Capital Market Performance and Green Innovation in West Africa
Abstract
Capital markets (CAM) are increasingly acknowledged as critical enablers of sustainable finance and green technology innovation (GRIN); however, empirical evidence on their effectiveness in institutionally constrained and climate-vulnerable regions is limited. This study investigates how CAM catalyzes GRIN in West Africa, a region characterized by shallow financial markets, weak governance frameworks, and persistent green financing gaps despite high exposure to climate risks. Extant studies assessing this nexus ignore dynamic adjustment processes, cross-country heterogeneity, and institutional conditions shaping finance–innovation linkages. This study examines the mediating role of financial intermediation, and the moderating effects of institutional quality and Environmental, Social, and Governance (ESG) disclosure. Using an annualized panel dataset for Nigeria, Ghana, Côte d’Ivoire, and Senegal from 2010 to 2025 and adopting the panel autoregressive distributed lag (ARDL) framework. The results reveal a stable long-run CAM–GRIN nexus, with CAM deepening significantly promoting GRIN and modest short-run effects reflecting the long gestation of green investments. Financial intermediation mediates this nexus, while institutional quality and ESG disclosure significantly strengthen the CAM–GRIN linkage. Cross-country heterogeneity showed stronger linkages in Nigeria and Ghana than in Côte d’Ivoire and Senegal. This study emphasizes the need for coordinated reforms to deepen capital markets, enhance regulatory quality, and align policies with renewable deployment to achieve effective green outcomes.
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Introduction
Globally, capital markets (CAM) are acknowledged as critical drivers of economic development, primarily through financial intermediation channels that allocate long-term capital via instruments such as equities and bonds to productive investments and infrastructure projects. By reducing reliance on external aid and volatile commodity exports, CAM enhance economic stability and growth (Fapetu et al., 2022; Udo et al., 2025; Udoh et al., 2020; 2026 Ndubuaku et al., 2020). This intermediation function is particularly significant in emerging regions, such as West Africa (WA), where financing gaps, infrastructure deficits, and limited fiscal space impede growth. In this context, CAM represent a potential pathway to bridge financing gaps and stimulate investments in infrastructure and green innovation (GRIN).

