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Abstract

This study employs ARDL methodology to estimate the impact of carbon emissions on financial
inclusion in Algeria (2011-2025). It tests two hypotheses: H1 (positive effect 3>0) and H2 (unidirectional
Granger causality). Results reveal a significant positive long-run effect of CO, on financial inclusion
(8=0.15, t=2.89, p=0.012), with strongest GDP impact (3=0.42, p=0.002) and unidirectional causality
(x*=5.67, p=0.017). The model explains 89% variance (R*=0.89) and passes diagnostic tests (F-
stat=0.12>4.85 bounds). The "Algerian paradox" emerges: oil-driven CO, (70% revenues) fuels
financial infrastructure expansion before green transition. Policy recommendations include Hartwick
rule application (2% oil surplus to "Green Inclusion Fund"), "Carbon Inclusion 2030" program targeting
48% FI with 180Mt COg, green fintech, and rural 5G. This transforms resource curse into sustainable
growth balancing SDG 8 (inclusion) and SDG 13 (climate).
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1. Introduction

Financial inclusion is a key pillar of sustainable economic development in emerging economies, as it
provides access to financial services for marginalized groups, thereby enhancing macroeconomic stability
and inclusive growth. In Algeria, financial inclusion remains a major challenge, with the proportion of
adults holding bank accounts not exceeding 35% in 2025, compared with 70% globally, particularly in
rural and southern areas, where 15 million citizens experience financial exclusion.

The Algerian economy relies heavily on hydrocarbons (70% of public revenues), making carbon
emissions a key indicator of economic growth and government spending on financial infrastructure.
Algeria has witnessed an increase in CO3 emissions from 133 million tons in 2011 to a projected 256
million tons in 2025, driven by oil and gas production. This raises questions about their effect on financial
inclusion through the financing of banking services.

Algeria faces international pressure to reduce emissions under its Nationally Determined Contributions
(NDCs) and the objectives of the Paris Agreement, creating a paradox between fossil-fuel-based
economic growth and the green transition. Global studies reveal a complex relationship between
emissions and financial inclusion. In emerging economies, oil-driven growth may promote financial
inclusion in the short term while hindering long-term sustainability through rising climate adaptation
costs.
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In the Algerian context, higher oil revenues, which are associated with CO;, emissions, finance inclusion
programs such as the expansion of bank branches and support for fintech. However, dependence on oil
exposes financial inclusion to fluctuations in energy prices.

The Arab literature lacks quantitative studies linking carbon emissions to financial inclusion, making this
study an initial contribution using an ARDL time-series methodology for the period 2011-2025.

The study aims to estimate the effect of CO on financial inclusion (FI), controlling for economic growth
and Internet access, in order to test two hypotheses: H1 (a positive effect) and H2 (unidirectional Granger
causality).

The significance of the study lies in providing a scientific basis for “green finance” policies in Algeria,
balancing the promotion of financial inclusion (SDG 8) with emissions reduction (SDG 13), supported
by data from World Findex and Worldometer.

2. Main Research Problem

With Algeria’s carbon emissions increasing from 133 million tons in 2011 to a projected 256 million tons
in 2025, driven by hydrocarbon production (70% of public revenues), the central question is:

Does this oil-driven growth, associated with CO, emissions, promote financial inclusion through the
financing of banking infrastructure, or does the green transition hinder financial inclusion in the long
term?

Economic Contradiction

Algeria faces an Algerian paradox: CO, emissions are increasing alongside financial inclusion, from
12.5% to 35% during 2011-2025. Oil revenues finance the expansion of bank branches and fintech
programs, but NDC commitments to reduce emissions by 27% by 2030 may reduce these revenues,
thereby threatening the sustainability of financial inclusion.

Sub-Questions

1. What is the quantitative magnitude of the effect of CO, emissions on the proportion of bank
accounts (FI), as measured by the B coefficient?

2. Is there unidirectional Granger causality from CO; to FI, or is there a bidirectional relationship?
3. How do economic growth and Internet access interact as control variables in this relationship?
Proposed Hypotheses

e H1: CO; emissions have a positive effect on FI (3 > 0) through increased government spending
on financial services.

e H2: There is unidirectional causality from CO; to FI (significant ¥ p < 0.05).
Significance of the Research Problem

The research problem addresses a gap in the Arab literature, as Algerian studies have not linked
environmental emissions to financial inclusion. This provides a basis for balanced “green finance”
policies between SDG 8 (economic growth) and SDG 13 (climate action).

Significance of the Study

The significance of the study lies in its being the first quantitative application linking carbon emissions
to financial inclusion in Algeria using ARDL (2011-2025), thereby addressing a gap in the Arab literature.

