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Abstract

The purpose of this study is to reassess the role of economic
development as a driver of Sustainable Development Goal (SDG)
achievement by  comparing ~ GDP-centric  metrics  with
multidimensional frameworks that incorporate human development,
institutional quality, and environmental sustainability.

Using a balanced panel dataset of 139 countries over the period
2010-2024, this study estimates hierarchical fixed effects models to
quantify the explanatory power of traditional versus expanded
development indicators. Three progressive models were estimated:
a GDP-centric baseline, a human development expanded model, and
a fully specified "Beyond GDP" multidimensional model. System
GMM estimation and alternative dependent variables were
employed as robustness checks.

Results show that while GDP per capita is a significant predictor in
baseline models (f = 4.82, p < 0.001), its effect diminishes
substantially and becomes statistically insignificant (f = 0.92, p =
0.18) once human development (HDI), governance (WGI_Avg), and
renewable energy share are controlled for. The fully specified
multidimensional model explains 83% of the variation in SDG Index
scores—a 25-percentage-point improvement over the GDP-only
baseline (Adjusted R?> = 0.58). Robustness checks using System
GMM and alternative dependent variables confirm these findings.
The study relies on internationally standardized datasets with some
indicators inconsistently reported in low-income countries. The
panel design controls for time-invariant country effects but cannot
fully capture context-specific dynamics. The 2010-2024 window
excludes earlier decades limiting insights into long-term structural
transformations.

The findings provide empirical validation for the UN's "Beyond
GDP" initiative and offer actionable insights for policymakers
seeking to accelerate 2030 Agenda implementation. Governments
should adopt multidimensional dashboards for national planning,
prioritize institutional quality and anti-corruption reforms, and
accelerate green energy transitions with pro-poor design.

This study provides robust empirical evidence that economic growth
alone is neither necessary nor sufficient for SDG achievement;
rather, multidimensional capabilities, particularly human capital,
institutional integrity, and green transitions, are the true drivers of
sustainable progress. The hierarchical modelling approach
demonstrates that multidimensional frameworks do not merely "add
noise" but fundamentally improve explanatory power and policy
relevance.

Keywords: Beyond GDP; Sustainable Development Goals (SDGs);
Economic Development; Human Development Index (HDI);
Governance Quality; Panel Data Analysis; Fixed Effects Model;
Multidimensional Indicators; Green Growth; 2030 Agenda
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1. Introduction

The global pursuit of sustainable development has increasingly revealed the limitations of
conventional economic growth metrics, particularly Gross Domestic Product (GDP), as reliable indicators of
holistic progress toward the Sustainable Development Goals (SDGs) (Aevoae et al. (2026). While GDP
remains a cornerstone for measuring economic output, it fails to capture critical dimensions of human well-
being, environmental sustainability, and social equity all central to the 2030 Agenda. Traditional development
paradigms equate rising GDP with improved living standards, yet evidence suggests that such growth often
comes at the expense of ecological integrity and inclusive welfare, especially in emerging economies (Akdag
(2026).

A traditional usage of economic development indicators focuses on income per capita, industrial
output, and employment rates to gauge national progress (Chin et al. (2026). These metrics are useful for
tracking macroeconomic stability and fiscal capacity, but they cannot adequately reflect whether development
is truly sustainable or aligned with SDG targets such as climate action (SDG 13), reduced inequalities (SDG
10), and life on land (SDG 15). Policymakers often lack a comprehensive framework to relate economic
performance to multidimensional sustainability outcomes, leaving a major flaw in evidence-based decision-
making for long-term resilience Jones (2026). Such a gap makes it more difficult to design interventions that
balance growth with planetary boundaries and social justice, which is crucial for staying in line with the 2030
deadline (D’Adamo et al. (2025).

Therefore, it is now essential to reassess economic development not merely as a driver of GDP
expansion, but as a catalyst for integrated SDG achievement. Recent publications have attempted to address
this issue by proposing “Beyond GDP” frameworks that complement traditional metrics with well-being,
environmental, and governance indicators (Deswal and Deswal (2025). The United Nations Secretary-
General’s High-Level Expert Group on Beyond GDP recently released a global blueprint recommending 31
complementary indicators 15 of which directly map to existing SDG metrics to guide policy beyond narrow
economic accounting. Their findings suggest that while GDP remains necessary, relying on it alone risks an
incomplete picture of progress one where the economy can grow even as critical dimensions of well-being
deteriorate sharply (Igbal et al. (2026).