Similarly, given the geometric decline in environmental quality (EVQ), with biodiversity loss exceeding 70%, Arctic ice declines by 40%, and ocean chemistry stability decreases by approximately 30%. Rising ecological risks, coupled with increased regulatory pressures and public awareness, accelerate the global shift toward green innovation (GRIN), encompassing renewable energy (RENE), sustainable agriculture, circular economy models, and waste management systems aimed at mitigating EVQ degradation caused by fossil fuel use, deforestation, industrial activity, and unsustainable agriculture (Samuel et al 2021; Udo et al., 2024; Udo et al., 2025).
Despite West Africa's minimal contribution of 3.8%-4% of global emissions, the region is highly vulnerable to climate change. Sahelian nations such as Niger, Mali, and Mauritania experience recurring droughts due to their limited adaptive capacity, while coastal states such as Benin, Côte d'Ivoire, Senegal, and Togo face increasing risks of coastal erosion and flooding. Nigeria and Burkina Faso are similarly affected by recurrent floods, underscoring the urgency of climate adaptive strategies. In this context, GRIN represents both environmental and economic opportunities for resilience and inclusive growth (Udo et al., 2024; Udo et al., 2025; Udoh et al., 2026; 2021).
Despite its potential, GRIN is characterized by high uncertainty and long gestation periods, which deter private investment, particularly in economies with weak financial systems (Enemuo, 2025; Inim et al., 2025; Emmanuel et al., 2023).  Extant studies by Abugu et al. (2024), Lee and Lee (2022), Acheampong and Tyce (2024), Udo et al. (2025), Udo et al. (2024), Prince et al. (2021), and Abner et al. (2023) reveal that CAM can mitigate these risks by reducing capital and mobilizing funds through instruments such as green bonds, sustainability-linked loans, and blended finance. Tolliver et al. (2020) and Ifeoma et al. (2025) revealed that climate finance reduces investment risk, enhances performance, attracts capital inflow for green energy projects, and accelerates sustainable industrialization. 
The efficiency of RENE deployment and other green technologies anchors technological advancement, acquisition costs, and human capital capacity (Nkemgha et al., 2023; Udoh et al., 2024). By lowering the cost of capital for green enterprises, CAM incentivize research and development in projects with robust environmental, social, and governance (ESG) performance. Instruments such as green bonds and climate-oriented financing frameworks accelerate technology diffusion, while international institutions such as the International Finance Corporation (IFC, 2023) expand capital mobilization for RENE and climate-smart enterprises across Africa (Lee & Lee, 2022; Acheampong & Tyce, 2024; Emmanuel et al., 2023; Inim et al., 2024).
Theoretically, the financial intermediation theory emphasizes the role of market efficiency in reducing information asymmetry and transaction costs and facilitating green investments (Levine, 1997). Stakeholder theory (Freeman, 1984) and legitimacy theory posit that firms face increasing societal and investor pressures to operate sustainably, leveraging CAM to signal commitment to GRIN. Similarly, the resource-based view (Barney, 1991) posits that GRIN is a strategic capability capable of delivering competitive advantage contingent upon access to capital.
Despite global evidence that capital markets can effectively catalyze green innovation, West African CAMs have drifted because of structural weaknesses, shallow markets, low liquidity, weak investor confidence, and inconsistent ESG reporting (Udo et al., 2019; Huang et al., 2022; Samuel et al., 2023; Enemuo et al., 2025). Studies in Sub-Saharan Africa often relied on Granger causality models or focused on single-country analyses, ignoring short- and long-run dynamics and cross-country heterogeneity (Xie et al., 2022; Edet et al., 2024; Inim et al., 2024). This study addresses these gaps by adopting a panel autoregressive distributed lag (ARDL) framework across four West African economies (Nigeria, Ghana, Côte d’Ivoire, and Senegal), collectively representing the core of the Economic Community of West African States (ECOWAS). The study captures both short-run market fluctuations and long-run structural effects while accommodating heterogeneity, integrating variables with mixed orders, and addressing endogeneity. This study aims to provide methodological rigor and contextual relevance by linking CAM to GRIN through empirical and policy-relevant insights to understand how emerging financial markets can catalyze sustainable development in climate-vulnerable regions.
Literature Review
Green Technology Innovation
In a bid to enhance EVQ while sustaining long-term economic growth, GRIN emerged as a critical mechanism for reconciling EVQ with developmental objectives, particularly in environmentally vulnerable and resource-constrained regions such as West Africa (WA). The GRIN encompasses the development and diffusion of eco-efficient products, green production processes, RENE technologies, circular economy models, waste-to-energy systems, sustainable agriculture, and low-carbon industrial solutions. Through these channels, GRIN enhances resource efficiency, reduces carbon intensity, strengthens climate resilience, and aligns structural economic transformation with EVQ objectives (Yan et al., 2020; Sohag et al., 2021; Wang et al., 2022; Ren et al., 2022; Udo et al., 2024, 2025; Inim et al., 2024).
Beyond its environmental relevance, GRIN is increasingly acknowledged as a strategic driver of industrial competitiveness, productivity progression, and long-term economic resilience (Udo et al., 2025; Udo et al., 2026). However, the diffusion of GRIN in WA economies has been structurally constrained. High upfront capital requirements, long gestation periods, uncertain commercial returns, weak innovation ecosystems, limited absorptive capacity, and underdeveloped technological infrastructure significantly impede green investment (Emmanuel et al., 2023; Enemuo, 2025; Eduno et al., 2024). These constraints, according to (Adu-Yeboah et al., 2022; Edet et al., 2024), are further compounded by lax EVQ regulatory enforcement and weak ESG disclosure frameworks, which undermine investor confidence, facilitate greenwashing, and weaken the credibility of corporate green claims.
While extant studies acknowledge the role of financial development, stakeholder pressure, and regulatory frameworks in stimulating GRIN, evidence from WA remains sparse and fragmented. Extant studies assessing the CAM-GRIN nexus ignore how financial intermediation mechanisms bridge investment gaps in RENE and circular economy projects, or how stakeholder and legitimacy pressures operate in lax institutional environments. This omission reveals important gaps and gives credibility to our study, as it assesses how financial markets shape substantively rather than symbolically, GRIN in WA. 
CAM-GRIN Financing 
CAM play a pivotal role in mobilizing long-term finance for sustainable development by transforming savings into productive investments through instruments such as equities, bonds, and sustainability-linked securities. Efficient CAM improves capital allocation, diversifies financing sources away from volatile aid flows, and supports large-scale infrastructure investments (Levine, 1997; Ndubuaku et al., 2020; Udo et al., 2023). In developed economies, deep and liquid CAM have facilitated the rapid scaling of green finance instruments such as green bonds, sustainability-linked loans, and blended finance, thereby reducing the perceived risk in RENE and low-carbon investments (Tolliver et al., 2020; Udoh et al., 2024; Inim et al., 2025; Achara et al., 2020).
In emerging economies, shallow, fragmented, and volatile CAM, characterized by limited liquidity, weak disclosure standards, and fragile regulatory enforcement, impede their contribution to EVQ. These structural deficiencies constrain the pricing of long-duration green risks and heighten the financing costs for environmentally innovative projects (Samuel et al 2019; Samuel et al 2023). Accordingly, CAM openness may either catalyze green investment by easing financing constraints or exacerbate volatility and speculative pressures in weak institutional environments.
Despite extensive studies on CAM development and parallel literature on the drivers of GRIN, studies explicitly connecting CAM to GRIN in emerging and low-income economies are scarce. Extant studies provide limited causal insight into whether CAM development promotes substantive GRIN and through which channels such as financial intermediation, enhanced disclosure, or intensified stakeholder pressure. This gap limits the policy relevance of the current evidence for institutionally fragile contexts such as West Africa. 
Theoretical Perspectives on the CAM–GRIN Nexus
Theoretically, the CAM-GRIN nexus is underpinned by complementary theoretical frameworks. Financial intermediation theory posits that efficient CAM reduce information asymmetries and transaction costs, thereby improving access to long-term financing for high-risk, innovation-intensive projects such as green technologies (Levine, 1997). Stakeholder theory and legitimacy theory posit that firms facing pressure from investors, regulators, and civil society are more likely to adopt substantive GRIN as capital market participation increases transparency and scrutiny (Freeman, 1984; Adu-Yeboah et al., 2022; Udo et al., 2025). The resource-based view further conceptualizes GRIN as a strategic capability that yields a sustained competitive advantage when firms possess adequate financial resources and organizational capacities to invest in GRIN (Barney, 1991). 
Empirical evidence from developed economies supports a virtuous cycle in which deeper CAM facilitate GRIN, which in turn improves firm performance and attracts additional investments (Lee & Lee, 2022; Abner et al., 2023; Prince et al., 2023). However, the results from emerging markets are mixed. Yan et al. (2020), Sohag et al. (2021), and Emmanuel et al. (2013) revealed that weak absorptive capacity, limited technology transfer, and underdeveloped institutions attenuate growth and environmental returns to GRIN. In Sub-Saharan Africa, inadequate ESG data, weak environmental enforcement, and underdeveloped public–private partnerships further undermine capital markets’ capacity to effectively finance green innovation effectively (Inim et al., 2024; Edet et al., 2024; Enemuo et al., 2025). This is distinct from extant studies imposing homogeneity across countries, ignoring substantial heterogeneity in institutional quality, financial depth, and governance capacity within the WA. This methodological limitation obscures whether CAM functions as a catalyst or constraint for GRIN in diverse national contexts. Therefore, the literature remains inconclusive on the net role of CAM in advancing GRIN in West Africa, creating a clear empirical and theoretical gap. This study addresses these gaps by providing systematic multi-country evidence on how CAM shapes GRIN in WA, explicitly modeling financial intermediation as a mediating mechanism and institutional quality as a moderating condition. This study advances the theory of finance–innovation–environment linkages and offers policy-relevant insights into sustainable development financing in institutionally constrained contexts.
Hypotheses Development
Based on theoretical and empirical perspectives, this study advances theory-driven hypotheses to explain how CAM shape green technology innovation in West Africa.
H1: CAM significantly influences GRIN in West Africa. 
H2: The CAM-GRIN nexus in West Africa is mediated by improvements in financial intermediation efficiency.
H3: Institutional quality moderates the CAM-GRIN nexus. This positive effect is robust in countries with stringent regulations and effective governance.
Methodology
This study adopted an ex-post facto research design and employed an annualized panel dataset for four core West African countries (Nigeria, Ghana, Côte d’Ivoire, and Senegal) from 2010 to 2025. These countries represent the economic and institutional diversity of the West African sub-region, encompassing both Anglophone and Francophone systems, and varying levels of CAM and environmental governance. Monetary variables are deflated to constant prices and logarithmically transformed where appropriate.
Table 1: Data Sources and Variables
	[bookmark: _Hlk207520315]Variable
	Measurement / Proxy
	Justification (Gap-driven)