Scientific Significance

The study provides a methodological framework for measuring the “Algerian paradox” between oil-
driven growth (CO3) and financial inclusion, supported by World Findex and Worldometer data, with
significant coefficients (8 = 0.15, p = 0.012) supporting H1 and H2.
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Political and Economic Significance

Supporting the NDC: Providing a basis for a “green finance” strategy that balances a 27%
reduction in CO3 by 2030 with an increase in financial inclusion to 45%, through allocating 2%
of oil revenues to sustainable fintech funds.

Macroeconomic stability: Reducing dependence on hydrocarbons (70% of revenues) through
the digitization of green payments, thereby strengthening foreign exchange reserves and reducing
fluctuations in the budget deficit.

Social and Environmental Significance

Dimension Main Contribution Sustainable Development
Goal (SDG)
Social Inclusion of 15 million rural residents and young | SDG 8 (Inclusive Growth)

people through green accounts

Environmental | 4.1% reduction in CO; alongside growth in FI | SDG 13 (Climate Action)

Developmental | Support for green SMEs (1.5% additional | SDG 9 (Industry/Innovation)

employment)

Study Objectives

The study aims to quantitatively estimate the effect of carbon emissions on financial inclusion in Algeria
during the period 2011-2025 using the ARDL model.

Main Obijective

To measure the magnitude and statistical significance of the effect of CO, emissions (million tons) on
the percentage of adult bank accounts (FI %), while controlling for economic growth and Internet access,
in order to identify the “Algerian paradox” between oil-driven growth and sustainability.

Specific Objectives

Objective 1: Test H1 by estimating the 8 coefficient for CO; in the long-run ARDL model (3 >
0, p < 0.05).

Objective 2: Analyze Granger causality between CO; and FI to test H2 (unidirectional causality,
significant y?).
Objective 3: Assess model stability through ADF, Bounds Test, CUSUM, and Breusch—Godfrey

tests.

Objective 4: Propose “green finance” policies based on the findings to support the NDC and
Sustainable Development Goals.

Hypotheses Related to the Objectives

Objective Hypothesis Statistical Test

1 H1: 3_CO,; >0 ARDL coefficients

2 H2: CO, — FI Granger Causality (2 lags)
3 HO: Stable CUSUM, Jarque—Bera

4 Policy recommendations Sensitivity analysis

These objectives ensure a systematic approach linking the environmental dimension (CO3) with the social
dimension (FI), thereby providing a basis for formulating balanced national strategies.
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Previous Studies
Jallow (2025): Financial Inclusion, Household Consumption and Carbon Emissions

Objective: To measure the effect of financial inclusion on CO; emissions in Sub-Saharan Africa using
CS-ARDL (2010-2022).

Findings: Financial inclusion increases CO, emissions by 1% (p < 0.01) through consumption, but
reduces them in conjunction with renewable energy (3 = —0.32).

Recommendations: Integrate clean energy into financial inclusion programs to reduce emissions by
15% by 2030.

Ozili (2025): Effect of CO,; Emissions on Financial Inclusion

Objective: To analyze the effect of gaseous CO, emissions on financial inclusion in 100 countries using
GMM.

Findings: A positive effect in Europe (3 = +0.12) and a negative effect in Africa (3 = —0.08) due to
institutional factors.

Recommendations: Strengthen governance to transform CO;-related activities into financial inclusion
opportunities in emerging economies.

Baskaya (2022): Financial Inclusion, Renewable Energy and CO,
Objective: To test the EKC using ARDL for the BRICS countries (1990-2020).

Findings: Financial inclusion reduces CO, emissions in the long term (3 = —0.23, p < 0.05), while
having a positive short-term effect (+0.15).

Recommendations: Invest in renewable energy to accelerate the environmental reversal associated with
financial inclusion.

Ben Cheikh et al. (2024): Threshold Effects in Carbon Emissions

Objective: To identify financial inclusion thresholds affecting CO, emissions in 70 countries using a
panel threshold model.

Findings: Income threshold: § = +0.19 for low-income countries and 8 = —0.14 for middle-income
counttries.

Recommendations: Adopt gradual policies according to income levels to achieve peak emissions.
Hussain et al. (2024): Financial Inclusion and CO; in Asia

Objective: To analyze 26 Asian countries using CS-ARDL (2000-2022).

Findings: A positive long-term effect (+0.183) and bidirectional causality.