Subsequently, another research developed a Sustainable Transformation Index (STI) to evaluate how
economic, societal, and environmental pillars collectively predict national sustainability performance across
165 countries. Although the model effectively identifies “decoupling trends” in high-income nations where
growth is separated from environmental degradation it highlights that emerging economies remain trapped in
a “coupling phase,” achieving economic gains at the cost of social equity and environmental governance (Al
Kium et al. (2023), Jabed et al. (2026). Basically, the Beyond GDP movement advocates for redefining
prosperity through three crucial domains:

a) Human Well-being: Includes health, education, subjective life satisfaction, and social capital

reflecting whether people are thriving, not just surviving (Jabed et al. (2026).

b) Environmental Sustainability: Covers carbon emissions, biodiversity loss, resource depletion, and

alignment with planetary boundaries ensuring growth does not compromise ecological systems

(Hoekstra et al. (2026).

c¢) Inclusive Governance: Encompasses rule of law, corruption control, gender equality, and access

to justice foundational for equitable and resilient development (Jansen et al. (2024).

Based on these domains, composite indices and dashboards are computed to provide policymakers
with actionable insights (Arum et al. (2026):

o Sustainable Transformation Index (STI): Aggregates economic, societal, and environmental scores
to rank national sustainability performance.

e Beyond GDP Dashboard: Tracks 31 indicators across well-being, environment, and governance to
complement GDP in policy decisions.

e Green Fiscal Reform Metrics: Measure how taxation, subsidies, and public spending align with SDG
targets and circular economy principles.
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Values above threshold benchmarks indicate favorable sustainability trajectories, whereas values
below signal systemic risks requiring urgent policy correction. To estimate a country’s readiness for SDG
achievement, a Multi-Criteria Decision Analysis (MCDA) can be applied by;

n

SDG Readiness Score = z w; - I
i=1
Where w; represents the weight assigned to each indicator I; based on its relevance to specific SDG
targets.
Hypothetical Example Snapshot of Three-Country Comparison
As an example, we can take three hypothetical countries Alpha (high-income), Beta (middle-income),
and Gamma (low-income) each with different development profiles. The values for their STI sub-scores (out

of 100) are:

Table 1

Snapshot of Three-Country Comparison
Country Economic Score Sgs(l:;_t:l Environmental Score Overall STI
Alpha 85 90 75 83.3
Beta 70 55 40 55.0
Gamma 45 50 60 51.7

From this snapshot:

» Alpha shows strong “decoupling” high economic and societal scores with moderate environmental
performance, indicating room for green innovation.

» Betaisina “coupling phase” robust economic gains (70) achieved at significant xpense to social equity
(55) and environmental governance (40).
¢) Gamma, despite low economic output, demonstrates relatively better environmental stewardship
(60), suggesting potential for leapfrogging via green investments.

Machine learning and econometric modeling can substantially improve the accuracy of SDG progress
predictions by learning from composite indicators like STI and Beyond GDP dashboards. Such improvements
indicate that despite the complexity of sustainable development, redefined economic metrics can still serve as
fundamental and flexible tools for policy guidance ( Ceesay et al. (2026).

1.2 Theoretical Foundations

The theoretical foundation of this study is grounded in the capabilities approach advanced by Sen and
Nussbaum, which defines development as the expansion of human freedoms and capabilities, not merely
economic output. This framework challenges traditional development theory that equates progress with GDP
growth, assuming that rising incomes will automatically translate into improved welfare and environmental
stewardship. The capabilities approach emphasizes that true development requires investments in health,
education, governance, and environmental sustainability—dimensions that GDP alone cannot capture.
Additionally, the study draws on institutional theory, which posits that effective, accountable, and inclusive
institutions are prerequisites for sustainable progress. Governance quality, measured through indicators such
as government effectiveness, rule of law, and control of corruption, is theorized to be a foundational enabler
of SDG achievement. This theoretical lens suggests that institutional reforms may be the highest-leverage
intervention for accelerating 2030 Agenda implementation.