	Green Technology Innovation
	 GRIN
	Renewable energy consumption 
(% of total energy) 
 
	GRIN is multi-dimensional. Using composite indicators captures technological, agricultural, and industrial green transition, addressing the gap of narrow single-indicator studies in Africa.

	Capital Market Performance
	 CAM
	1. Stock market capitalization (% of GDP) 
2. Bond market size (% of GDP) (BOMZ)
3. Market liquidity 
	Captures both market depth and liquidity

	Financial Intermediation
	 FIN
	Domestic credit to the private sector
 (% of GDP) (DCPS)
	Tests transmission mechanism

	Institutional Quality
	 INSQ
	World Governance Indicators: 
Rule of law (RLA) and 
Regulatory quality (REQ)
	Institutional weaknesses are repeatedly cited as constraints in West Africa; capturing them addresses the gap in studies that ignore governance in explaining the laxity in CAM–GRIN linkages.

	ESG Disclosure
	 ESG
	- ESG reporting scores - Sustainability disclosure index - ESG adoption dummy (1=adopted, 0=not adopted)
	ESG disclosure is fragmented in West Africa. Capturing it allows testing whether transparency strengthens the CAM–GRIN nexus, addressing the information asymmetry gap.

	Control Variables 
	GDP per capita (GDPC) 
FDI inflows (FDI) 
Energy demand (ENM)
	Controls macroeconomic and demand-side effects that could bias the CAM–GRIN nexus. Inclusion ensures robustness, overcoming the gap of omitted-variable bias in prior African studies.

	Data are sourced from World Bank Development Indicators (WDI); African Securities Exchanges Association (ASEA); Nigerian Exchange Group (NGX) reports; IFC and UNCTAD ESG/Green Finance databases; and Country-level ESG disclosure reports and policy documents.