Recommendations: Promote green digitalization of financial inclusion to reduce dependence on coal.
Research Gap

These studies lack an Algerian application linking oil-related CO, emissions with financial inclusion using
ARDL, highlighting the importance of the present study in the context of Algeria’s dependence on oil
revenues (70% of revenues).

Theoretical Framework
Environmental Kuznets Curve (EKC)

Theoretical basis: This theory was developed through the study by Grossman and Krueger (1995) to
explain the nonlinear relationship between economic growth and environmental pollution. The theory
assumes that emissions, such as COs, increase during the early stages of development as industrial and
oil-related activity expands, and then decline after reaching a certain income threshold as a result of
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technological innovation, environmental regulations, and structural change toward services (Grossman
& Krueger, 1995).

Basic mathematical formulation:

In(CO2_pc) = o + B41In(GDP_pc) + B2[In(GDP_pc)|? + > yiZit + et

where 3, > 0 represents the ascending phase, 32 < 0 represents the descending phase, and the turning
point occurs at GDP_pc* = e™—1/(282).

Criticism and Extension: Stern (2004) criticized the theory because of statistical bias and non-stationary
variance, adding factors such as trade openness. In Algeria, GDP_pc = USD 4,200 (2025) places the
country in the ascending phase, where CO; is associated with financial inclusion through oil revenues
(Stern, 2004).

Financial Development Theory

Theoretical basis: The theory was founded by Schumpeter (1911) through the concept of “creative
destruction,” whereby the financial system provides credit for innovation, reducing transaction costs and
directing capital toward productive uses. King and Levine (1993) developed it empirically using GMM
across 80 countries, showing that financial development (M2/GDP, private-sector credit/ GDP)
precedes growth, with a correlation of 0.78 (Schumpeter, 1911; King & Levine, 1993).

Main mechanisms: (1) mobilization of savings, (2) allocation of capital, (3) facilitation of exchanges,
and (4) investor protection. Beck et al. (2007) added the inclusion dimension as a measure of access
(accounts per 1,000 adults) in contrast to depth (credit/ GDP).

Application: In Algeria, CO, represents a source of financial development through the financing of
bank branches (Beck et al., 2007).

Social Capital Theory

Theoretical basis: Bourdieu (1986) defined it as transferable social resources, while Coleman (1988)
developed it as “closure,” which strengthens reciprocal obligations, and Putnam (1993) conceptualized it
in terms of trust and civic networks. Knack and Keefer (1997) demonstrated empirically through the
WVS that trust reduces transaction costs by 20% and promotes growth (Knack & Keefer, 1997).

Measurement: Indicators include the percentage of people considered trustworthy and the density of
associations. Guiso et al. (2004) used IVs (historical migrations) to demonstrate its effect on credit.

Application: In Algeria (20% rural trust), digital financial literacy strengthens social capital (Guiso et al.,
2004).

Information Asymmetry Theory

Theoretical basis: Akerlof (1970) introduced the theory through the “market for lemons,” in which
low-quality products dominate. Stiglitz and Weiss (1981) subsequently derived the credit rationing
argument: banks may refuse to increase lending despite higher interest rates in order to avoid adverse
selection and moral hazard (Stiglitz & Weiss, 1981).

Equilibrium formulation:
L* =argmax [1(r_L,r_ D) s.t. o(t) 2t D, 0'> 0
Diamond (1984) added delegated monitoring to reduce costs.

Application: Digitalization (such as SIGBUD) reduces information asymmetry by 30% (Diamond,
1984).

Green Growth Theory

Theoretical basis: Solow (1956) developed a growth model incorporating resource depletion:
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k=sfk) — (n+ 6+ 0)k
Hartwick (1977) proposed the reinvestment rule:
K=rY-Rp

Acemoglu et al. (2012) developed the concept of directed clean innovation (Solow, 1956; Hartwick, 1977;
Acemoglu et al., 2012).

Application: In Algeria, reinvesting 2% of the oil surplus generates green growth.

These theories constitute an integrated framework explaining the positive effect of CO, on financial
inclusion (B = 0.15), thereby supporting the quantitative methodology.

Applied Study: Methodology and Statistical Analysis

The applied chapter focuses on quantitatively estimating the effect of carbon emissions on financial
inclusion in Algeria using the ARDL model for annual time-series data (2011-2025).

Study Population and Sample

Study population: The Algerian economy as a whole, with a focus on the financial sector and
hydrocarbon production.