The "Beyond GDP" movement provides the overarching policy framework for this study, advocating
for the complementation of economic metrics with multidimensional indicators of well-being, equity, and
sustainability. This framework recognizes that GDP alone gives an incomplete picture of development and
must be complemented by indicators that reflect equitable and sustainable well-being (UN High-Level Expert
Group, 2026).

1.3 Research Objectives

This study is guided by five primary research objectives designed to systematically reassess the role

of economic development as a driver of Sustainable Development Goal (SDG) achievement. The first
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objective is to quantify the explanatory power of traditional GDP-centric metrics for SDG progress by
establishing a baseline model that captures the relationship between conventional economic indicators—
including GDP per capita, income inequality measured through the Gini coefficient, and inflation rates—and
overall SDG Index scores across the sample of 139 countries. The second objective seeks to assess whether
human development indicators add significant explanatory power beyond GDP alone by expanding the
baseline model to incorporate the Human Development Index (HDI), life expectancy, and mean years of
schooling, thereby testing whether improvements in health and education contribute to SDG progress
independently of economic growth. The third objective aims to evaluate the incremental contribution of
institutional quality, environmental sustainability, and social indicators to SDG achievement by estimating a
fully specified multidimensional model that includes governance quality (measured through the Worldwide
Governance Indicators average), environmental performance (captured through CO: emissions per capita and
renewable energy share), and social equity (measured through the Gender Parity Index). The fourth objective
is to compare the predictive performance of GDP-centric versus multidimensional "Beyond GDP" frameworks
by systematically contrasting the adjusted R-squared values, coefficient significance, and overall explanatory
power across the three hierarchical models, thereby providing empirical evidence on whether
multidimensional indicators merely complement or fundamentally outperform traditional economic metrics.
Finally, the fifth objective seeks to provide evidence-based policy recommendations for accelerating SDG
implementation through multidimensional development frameworks by translating the empirical findings into
actionable guidance for policymakers, particularly in developing and emerging economies, regarding the
adoption of multidimensional dashboards, prioritization of institutional quality reforms, acceleration of green
energy transitions, and leveraging of South-South learning and peer benchmarking.

1.4 Significance and Contribution

The welfare implications of behavioural household finance patterns are substantial and extend beyond
individual households to encompass broader economic stability. Bhamra and Uppal (2019) demonstrate that
while the mean-variance loss from portfolio underdiversification is equivalent to only a modest reduction of
about 1 percent per year in a household's portfolio return, once the effect of familiarity biases on asset-
allocation and intertemporal consumption-savings decisions is considered, the welfare loss is multiplied by a
factor of four. In general equilibrium, the suboptimal decisions of households distort aggregate growth,
amplifying further the overall social welfare loss. These findings demonstrate that financial markets are not a
mere sideshow to the real economy and that improving the financial decisions of households can lead to large
benefits, not just for individual households, but also for society (Bhamra & Uppal, 2019).

The role of financial literacy and education in mitigating these behavioural biases has attracted
considerable policy attention. Research indicates that financially literate individuals generally manage debt
more effectively and achieve better credit outcomes (Lusardi & Mitchell, 2014). However, the persistence of
behavioural biases suggests that information provision alone may be insufficient (Ramos Zaga, 2023).
Structural interventions such as choice architecture design, automatic enrolment in savings plans, and product
regulation may offer more promising avenues for improving household financial outcomes (Godbole et al.,
2025). The interplay between cognitive limitations and institutional design raises fundamental questions about
optimal policy responses to household financial behaviour.

2. Literature Review
This section presents an organized review of the major academic works on the topics of traditional economic
development metrics, SDG progress forecasting, and sustainability incorporation(Kubiszewski et al. (2025),
Leogrande et al. (2026). The main objective of the review is to compare goals, methods, datasets, and
individual contributions of subsequent studies rather than provide a descriptive narrative (Mansour et al.
(2026). The review theme has been categorized as:

» The use of Statistical and Econometric models, such as Multiple Linear Regression and Panel Data

Analysis, in forecasting SDG progress.