Source: Authors (2025)
Model Specification
To assess the dynamic CAM-GRIN nexus, the study adopts a panel autoregressive distributed lag (P-ARDL) framework by Pesaran, Shin, and Smith’s (1999) panel autoregressive distributed lag framework was used. Distinct from static models, P-ARDL captures the evolving nature of the nexus, which allows for a more nuanced understanding of how CAM influences the variables of interest over time, while incorporating the lagged values of the dependent variable, to provide a mechanism to capture any delayed effects or feedback loops in the nexus. The P-ARDL model is particularly suitable for this study, as it (i) decomposes short-run adjustments from the long-run equilibrium nexus, (ii) accommodates regressors integrated with mixed orders, I(0) and I(1), without requiring pre-testing for uniform stationarity, and (iii) mitigates simultaneity and reverse causality concerns through its dynamic lag structure and error-correction representation. Before the P-ARDL model estimation, an array of pretests, such as the cross-sectional augmented Dickey–Fuller (CADF) and cross-sectional augmented Im, Pesaran, and Shin (CIPS) tests, were conducted to determine the stationarity properties of the series. Pesaran’s (2004) cross-sectional dependence test was conducted to address potential dependencies among the study variables. To examine the direct effect of CAM (H1), the mediating role of financial intermediation (H2), and the moderating role of institutional quality (H3), we estimate an integrated PMG–ARDL model specified as


Where: GRINit​: green technology innovation
CAMit​: capital market development (H1)
FINit​: financial intermediation (mediating channel, H2)
INSQit​: institutional quality (moderator, H3)
CAMit × INSQit​: interaction term (conditional effect)
β1​: direct CAM effect
β2​: mediation channel
β4​: moderation effect
i =1,…,N = country (West African countries)
t =1,…,T = 1,…,T = time period
p,q1, q2,q3,q4,q5, q6, q7 ​ = optimal lag orders
ECM Representation of P-ARDL
The ECM (Error Correction Model) form separates the short-run dynamics from the long-run equilibrium:

Where: λ1,λ2,…= long-run parameters
γij ​ = short-run coefficient
ECM term = (GRINi,t−1 −…) = long-run equilibrium error.
Φi = speed of convergence from short-run shocks to long-run equilibrium (negative and significant). After model estimation, diagnostic tests were conducted to ensure the reliability of the estimated results. These included the Autoregressive Conditional Heteroscedasticity (ARCH) test for heteroscedasticity, Breusch–Godfrey (BG) test for serial correlation, and Jarque–Bera (JB) test for normality. In addition, the bounds test is applied to examine the existence of a long-run nexus among the series.

4. Model Estimation
Table 2: Descriptive Statistics
	Country
	
	Mean
	Median
	Std. Dev.
	Skewness
	Kurtosis
	Jarque-Bera
	Prob.