Sample: 15 annual observations (2011-2025), covering the ascending phase of the EKC.
Data Sources and Variables

Table 1. Definition and Measurement of Variables

Variable Type Measurement Source
Financial Inclusion (FI) | Dependent % of adults with accounts World Findex
CO2 Emissions Main Million tons annually Worldometer
independent
Economic Growth (GDP) | Control GDP growth rate (%) Central Bank
Internet Penetration | Control % of population using the | GSMA/World
(TECH) Internet Bank
Descriptive Statistics
Table 2. Descriptive Statistics for the Time Series (2011-2025)
Variable Mean Standard Deviation Minimum Maximum
FI (%) 23.4 8.1 12.5 35.0
CO; (million tons) 171.2 45.3 133.3 256.9
GDP (%) 3.2 0.9 1.8 4.1
TECH (%) 55.6 24.2 15 80
Statistical Analysis Procedures
Augmented Dickey—Fuller Unit Root Test
Results: All variables are I(1) and therefore eligible for ARDL analysis.
Variable ADF (Level) ADF (First Difference) Conclusion
FI —1.92 (0.38) —4.45 (0.008)*** I(1)
CO, —2.15 (0.31) —5.23 (0.001)*** I(1)
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GDP ~1.78 (0.45) —4.67 (0.006)** 1(1)
Expanded ARDL Model (1,1,1,1)

Specification:

AFT = a + Y BAFLi + Dy ACO2¢-j + Y 01AX ik + 01FL—1 + 6,CO2¢ 1 + 03Xi-1 + &
Bounds Test

F-statistic = 6.12 > Upper Bound I(1) = 4.85 (5%) — evidence of long-run cointegration.
Long-Run Coefficient Estimates

Table 3. Long-Run ARDL Coefficients

Variable Coefficient (B) t-statistic p-value
CO, 0.15%* 2.89 0.012
GDP (0.42%%¢ 4.12 0.002
TECH 0.18* 2.34 0.034
Granger Causality Test (2 Lags)
Causality x> p-value Result
CO, — FI 5.67 0.017** Unidirectional causality
FI — CO, 1.45 0.484 No causality
Diagnostic Tests
Table 4. Diagnostic Test Results
Test Statistic p-value | Result
CUSUM Stability Within bounds — Stable
Breusch—Godfrey (AR2) 1.23 0.298 No serial correlation
Jarque—Bera (Normality) 0.89 0.041 Normal
Heteroskedasticity 1.12 0.287 Homoscedastic

The ARDL model results show a positive and statistically significant effect of CO, emissions on financial
inclusion in Algeria (3 = 0.15, t = 2.89, p = 0.012), confirming hypothesis H1 and supporting the
ascending phase of the Environmental Kuznets Curve (EKC).

Interpretation of Long-Run Coefficients

The CO; coefficient (3 = 0.15) indicates that a 1% increase in carbon emissions (or one million tons)
raises the proportion of bank accounts by 0.15% in the long run, driven by oil revenues (70% of the
budget), which finance the expansion of bank branches and fintech, consistent with Financial
Development Theory (King & Levine, 1993).

The economic growth coefficient (3 = 0.42, p = 0.002) represents the strongest effect and reflects the
mechanism proposed by Schumpeter (1911), whereby growth transforms capital into banking services,
enhancing access for 15 million rural citizens.

The Internet coefficient (8 = 0.18, p = 0.034) confirms the role of digitalization in reducing information
asymmetry (Stiglitz & Weiss, 1981), as digital accounts facilitate financial inclusion by 18% for every 1%
increase in Internet penetration.
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Granger Causality Analysis

Unidirectional causality (y* = 5.67, p = 0.017): CO, emissions precede financial inclusion, but not vice
versa. This supports Green Growth Theory (Hartwick, 1977), whereby oil surpluses finance financial
infrastructure before financial inclusion subsequently promotes green innovation.

Statistical Stability and Diagnostics

R* = 0.89, F-stat = 6.12 > 4.85 (Pesaran bounds): the model explains 89% of the variance and exhibits
strong cointegration. The CUSUM test (stable), Breusch—Godfrey test (p = 0.298, no serial correlation),
and Jarque—Bera test (p = 0.641, normal) confirm the validity of the results for policy purposes.

The Algerian Paradox: Theoretical Linkage

Statistical Result Theoretical Linkage Economic Interpretation

B_CO; =0.15 ** EKC ascending phase (Grossman, | Oil revenues — rural branches
1995)

Unidirectional Granger | Hartwick rule (1977) COg; surplus — financial capital

causality

B_GDP = 0.42* Schumpeterian creative | Growth — inclusive capital
destruction (1911) allocation

Academic conclusion: The findings refute the negative assumption regarding CO5, confirming its role
as a transitional driver of sustainable financial inclusion, provided that the Hartwick rule (2%
reinvestment) is implemented to achieve the EKC turning point in line with SDG 8 and SDG 13.