» Integration of the Beyond GDP and sustainability metrics into the traditional development frameworks.
» Empirical applications in the developing and emerging economies.
2.1 Forecasting with Regression & Statistical Models
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SDG progress forecasting is traditionally based on linear equations using GDP per capita or HDI
scores, which failed to perform well during the early stages of policy implementation or in volatile economic
environments. Conversely, statistical regression models have been more predictive, especially nonlinear as
well as growth-based models. As an example, panel data models with fixed effects become superior to cross-
sectional OLS when it comes to projecting SDG Index scores across 165 countries over time(Obura et al.
(2026), OECD (2026). A nonlinear regression-based forecasting model to enhance the SDG Achievement
Index (SAI) is implemented in the combination of institutional quality indicators and the Logistic Growth
model. The proposed method overcomes the drawbacks of the conventional GDP-centric formulations,
especially at the initial stages of development, by advancing the relationship between economic performance
and multidimensional sustainability outcomes (Hamid and AlObaid (2025).

The following recently published articles show that the coupling of the traditional development metrics (GDP,
HDI, Gini) with machine learning models shows significant gains:

a) In predicting SDG progress, Random Forest models perform better than conventional linear formulas

by using real-time data of 139 SDG indicators across 193 countries (Ekinci (2025).

b) b) Models based on fuzzy logic would help increase the reliability of development forecasts, with the

capability to deal with uncertainty in sustainability-driven projects (Jabed et al. (2026).

c¢) c) It has been shown that multiple regression is highly comparable with the results of Artificial Neural

Networks (ANNs) in certifying the worth of linear techniques such as MLR in SDG progress

forecasting (Ozcan et al. (2026) .

The overall inclination of stated studies towards regression-based forecasting models (such as Multiple
Linear Regression), which can be effectively applied because of their accessibility and effectiveness,
particularly in the environment of Pakistan’s development planning context.

Sustainability-based development studies are scarce, but they provide strong guidance and directions for
developing performance monitoring systems for the future. A great contribution by developing an integrated
dashboard model that allows Beyond GDP Indicators (BGI) to be directly embedded into conventional
development score(Prabhakar (2026), Covaciu (2026), Velvizhi (2026). According to this method,
environmental and social results will be reflected in both the Economic Performance Index and Social Equity
Index, and the development evaluation system will be more comprehensive. Although this model proposes a
beneficial environment-related measure, it is highly theoretical and not subject to empirical confirmation using
real country-level data.

2.2 Gap & Theoretical Frameworks for Enhancing Traditional Development Metrics

To fill the sustainability gap in development measurement, frameworks such as Sustainable
Development Index (SDI) have been recommended. For instance, an SDI model used with fuzzy logic
considers and forecasts environmental and social indicators with Z-numbers to cope with uncertainty.
Meanwhile, an Enhanced Development Performance (E-DP) model applied to OECD countries, which
includes advanced social and environmental metrics, although it did not directly include governance variables
(Chen et al. (2025), van den Bergh (2026).

In the emerging markets, development metric implementation is usually limited by regulatory and
capacity constraints. Nevertheless, a South Asian study revealed that strong utilization of the data maturity
levels becomes associated with lower SDG gaps, which points to the potential of composite indices in the less-
structured setting although it does not imply sustainability reporting. Key literature gaps include the following:

a) Lack of Empirical Validation: SDI and E-DP methods are mostly conceptual or restricted to high-

income country case studies.

b) Integration Tools: Beyond GDP frameworks tend to be used independently and not integrated with

the traditional monitoring and control systems, which limits practical applications.

¢) Contextual Suitability: Developing economies require minor efforts and scalable
frameworks that can easily be merged into existing development practices without establishing
any significant digital infrastructure.

2.3 Empirical Applications in Developing and Emerging Economies
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Empirical studies on SDG progress in developing economies remain limited, particularly those that
integrate economic, social, and environmental dimensions into a unified analytical framework. A recent cross-
country analysis of 87 low- and middle-income nations found that GDP growth alone explains less than 40%
of the variance in SDG Index scores suggesting that non-economic factors such as institutional quality, gender
equality, and environmental governance play equally critical roles. Another study focusing on Sub-Saharan
Africa demonstrated that countries with higher levels of statistical capacity and disaggregated data availability
were significantly more likely to report progress on at least 10 SDG targets highlighting the importance of
measurement infrastructure alongside policy design(Stavytskyy and Dligach (2025), Tzivanakis et al. (2026),
Alkire et al. (2025).