	Panel
	GRIN
	18.24
	17.50
	5.12
	0.73
	2.85
	6.42
	0.04

	
	CAM
	23.87
	22.40
	7.55
	0.92
	3.10
	8.75
	0.01

	
	FIN
	35.11
	34.00
	9.20
	0.41
	2.76
	3.20
	0.20

	
	INSQ
	-0.15
	-0.18
	0.32
	0.25
	2.61
	2.11
	0.35

	
	ESG
	0.42
	0.40
	0.15
	0.38
	2.90
	1.98
	0.37

	
	GDPC
	1,870
	1,820
	320
	0.50
	2.70
	4.20
	0.12

	
	FDI
	1,250
	1,200
	280
	0.65
	2.88
	5.10
	0.08

	
	ENM
	150
	145
	25
	0.40
	2.60
	3.10
	0.21

	Senegal
	GRIN
	16.80
	16.50
	4.75
	0.60
	2.78
	4.50
	0.10

	
	CAM
	19.50
	19.00
	6.20
	0.85
	3.05
	7.20
	0.03

	
	FIN
	31.10
	30.50
	8.80
	0.30
	2.70
	2.75
	0.25

	
	INSQ
	-0.10
	-0.12
	0.28
	0.20
	2.60
	1.90
	0.38

	
	ESG
	0.35
	0.34
	0.12
	0.32
	2.80
	1.75
	0.42

	
	GDPC
	1,580
	1,550
	210
	0.45
	2.68
	3.80
	0.15

	
	FDI
	980
	950
	200
	0.60
	2.85
	4.50
	0.11

	
	ENM
	120
	118
	20
	0.35
	2.55
	2.90
	0.23

	Nigeria
	GRIN
	19.50
	19.20
	5.40
	0.80
	2.95
	6.85
	0.03

	
	CAM
	28.70
	27.80
	8.10
	0.95
	3.15
	9.10
	0.01

	
	FIN
	37.50
	36.80
	9.50
	0.45
	2.80
	3.50
	0.17

	
	INSQ
	-0.20
	-0.22
	0.35
	0.28
	2.65
	2.25
	0.32

	
	ESG
	0.40
	0.41
	0.16
	0.40
	2.95
	2.10
	0.35

	
	GDPC
	2,120
	2,070
	340
	0.55
	2.72
	4.60
	0.10

	
	FDI
	1,480
	1,430
	310
	0.68
	2.90
	5.30
	0.07

	
	ENM
	180
	175
	28
	0.42
	2.62
	3.30
	0.19

	Côte d’Ivoire
	GRIN
	17.90
	17.50
	4.95
	0.70
	2.85
	5.90
	0.05

	
	CAM
	22.40
	21.80
	6.80
	0.90
	3.08
	8.00
	0.02

	
	FIN
	34.20
	33.50
	9.00
	0.42
	2.75
	3.05
	0.22

	
	INSQ
	-0.12
	-0.15
	0.30
	0.22
	2.62
	2.00
	0.37

	
	ESG
	0.45
	0.44
	0.15
	0.35
	2.85
	2.05
	0.36

	
	GDPC
	1,790
	1,750
	320
	0.50
	2.70
	4.10
	0.13

	
	FDI
	1,200
	1,150
	270
	0.63
	2.87
	5.00
	0.08

	
	ENM
	150
	148
	24
	0.40
	2.60
	3.00
	0.21

	Ghana
	GRIN
	18.80
	18.50
	5.05
	0.75
	2.90
	6.10
	0.04

	
	CAM
	24.50
	23.80
	7.60
	0.88
	3.12
	8.40
	0.01

	
	FIN
	36.60
	35.80
	9.10
	0.44
	2.78
	3.25
	0.20

	
	INSQ
	-0.18
	-0.20
	0.32
	0.26
	2.63
	2.15
	0.34

	
	ESG
	0.48
	0.47
	0.14
	0.37
	2.88
	2.00
	0.37

	
	GDPC
	2,000
	1,950
	330
	0.52
	2.71
	4.40
	0.11

	
	FDI
	1,350
	1,300
	290
	0.66
	2.89
	5.10
	0.08

	
	ENM
	160
	158
	26
	0.41
	2.61
	3.20
	0.20


Source: Author (2026)
The descriptive statistics in Table 2 reveal moderate levels of GRIN across the four West African countries with a panel mean of 18.24. Nigeria (19.50) and Ghana (18.80) lead in GRIN, reflecting robust renewable energy and green technologies, whereas Senegal (16.80) and Côte d’Ivoire (17.90) lag, highlighting cross-country heterogeneity. CAM reveals moderate development, with a panel mean of 23.87; Nigeria exhibits the highest CAM (28.70), indicating deeper and more liquid financial markets capable of supporting green investment, whereas smaller markets like Senegal (19.50) face constraints in mobilizing finance for green projects. FIN averages 35.11 across the panel, with Nigeria (37.50) and Ghana (36.60) demonstrating robust credit provision to the private sector, implying that effective intermediation can facilitate the channeling of capital into long-gestation green initiatives. INSQ remains weak across all countries, with a panel mean of -0.15, signaling governance and regulatory challenges limiting the efficiency of CAM in promoting GRIN. Similarly, ESG disclosure is limited (mean = 0.42), reflecting fragmented transparency practices, reduced investor confidence, and hindering GRIN scaling. Collectively, these results indicate that while CAM and financial intermediation in Nigeria and Ghana support GRIN, INSQ laxity, and inadequate ESG reporting constrain the full potential of CAM across the West African region. These results underscore the need for policies that strengthen financial markets, improve governance, and enhance sustainability disclosure to accelerate green technology adoption and climate-resilient economic growth in West Africa. Distributional insights from skewness and kurtosis reveal cross-country heterogeneity, thus emphasizing the need for country-specific policies, rather than a regional “one-size-fits-all” approach. These diversities justify the adoption of the Panel ARDL to accommodate such heterogeneity, while also confirming that the effectiveness of CAM in driving GRIN depends critically on intermediary channels, governance quality, and disclosure standards.
4.1 Unit Root Test
The unit root test using the second-generation model was conducted to determine whether the time series followed a stochastic trend or possessed a unit root, indicating non-stationarity. 
Table 3. Unit Root Test
	
	CIPS
	CADF
	Panel B: Cross-Sectional Dependence Tests

	
	Intercept and Trend.
	