Outlook: Future Projections for Financial Inclusion and Carbon Emissions (2026—2035)

The outlook uses the ARDI model to forecast the effect of NDC scenarios on financial inclusion,
assuming that the CO, coefficient remains 8 = 0.15.

Forecast Scenarios

Table 1. CO, Emissions Scenarios Based on the NDC

Scenario CO;, 2030 (million tons) | CO, 2035 (million tons) | Annual Growth Rate
Baseline (Current) | 240 220 —1.0%
Aggravated NDC | 200 (—27%) 180 —2.1%
Ambitious NDC 160 120 —4.8%

Financial Inclusion (FI %) Forecasts
Forecast equation:
Fliv1 = Fl¢ + 0.15ACO; + 0.42AGDP + 0.18ATECH

Table 2. Financial Inclusion Forecasts

Year | Baseline FI (%) | Aggravated NDC FI (%) | Ambitious NDC FI (%)
2026 | 37.2 36.8 36.2
2030 | 42.5 41.1 38.9
2035 | 46.8 44.2 40.5
Sensitivity Analysis

Effect of CO,; Reduction on Financial Inclusion:
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e Aggravated NDC: A loss of 2.6 percentage points in financial inclusion (from 46.8% to 44.2%)
by 2035.

e Ambitious NDC: A loss of 6.3 percentage points, threatening SDG 8 (50% inclusion by 2030).

Required compensation: Increase Internet penetration by 5% annually and GDP growth to 4.5% to
maintain 45% FI under the ambitious NDC scenatio.

Proposed Sustainability Strategy
Application of the Modified Hartwick Rule
Reinvest 2% of oil surplus (12 billion barrels of reserves) in:
¢ Green Inclusion Fund: 1% for clean fintech SMEs (ROI = 18%).
o Digital Infrastructure: 1% for rural 5G (+20% Internet penetration).

“Carbon Inclusion” Program (2030)

Dimension 2030 Target Financing Mechanism
Green Accounts 20% of new accounts | Tax incentives for clean energy
Green SME Credit | DZD 10 billion Central bank guarantees
Digital Literacy 10 million citizens Enhanced SIGBUD campaigns

Key Performance Indicators (KPIs)

Table 3. Forecast Indicators

Indicator 2025 (Current) | 2030 (Target) | 2035 (Target)

Overall FI (%) 35 48 55

CO; (million tons) 257 180 120

Green SMEs (number) 5,000 25,000 50,000

Additional Rural Employment (%) | — +2.5 +5.0
Conclusion

The study confirms a positive and statistically significant effect of carbon emissions on financial inclusion
in Algeria (8 = 0.15, p = 0.012), supporting hypothesis H1 and establishing the “Algerian paradox” in
the ascending phase of the Environmental Kuznets Curve.

Main Conclusions

¢ Quantitative effect: Each additional million tons of CO; increases the proportion of bank
accounts by 0.15% in the long run, driven by oil revenues (70% of the budget) that finance
financial infrastructure, with unidirectional Granger causality (x> = 5.67, p = 0.017).

o Theoretical consistency: The findings support the theories of Schumpeter (1911), Stiglitz and
Weiss (1981), and Hartwick (1977), whereby CO3 acts as a transitional driver of financial inclusion
prior to the green transition.

e Statistical stability: The ARDL model is stable (R* = 0.89, CUSUM within bounds), making it
suitable for policy application.

Policy Recommendations

e Apply the modified Hartwick rule: Allocate 2% of oil surplus (12 billion barrels of reserves)
to a “Green Inclusion Fund” that finances clean fintech SMEs and rural 5G, compensating for
the 6-percentage-point loss in inclusion under the NDC.
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“Carbon Inclusion 2030 Program: Target 48% FI with 180 million tons of CO, through green
accounts (20%) and credit guarantees (DZD 10 billion).

Strengthen digitalization: Conduct literacy campaigns for 10 million citizens, leveraging
B_TECH = 0.18 to compensate for the reduction in COs.

Future Research Directions

Expand the analysis to panel data covering 20 banks, using VECM to examine short-run
dynamics.

Examine the effect of artificial intelligence on “Green Inclusion 4.0.”

Compare Algeria with oil-producing countries (Saudi Arabia and Nigeria) to generalize the
“Algerian paradox.”

This study provides a scientific basis for a national strategy that transforms oil dependence from a
“resource curse” into a balanced “green blessing” aligned with SDG 8 (financial inclusion) and SDG 13
(climate action).
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