
Disclosure Index; GFI = Green Finance Index; BEEI = Board Environmental Expertise Index; TRD
= Transition Risk Disclosure; PRD = Physical Risk Disclosure; KE = cost of equity; WACC =
weighted average cost of capital. All eight hypotheses fully supported.

5. Discussion

5.1 Climate Risk Disclosure and Cost of Capital Reduction

The confirmation of Hla—Hlc in both fixed effects and System GMM specifications —
along with the significance of CRDI coefficients in the post-dynamic panel endogeneity
correction — provides the first evidence in Pakistan that good climate risk disclosure lowers
cost of equity (-0.187), cost of debt (-0.142), and WACC (-0.168) (Krueger et al., 2020;

Ilhan et al., 2021; Ng and Rezaee, 2015). The economic implications are significant, as a 1
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standard deviation increase in CRDI (+22.18 points) results in about 91 basis point
reduction in cost of equity at sample means, which is not insignificant and has a significant
impact on capital cost saving for most PSX firms that can exceed the annual cost of SBP
SFF compliance (SBP, 2021; SECP, 2021). The dominant explanation is based on the
Information Asymmetry Theory: TCFD-aligned disclosure addresses the information gap
between PSX management and external capital providers, quantifying regulatory exposure,
physical hazard scenarios, and governance accountability mechanisms that investors are
not able to verify (Akerlof, 1970; Myers and Majluf, 1984). Because investors in PSX have
even less context in climate disclosure in regards to information asymmetry, the magnitude
of the effect is likely larger than for developed markets. This is consistent with the findings
of Ng and Rezaee (2015): They report that sustainability performance-cost of equity
relationships were stronger in lower transparency market environments (Ng and Rezaee,

2015).
5.2 Green Finance as Value-Transmitting Mediator

The partial mediation result — green finance accounting for about 40% of the effects
between CRDI and the cost of capital — offers the first emerging-market panel evidence of
such a sequential capital cost reduction mechanism, green finance (Flammer, 2021; Tang
and Zhang, 2020). The mechanism of mediation is based on Signaling Theory: high-CRDI
firms may access green financial instruments at preferential terms (sustainable loan step-
down covenants, green bond certification), thereby facing lower financing costs, and they
can also access institutional investors with an ESG mandate that boost their demand for the
firms, thereby reducing equity risk premiums (Spence, 1973; Flammer, 2021). The 60%
direct effect, bypassing the mediation of green finance instruments, is truly significant and
stems from other COC reduction paths generated by CRD quality that are independent of
the access to green finance instruments, including stakeholder relationship capital
(Freeman, 1984), regulatory compliance cost saving (Suchman, 1995), and reputational

premium (Suchman, 1995).
5.3 Board Governance as Performance Amplifier

The moderated mediation results — that high-BEEI firms result in 2.1 times larger

conditional indirect cost reductions (H3a/H3b supported) — support the centrality of
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governance quality in turning sustainability commitments into improved financial
performance (Hambrick and Mason, 1984; Jensen and Meckling, 1976). This governance
amplification is in line with predictions of the Agency Theory: that environmentally
knowledgeable boards are able to credibly commit to comply with green finance
covenants, which reduces the uncertainty of lenders while amplifying the credit risk
reduction premium in sustainable loan instruments (Jensen and Meckling, 1976; Shaukat et
al., 2016). The finding not only contributes to the literature on the climate finance domain
but also to the upper echelons theory (Hambrick and Mason, 1984), showing that it is not
generic board quality but the board's cognitive capabilities specifically relevant for
environmental sustainability that matter for financial efficiency of green capital market

engagement.
5.4 Transition Risk Premium and Disclosure Prioritization

The higher level of the capital cost reduction effect of TRD relative to PRD shows a
unique aspect of PSX investor climate risk pricing (TCFD, 2023; Ilhan et al., 2021). SBP's
Sustainable Finance Framework and SECP's ESG guidance also provide explicit regulatory
transition risk incentives for investors and have started to consider these in equity
valuation, while Pakistani investors seem to be more concerned about the exposure to near-
term climate regulatory and market transition risks such as carbon pricing plans, energy
transition mandates, and stranded asset risk in fossil fuel segments (SBP, 2021; SECP,
2021). This discovery has significant implications for disclosure strategy; PSX firms
aiming to reap the highest benefits from their disclosure investment in the form of lower
cost of capital should prioritize disclosure quality over generic physical risk narrative
disclosure, such as Scope 1-3 emissions targets and low carbon technology roadmap

disclosure (TCFD, 2023 and Krueger et al., 2020).