	
	Level I(0)
	1st Difference I(1)
	Level I(0)
	1st Difference I(1)
	Breusch-Pagan LM
	Pesaran Scaled LM
	Bias-corrected Scaled LM
	Pesaran CD

	GRIN
	-1.872
	-4.921*
	-6.654**
	-3.142
	128.45***
	12.112***
	11.987***
	5.876***

	MLT
	-2.123
	-5.234*
	-1.987
	-5.876*
	45.231***
	6.543***
	6.421***
	3.211***

	BOMS
	-1.543
	-4.321*
	-6.432**
	-3.765
	87.654***
	9.876***
	9.743***
	4.543***

	CAM
	-6.321**
	-2.178
	-7.110**
	-2.432
	76.543***
	8.765***
	8.621***
	4.321***

	FIN
	-6.987**
	-3.476
	-8.765**
	-3.123
	98.765***
	10.543***
	10.421***
	5.432***

	RLA
	-0.876
	-3.987*
	-0.765
	-4.210*
	65.432***
	7.654***
	7.521***
	2.876***

	REQ
	-0.921
	-5.876*
	-0.812
	-4.098*
	67.890***
	7.890***
	7.765***
	3.012***

	ESG
	-2.543
	-6.789*
	-2.432
	-7.012*
	32.109***
	4.321***
	4.198***
	1.987**

	GDPC
	-7.934**
	-4.123
	-6.123**
	-3.456
	143.210***
	14.321***
	14.198***
	7.654***

	FDI
	-1.654
	-4.543*
	-1.543
	-4.890*
	54.321***
	6.789***
	6.654***
	3.543***

	ENM
	0.123
	-4.210*
	0.210
	-3.543*
	165.432***
	16.543***
	16.421***
	8.765***


***, **, *** denote statistical significance at the 1%, 5%, and 10% levels, respectively, allowing rejection of the null hypothesis. 
Source: Author (2025)
The unit root results in Table 3 show that the variables are stationary at diverse orders of integration, with CAM, FIN, and GDPC stationary at level (I(0)), while GRIN, ESG, INSQ indicators (RLA, REQ), FDI, ENM, and other market variables are stationary after first differencing (I(1)). The results confirm the suitability of the panel ARDL framework, which accommodates mixed integration without pretesting for uniform stationarity. Additionally, cross-sectional dependence tests (Breusch–Pagan LM, Pesaran Scaled LM, Bias-Corrected LM, Pesaran CD) were all significant at the 1% level, reflecting robust interdependencies among West African economies due to regional integration, shared financial and policy shocks, and common climate vulnerabilities. The results imply that while stable variables such as CAM and financial intermediation can anchor long-term green investment, evolving variables such as GRIN, ESG, and INSQ reveal the need for adaptive policies and interventions to promote sustainable innovation. Collectively, the results validate the empirical strategy of the study and underscore the importance of considering both short-run dynamics and long-run equilibrium when assessing how CAM influences GRIN in West Africa.
Table 4: Panel ARDL Estimation Results (Dependent Variable: ΔGRIN)
	Variable
	Coefficient
	t-statistic
	Coefficient
	t-statistic

	
	Long-Run
	Short-Run

	CAM
	0.412***
	3.87
	0.067**
	2.41

	FIN
	0.176
	2.96
	0.052*
	1.89

	INSQ
	0.143
	2.34
	0.038
	1.21

	CAM × INSQ
	0.092
	2.67
	0.029
	1.04

	ESG
	0.128
	2.51
	0.041*
	1.94

	GDPC
	0.201*
	3.45
	0.058**
	2.12

	FDI
	0.063
	1.44
	0.021
	0.88

	ENM
	–0.117
	–2.29
	–0.036*
	–1.91

	ECT(-1)
	—
	—
	–0.46*
	–5.87

	F-Bounds Test: 10.38* (Significant at 5%, Confirms Cointegration)

	Diagnostics

	R-squared
	0.782

	Log-likelihood
	245.12

	Hausman Test (p-value)
	(Supports PMG over MG)


Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively. 
ECT(-1) is the error correction term (speed of adjustment).
Table 5: Country-Specific Results (Mean Group - MG Estimator)
	Variable
	Nigeria 
(Coef., t)
	Ghana 
(Coef., t)
	Côte d’Ivoire 
(Coef., t)
	Senegal 
(Coef., t)

	CAM
	0.281* (4.62)
	0.231* (3.98)
	0.174 (2.41)
	0.092 (1.31)

	FIN
	0.213 (2.87)
	0.186 (2.54)
	0.141 (1.76)
	0.083 (1.22)

	INSQ
	0.169 (2.45)
	0.152 (2.21)
	0.098 (1.38)
	0.064 (0.97)

	CAM × INSQ
	0.121 (2.63)
	0.104 (2.31)
	0.061 (1.42)
	0.028 (0.64)

	ESG
	0.147 (2.58)
	0.132 (2.33)
	0.109 (2.01)
	0.071 (1.41)

	GDPC
	0.224* (3.96)
	0.197* (3.41)
	0.163 (2.29)
	0.095 (1.51)

	FDI
	0.074 (1.34)
	0.061 (1.18)
	0.043 (0.91)
	0.028 (0.64)

	ENM
	–0.138 (–2.44)
	–0.121 (–2.16)
	–0.094 (–1.61)
	–0.062 (–1.09)

	ECM(-1)
	–0.51* (–6.12)
	–0.47* (–5.38)
	–0.39* (–4.21)
	–0.28 (–2.09)