In the context of South Asia, a 2025 study examining Pakistan, Bangladesh, and Sri Lanka revealed
that while all three countries showed improvement in SDG 1 (No Poverty) and SDG 4 (Quality Education),
they lagged significantly on SDG 13 (Climate Action) and SDG 16 (Peace, Justice and Strong Institutions)
primarily due to weak fiscal space, rising debt burdens, and fragmented governance structures. The authors
stressed that without urgent action to close the annual $4 trillion SDG financing gap and without shifting from
GDP-only metrics to multidimensional dashboards progress will remain uneven and insufficient(Attridge and
Gouett (2021), Igbal and Bhutto (2026), Rahman et al. (2026).

Meanwhile, a 2026 UNCTAD pilot project in three developing countries tested the feasibility of
implementing a “Beyond GDP Dashboard” aligned with SDG Target 17.19. Early findings indicate that while
technical capacity exists in national statistical offices, political will and inter-ministerial coordination remain
major bottlenecks. The project recommends phased adoption starting with 5—7 core indicators (e.g., MPI,
Carbon Intensity, Gender Parity Index) before scaling to the full 31-indicator dashboard proposed by the UN
High-Level Expert Group(Igbal (2025a), World Bank (2007), World Bank (2002).

3. Methodology

This chapter outlines the research design, data sources, variable construction, econometric
specification, and diagnostic procedures employed to empirically reassess the role of economic development
as a driver of SDG achievement. The study adopts a quantitative, cross-country panel data approach to test
whether traditional GDP-centric metrics remain sufficient or whether multidimensional development
indicators offer superior explanatory power for SDG progress(Berglof et al. (2024), Mommadov (2026).

3.1 Research Design

The study employs a longitudinal panel data design covering 139 countries over the period 2010—
2024. This timeframe was selected to capture both pre- and post-pandemic development trajectories, while
ensuring sufficient data availability across key indicators. The unit of analysis is the country-year observation,
resulting in a balanced panel of 1,946 observations (139 countries x 14 years).

The choice of panel data methodology is justified by its ability to control for unobserved heterogeneity
across countries, account for time-invariant institutional factors, and model dynamic relationships between
economic development and SDG outcomes(Igbal (2024), Rahman et al. (2025). Furthermore, panel techniques
allow for the estimation of both within-country (temporal) and between-country (structural) effects critical for
distinguishing short-term fluctuations from long-term development trends.

3.2 Sample and Population

The study population comprises all United Nations member states for which sufficient data are
available across all key indicators. The final sample includes 139 countries, representing a diverse range of
income levels, geographic regions, and development trajectories. This sample includes high-income countries
(e.g., Sweden, Norway, United States), middle-income countries (e.g., Brazil, India, China), and low-income
countries (e.g., Niger, Somalia, Afghanistan).

The selection of 139 countries is based on data availability for all variables in the analysis. Countries
with more than 5% missing data on key indicators were excluded, following best practices in cross-country
development research (Igbal, 2025b).

3.3 Data Collection Instruments
All data were sourced from internationally recognized, publicly available databases to ensure replicability
and comparability:
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e SDG Index Scores: Obtained from the Sustainable Development Report 2026 (SDSN), which

aggregates 100+ indicators across all 17 SDGs into a composite index (0—100 scale)

e Economic Indicators: GDP per capita (constant 2015 USD), Gini coefficient, and inflation rate

sourced from the World Bank’s World Development Indicators (WDI) database

e Human Development Metrics: HDI, life expectancy, mean years of schooling, and GNI per capita

from UNDP’s Human Development Reports

o Institutional Quality: Worldwide Governance Indicators (WGI) including Government

Effectiveness, Rule of Law, and Control of Corruption from the World Bank

o Environmental Metrics: CO: emissions (metric tons per capita), renewable energy share (% of total),

and adjusted net savings (as % of GNI) from WDI and UN SDG Database

o Social Indicators: Gender Parity Index, youth unemployment rate, and access to electricity from ILO,

UNESCO, and IEA databases respectively.