6. Conclusion, Implications, Limitations, and Future Research

6.1 Conclusion

This study is the first empirical one that indicates the quality of climate risk disclosure
significantly lowers the cost of equity, cost of debt and WACC of PSX-listed non-financial
firms, and green finance acts as a partial mediator between the aforementioned

relationships and board environmental expertise significantly strengthens the green
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finance-cost of capital reduction pathway (TCFD, 2023; Blundell and Bond, 1998; Hayes,
2018). An endogeneity correction technique, System GMM, is used along with an eight-
hypothesis empirical work on climate disclosure and capital costs, which provides the most
comprehensive evidence of all time on such link in Pakistan's emerging Islamic capital
market (Baltagi, 2021; Khan and Bhutta, 2022). The four original contributions are: (1)
CRDI for PSX non-financial firms disaggregating transition risk (TRD), physical risk
(PRD), and governance accountability (GCA); with the impact of TRD being the most
significant in reducing the cost of capital, (2) the CRD-COC relationship mediated through
green finance, with approximately 40% of the mediation effects in the existing literature
being existing emerging market panel evidence, (3) impacts of TRD and PRD on reducing
the CRD-COC relationship is amplified by 2.1x when boards are most vs. least informed in
the field of the environment, (4) first System GMM panel analysis of the causal
relationship between CRD-COC in the context of Pakistan.

6.2 Policy and Managerial Implications

The empirical evidence of important and economically meaningful cost-of-capital savings
for high-CRDI firms gives strong justification for progressing beyond voluntary guidance
provided by SECP in the form of ESG guidelines and towards mandatory TCFD-aligned
climate risk disclosure for PSX-listed firms with a phased implementation, including the
KSE-100 index (SECP, 2021; Khan and Bhutta, 2022). According to the evidence of green
finance mediation, the SBP's Sustainable Finance Framework (SFF) should be extended to
non-financial corporates (NFCs) listed on the PSX, as this will allow for more bankable
sustainable financing on preferential rates from SBP (SBP, 2021). The moderated
mediation evidence provides an unambiguous strategic message to corporate boards and
management: investing in the environmental expertise of the board (for instance,
appointing specialist directors, providing environmental governance training, and by
establishing a dedicated environment committee) yields tangible capital market returns, by
intensifying the cost-of-capital premium that is associated with green finance engagement
(Hambrick and Mason, 1984; Shaukat et al., 2016). The transition risk disclosure premium
(H4) also suggests that PSX companies should adopt detailed TRD, including scope 1-3
targets, energy transition roadmaps, and carbon pricing sensitivity analysis, as their top

priority for capital cost optimization (TCFD, 2023; Krueger et al., 2020).
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6.3 Limitations and Future Research

The limitations and future research in this study are presented. There are seven limitations
acknowledged (COPE, 2019; Saunders et al., 2019). First, the single-country PSX setting
does not allow for cross-market generalizability; extending the sample to some multi-
country panel South Asian or OIC emerging-market panel extensions would test cross-
institutional environment robustness (Baltagi, 2021). Secondly, the measurement of CRDI
is based on GRI-aligned content analysis of self-disclosed reports; satellite-derived
emissions data, and third-party verified TCFD reporting, would provide objective CRD
quality benchmarks (IPCC, 2023; GRI, 2021). Third, some of the data covered are green
finance, which is still limited due to the nascency of the PSX market; once the data of the
corporate green bonds are available after SBP, the mediating mechanisms would be richer
(SBP, 2021). Fourth, cost of equity CAPM estimation relies on the assumption of beta
stability; alternative implied cost of equity models (GLS, OJ) would add a dose of
robustness (Fama and French, 1993). Fifth, the board environmental expertise index is
based on observable qualifications; a survey-based cognitive index of capabilities could
enhance the moderator construct (Hambrick and Mason, 1984). Sixth, the mandatory
disclosure rules, which were implemented by the SECP for 2023 onwards are not
represented in the panel (SECP, 2021). Seventh, the non-inclusion of the financial sector of
PSX due to its separate capital structure norms as well as AAOIFI governance
requirements (Igbal and Mirakhor, 2011) means that, in a sense, the study underestimates

the impact of the financial sector.

Future research directions include multi-country comparison of CRD-COC relationships
across Pakistan, India, Bangladesh, and Sri Lanka (South Asia; (2) event study analysis of
TCFD adoption announcements and stock market reactions on PSX; (3) gender diversity-
CRD interaction analysis exploiting SECP's 2021 female director mandate as a natural
experiment; (4) physical climate risk-COC analysis using satellite climate exposure data
from the ND-GAIN; and (5) development of CRD for Islamic finance, testing whether
Magqasid al-Shariah-focused climate disclosure drives differential capital cost premiums

over conventional TCFD-based disclosure (Mohammed et al., 2015; ND-GAIN, 2023).
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