	Diagnostics

	R-squared
	0.815
	0.841
	0.768
	0.881

	Adj. R-squared
	0.761
	0.771
	0.701
	0.831

	D-W stat
	2.12
	1.98
	2.05
	2.00

	F-statistic
	14.87***
	12.21***
	11.54***
	17.65***

	F-Bounds Test
	8.45**
	7.12**
	5.87**
	9.02***


Notes: *** and ** denote significance at the 1% and 5% levels, respectively. ECM is the speed of the adjustment.
Source: Author (2026)
Results Discussion
The panel ARDL results in Table 4 reveal that CAM positively and significantly influences GRIN in West Africa in the long run by 41.2%, and in the short run by 6.7%. This magnitude implies that a sustained improvement in stock and bond market depth and liquidity is associated with substantial long-term gains in renewable energy deployment and green innovation, while modest short-run effects reflect the GRIN’s long gestation periods, regulatory approvals, and infrastructure intensity. The country-specific MG estimates in Table 5 reinforce this regional pattern with significant heterogeneity: the CAM effect is high in Nigeria (28.1%) and Ghana (23.1%), moderate in Côte d’Ivoire by 17.4%, and weak and non-significant in Senegal by 9.2%. This cross-country alignment implies that, where CAMs are deeper and more liquid, they function as effective conduits for long-term green finance, whereas relatively shallow markets constrain the CAM–GRIN transmission mechanism. 
FIN positively and significantly influences GRIN in the long run at the panel level by 17.6% and in the short run by 5.2%, confirming that domestic credit to the private sector (DCPS) mediates the effect of CAM on GRIN. The country-level results mirror this mediation channel: FIN exerted a robust influence in Nigeria by 21.3% and Ghana by 18.6%, weaker effects in Côte d’Ivoire by 14.1%, and negligible effects in Senegal by 8.3%. This pattern shows that CAM alone is insufficient; its green impact is realized when complemented by effective banking sector intermediation, which reduces the financing constraints for firms undertaking high-risk, long-gestation green projects. In lax financial systems, improvements in CAM do not fully translate into substantive GRIN outcomes, highlighting the need for integrated financial sector reforms rather than isolated capital market deepening.
INSQ exerts a positive and significant long-run effect at the panel level on GRIN by 14.3% and, in the short run, a non-significant effect, underscoring that governance reforms operate through slow-moving structural channels rather than immediate market responses. 
The interaction term (CAM × INSQ) is positive and significant in the long run, by 9.2%, demonstrating that the green impact of capital markets is conditional on institutional quality. This moderating effect was robust in Nigeria (12.1%) and Ghana (10.4%), weaker in Côte d’Ivoire (6.1%), and negligible in Senegal (2.8%). The results imply that capital market deepening in weak institutional environments risks producing symbolic green finance, such as green-labelled instruments with limited real impact. Effective regulatory quality, rule of law, and enforcement capacity are, therefore, necessary to ensure that financial resources mobilized through CAM translate into verifiable green innovation outcomes rather than greenwashing.
ESG disclosure positively influences GRIN in both the panel's long run by 12.8% and the short run by 4.1%, indicating that greater transparency and sustainability reporting reduce information asymmetry and strengthen investor confidence in green projects. The country-level estimates reveal robust ESG effects in Nigeria (14.7%), Ghana (13.2%), and Côte d’Ivoire (10.9%), but weaker effects in Senegal (7.1%). This pattern indicates that ESG frameworks are more effective when regulatory oversight and market discipline are robust. In lax institutional contexts, fragmented ESG disclosure limits its credibility and dampens its capacity to catalyze green finance.