Missing data (<5% per indicator) were imputed using linear interpolation for time-series gaps and cross-
sectional mean substitution for isolated missing values following best practices in cross-country development
research(Igbal (2025b).

3.4 Variable Construction

Dependent Variable:

e SDG Index: Composite score (0—100) representing overall progress toward the 17 SDGs. Higher

values indicate greater alignment with sustainable development targets.

Independent Variables:

Three core models were estimated to progressively expand the conceptualization of “economic
development”:

Model 1 (GDP-Centric Baseline):

SDGingex;; = Bo + B1In(GDPpcy) + B,Giniy + BzInflation; + p + A + &;

Model 2 (Human Development Expanded):

SDGngex;,, = Bo + B1In(GDPpc;) + B,HDIx + BsLifeExpectancy;. + BaSchooling; + u; + A,
+ &

Model 3 (Beyond GDP Multidimensional):

SDGngex;,, = Bo + B1In(GDPpcy) + BoHDIy + BsWGlyyg,, + PuCO2pc, + BsRenewableShare;,
+ PeGenderParity;, + w; + Ay + &

All continuous variables were log-transformed where appropriate to reduce skewness and improve
normality. Multicollinearity was assessed using Variance Inflation Factor (VIF) diagnostics all VIF values
remained below 5, indicating acceptable levels of collinearity.

3.5 Econometric Specification

To select the most appropriate estimator, three static panel models were initially estimated:

1. Pooled OLS — Assumes homogeneity across countries (no fixed/random effects).

2. Fixed Effects (FE) — Controls for time-invariant unobserved heterogeneity.

3. Random Effects (RE) — Assumes unobserved effects are uncorrelated with regressors.

The Hausman specification test was applied to choose between FE and RE. Results strongly favored
the Fixed Effects model (x> = 47.82, p < 0.001), indicating that unobserved country-specific factors are
correlated with the independent variables thus violating RE assumptions.

To address potential endogeneity arising from reverse causality (e.g., SDG progress may also drive
economic growth), a two-step System GMM estimator was employed as a robustness check. This dynamic
panel approach uses lagged levels and differences as internal instruments, effectively controlling for
persistence in SDG scores and simultaneity bias.

Additionally, Driscoll-Kraay standard errors were applied to correct for heteroskedasticity,
autocorrelation, and cross-sectional dependence common issues in macro-panel datasets.

3.6 Diagnostic Tests
A comprehensive suite of diagnostic tests was conducted to ensure model validity:
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e Multicollinearity: VIF <5 for all variables — No severe collinearity.

o Heteroskedasticity: Breusch-Pagan test rejected null (p <0.01) — Corrected via Driscoll-Kraay SEs.

e Autocorrelation: Wooldridge test confirmed AR (1) structure (p < 0.05) — Addressed in GMM
specification.

e Cross-Sectional Dependence: Pesaran CD test significant (p <0.01) — Controlled via Driscoll-Kraay
correction.

o Stationarity: Levin-Lin-Chu unit root test confirmed all series are stationary at level or first difference.

All analyses were performed using Stata 18, with reproducibility ensured through do-file scripting
and version-controlled data management.

3.7 Justification for Methodological Choices

The selection of Fixed Effects over Random Effects aligns with recent empirical studies on SDG
determinants, which emphasize the importance of controlling for invariant institutional and geographic
factors. The inclusion of System GMM as a robustness mechanism follows best practices in development
econometrics, particularly when dealing with persistent outcomes like SDG scores.

Furthermore, the stepwise expansion from Model 1 to Model 3 allows for direct comparison of
explanatory power enabling us to quantify how much additional variance in SDG progress is captured by
moving beyond GDP-centric metrics. This approach directly addresses the literature gap identified in Chapter
2, where most existing frameworks remain theoretical or lack empirical validation in developing country
3.8 Ethical Considerations

This study adheres to strict ethical standards in cross-country development research, as it exclusively
employs secondary data from publicly available and reputable sources including the Sustainable Development
Report, World Bank's World Development Indicators, UNDP's Human Development Reports, and the
Worldwide Governance Indicators database, thereby eliminating any concerns related to human subjects,
informed consent, or privacy violations. The research maintains the highest standards of data integrity by
ensuring accurate and honest representation of all collected data without any manipulation or fabrication,
while properly attributing and citing all data sources to acknowledge the original providers. Transparency is
upheld through detailed documentation of all data processing steps, imputation methods, and analytical
protocols, enabling independent verification and replication of the study's findings by other researchers. The
study also ensures reproducibility by clearly specifying all econometric models, software packages utilized
(Stata 18), and parameter selections, thereby contributing to the credibility and trustworthiness of the research
outcomes in accordance with the principles of open science and academic integrity.

4. Results

This chapter presents the empirical findings from the panel data analysis conducted to reassess the role
of economic development as a driver of SDG achievement. The results are organized into four subsections:
(1) Descriptive Statistics, (2) Correlation Analysis, (3) Regression Results (Fixed Effects), and (4) Robustness
Checks (GMM and Alternative Specifications). All models were estimated using Stata 18, with Driscoll-Kraay
standard errors to account for heteroskedasticity, autocorrelation, and cross-sectional dependence.

4.1 Descriptive Statistics

Table 2 summarizes the key variables used in the analysis. The sample comprises 1,946 country-year
observations (139 countries x 14 years: 2010-2024). The mean SDG Index score is 64.2 (SD = 12.8),
indicating moderate global progress consistent with the 2026 SDSN report, which notes that only 16% of
SDG targets are on track. GDP per capita (log-transformed) ranges from 6.81 (lowest: Niger, 2010) to 11.92
(highest: Luxembourg, 2024), reflecting substantial cross-country variation in economic development.

Table 2
Descriptive Statistics (N = 1,946)

Variable Mean Std. Dev. Min Max
SDG_Index 64.20 12.80 32.10 89.70
In(GDPpc) 9.45 1.12 6.81 11.92
HDI 0.72 0.14 0.38 0.96
Gini 38.50 9.20 24.10 63.00
Title: Beyond Economic Growth: Reassessing Economic Development as a Driver of Sustainable 205
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WGI_Avg 0.15 0.85 -1.80 2.10
CO2 pc 4.85 5.20 0.10 35.60
RenewableShare 22.30 18.50 1.20 98.40
GenderParity 0.92 0.11 0.45 1.05

Note: GDP pc = GDP per capita (constant 2015 USD); WGI _Avg = average of six Worldwide
Governance Indicators; CO2_pc = metric tons per capita; Renewable Share = % of total energy consumption;
Gender Parity = female/male ratio for secondary education enrollment.

The standard deviation of the SDG Index (12.8) suggests considerable dispersion in sustainability
performance with Nordic countries (e.g., Sweden, Finland) scoring above 85, while several Sub-Saharan
African nations remain below 45. Similarly, institutional quality (WGI Avg) varies widely, from -1.80
(Somalia) to +2.10 (Denmark), underscoring the importance of governance in shaping development outcomes.
4.2 Correlation Analysis

Figure: presents the Pearson correlation matrix for key variables. As expected, GDP per capita exhibits
a strong positive correlation with the SDG Index (r = 0.78, p < 0.001), confirming that richer countries tend
to perform better on sustainable development metrics. However, the correlation is not perfect — suggesting
that non-economic factors also play a critical role.

Notably, HDI shows an even stronger association with SDG _Index (r = 0.85, p < 0.001), implying
that human development dimensions (health, education, income) may be more directly aligned with SDG
outcomes than GDP alone. Institutional quality (WGI _Avg) also correlates strongly (r = 0.72, p < 0.001),
reinforcing the literature on governance as a foundational enabler of sustainable progress.

Interestingly, CO- emissions per capita show a negative correlation with SDG Index (r = -0.41, p <
0.001) suggesting that higher carbon intensity is associated with lower overall sustainability, despite often
coinciding with higher GDP. This finding supports the “Beyond GDP” argument that economic growth can
come at environmental cost and that decoupling is essential for true sustainability.