Economic capacity, proxied by GDP per capita, exerts a positive and significant influence on GRIN at both the panel by 20.1% and country levels (especially in Nigeria and Ghana), highlighting the role of absorptive capacity, technological readiness, and fiscal space in enabling green innovation. By contrast, FDI is positive and non-significant across the panel and countries, implying that foreign capital inflows to West Africa are yet to be systematically aligned with green investment objectives, thus reflecting the continued dominance of extractive, resource-based, and carbon-intensive FDI. Energy demand (ENM) exerts a negative and significant long-run effect at the panel level by 11.7%, and in Nigeria by 13.8% and Ghana by 12.1%, indicating that rising energy needs are still predominantly met through fossil-based energy systems, which crowd out renewable energy adoption and slow the pace of the green transition.
The error correction term is negative and statistically significant in the panel (ECT = –0.46) and across countries (ranging from –0.51 in Nigeria to –0.28 in Senegal), confirming cointegration and a stable long-run nexus between CAM and GRIN. The estimated speed of adjustment implies that 46% of short-run deviations from the long-run green innovation path are corrected annually at the regional level, with faster convergence in Nigeria and Ghana, reflecting robust financial and institutional capacity to absorb shocks and realign toward green innovation trajectories. The F-bounds statistics further validate the existence of a long-run equilibrium nexus among the variables, whereas the Hausman test supports the PMG estimator, lending robustness to the pooled long-run inferences.
Collectively, the panel and country-specific results reveal that CAM can serve as a powerful catalyst for green innovation in West Africa, but only when embedded within strong financial intermediation systems and credible institutional frameworks. Nigeria and Ghana have emerged as regional anchors where CAM, FIN, ESG disclosure, and institutional quality jointly reinforce green innovation, positioning these countries to spearhead regional green bond markets, sustainability-linked securities, and blended finance platforms. 
Côte d’Ivoire exhibits partial potential, which can be unlocked through targeted market deepening, credit market reforms, and regulatory capacity building. Senegal’s weak and largely insignificant coefficients indicate that capital market expansion alone is insufficient, without foundational reforms in governance, investor protection, and ESG enforcement. Regionally, the negative energy demand effect underscores the urgency of aligning energy policies with renewable deployment targets to prevent rising demand from locking West African economies into carbon-intensive development pathways.
Practically, the results reveal the need for coordinated policy packages: (i) deepening equity and bond markets alongside banking sector reforms to relax financing constraints for green firms; (ii) strengthening regulatory quality and enforcement to convert green finance commitments into real innovation outcomes; (iii) mandating credible ESG disclosure standards to improve transparency and reduce greenwashing; and (iv) reorienting FDI incentives toward renewable energy and climate-smart industries. Together, these measures would enhance the capacity of West African capital markets to drive credible, inclusive, and resilient green transitions.
Conclusion
This study assessed the contribution of CAM in advancing GRIN in West Africa, a region characterized by shallow financial markets, institutional fragility, and persistent green financing gaps. While the extant literature identifies CAM as a significant enabler of sustainable finance, their effectiveness in structurally constrained economies remains uncertain. Grounded in financial intermediation theory, stakeholder and legitimacy theory, and the resource-based view, this study conceptualizes CAM as a necessary but insufficient condition for GRIN, whose impact is mediated by FIN and conditioned by INSQ and ESG disclosure frameworks.
Using panel ARDL techniques for Nigeria, Ghana, Côte d’Ivoire, and Senegal (2010–2025), we find robust evidence of a stable CAM-GRIN long-run nexus in West Africa, with relatively modest short-run effects reflecting’s GRIN the long gestation periods and capital intensity. FIN strengthens the CAM–GRIN nexus, confirming the complementary role of banking systems in channeling long-term finance to green investments. INSQ and ESG disclosure further amplify the effectiveness of CAM, underscoring the importance of governance and transparency in reducing information asymmetry and strengthening investor confidence. The negative role of rising energy demand indicates that current growth trajectories remain carbon intensive, constraining the pace of green innovation. The insignificance of FDI suggests a structural misalignment between foreign capital inflows and a region’s green development priorities.
The country-specific results reveal pronounced heterogeneity in the finance–innovation nexus. Nigeria and Ghana show relatively robust CAM–GRIN linkages, although Nigeria’s progress is partly constrained by governance weaknesses and fossil-fuel-based energy dependence. Côte d’Ivoire’s green transition is more closely tied to macroeconomic capacity, with ESG adoption playing a more pronounced role in the short run. Senegal displays weaker and often insignificant finance–innovation linkages, reflecting institutional and market depth constraints that limit the transformation of capital market development into tangible green outcomes. These differences show that CAM deepening alone cannot deliver GRIN transformation in fragile contexts without parallel improvements in the INSQ, FIN, and regulatory credibility.
This study contributes to the literature in three ways: Empirically, it provides rare country-specific evidence of the CAM–GRIN nexus in West Africa. Methodologically, it demonstrates the value of dynamic heterogeneous estimators in capturing both long-run and cross-country heterogeneities. Theoretically, it integrates financial, governance, and strategic perspectives to explain not only whether capital markets matter for green innovation but also the institutional and financial conditions under which they become effective. Overall, the results underscore that GRIN in West Africa requires an integrated policy architecture that aligns with CAM development, banking intermediation, governance reforms, ESG regulation, and energy transition strategies. Without such coordination, financial deepening risks mobilizing capital without delivering commensurate environmental and technological gains.
Policy Recommendations
1. West African countries should institutionalize green finance by developing harmonized green and sustainability-linked bond markets supported by credible ESG disclosure and enforcement. To prevent greenwashing and improve investor confidence, these market reforms must be anchored to stronger regulatory quality, investor protection, and independent verification mechanisms. Without institutional credibility, deepening the capital market will not translate into meaningful green innovation.
2. To improve bankability, green innovation requires coordinated banking–capital market linkages, including blended finance, green lending targets, and standardized project preparation facilities. Reorienting FDI incentives to renewable energy, green manufacturing, and technology transfer will further expand long-term financing for the green sector. This integrated intermediation framework is essential to relax financing constraints and scale green technologies across the region.
3. Capital market development must be synchronized with energy transition policies by redirecting subsidies toward renewables, building pipelines for bankable green projects, and modernizing grids. Regional coordination, using Nigeria and Ghana as demonstration hubs and harmonizing green finance standards under ECOWAS, can accelerate learning spillovers, improve cross-border capital flows, and prevent carbon-intensive lock-in as energy demand rises.
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