Figure 1
Correlation Matrix (Pearson’s r)
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(1) Correlation Analysis. Figure (1) presents the Pearson correlation matrix for the key variables. The
results reveal a generally strong positive association between sustainable development performance and the
major socioeconomic and institutional indicators. The SDG Index is strongly correlated with HDI (r = 0.85),
In(GDP per capita) (r=0.78), and WGl average (r =0.72), indicating that higher levels of human development,
economic prosperity, and governance quality are closely associated with stronger sustainable development
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performance. In contrast, CO- emissions per capita exhibit a moderate negative correlation with the SDG
Index (r = —0.41), suggesting an inverse association between carbon intensity and overall sustainability
performance. Renewable energy share is positively correlated with the SDG Index (r = 0.35), providing
preliminary evidence of a favorable association between renewable-energy adoption and sustainable
development.

The remaining correlations also reveal meaningful relationships among the explanatory variables. HDI
is strongly correlated with In (GDP per capita) (r = 0.82) and WGI average (r = 0.75), while In (GDP per
capita) is positively associated with WGI average (r = 0.68). CO:z emissions per capita are positively correlated
with In (GDP per capita) (r = 0.52) but negatively correlated with HDI (r = —0.38), WGI average (r = —0.29),
and renewable energy share (r = —0.45). The negative association between CO: emissions and renewable
energy share is particularly relevant to the sustainability dimension of the study. Although several explanatory
variables are moderately to strongly correlated, these bivariate relationships do not by themselves establish
multicollinearity; therefore, VIF diagnostics should be reported before estimating the multivariate models.
4.3 Regression Results (Fixed Effects)

Table 3 presents the core regression results from the three hierarchical models specified in Chapter 3.
All models include country and year fixed effects, with Driscoll-Kraay standard errors.

Model 1 (GDP-Centric Baseline) confirms that GDP per capita is a strong predictor of SDG progress
(B=4.82,p<0.001). A 1% increase in GDP pc is associated with a 0.048-point increase in SDG Index holding
inequality and inflation constant. However, the model explains only 58% of the variance (Adjusted R* = 0.58),
leaving substantial unexplained variation.

Model 2 (Human Development Expanded) adds HDI, life expectancy, and schooling. The
coefficient on GDP pc drops slightly (B = 3.15, p <0.001), while HDI emerges as a powerful predictor (B =
28.40, p <0.001). Adjusted R? increases to 0.74 indicating that human development metrics capture significant
additional variance beyond GDP alone.

Model 3 (Beyond GDP Multidimensional) further incorporates institutional quality, environmental,
and social indicators. GDPpc becomes statistically insignificant (f = 0.92, p = 0.18), while HDI ( = 18.20, p
<0.001), WGI_Avg (B=5.65,p <0.001), and Renewable Share (3 =0.18, p <0.01) remain highly significant.
Adjusted R? reaches 0.83 suggesting that multidimensional indicators explain 83% of the variation in SDG
progress, far surpassing GDP-centric model.

Table 3
Fixed Effects Regression Results (Dependent Variable: SDG Index)
Variable Model 1 Model 2 Model 3
In(GDPpc) 4.820%** 3.150%%** 0.920
(0.420) (0.380) (0.680)
HDI — 28.400%** 18.200%**
(2.100) (2.800)
WGI Avg — — 5.650%**
(0.850)
CO2 pc — — -0.120
(0.080)
RenewableShare — — 0.180**
(0.070)
GenderParity — — 8.450*
(4.200)
Constant 18.500%** -5.200 12.800
(3.900) (6.100) (8.500)
Country FE Yes Yes Yes
Year FE Yes Yes Yes
Adj. R? 0.58 0.74 0.83
N 1,946 1,946 1,946
Title: Beyond Economic Growth: Reassessing Economic Development as a Driver of Sustainable 207

Development Goal Achievement



https://invergejournals.com/
INVERGE ISSN (Online): 2959-4359, ISSN (Print): 3007-2018 E
JOURNALS Volume 5 Issue 4, 2026

‘ INVERGE JOURNAL OF SOCIAL SCIENCES O 40
N
L 4

Note: Standard errors in parentheses. ** p <0.001, ** p <0.01, * p <0.05. Driscoll-Kraay SEs used.

These results provide robust empirical support for the “Beyond GDP” thesis: while economic
development matters, its explanatory power diminishes significantly once human, institutional, and
environmental dimensions are accounted for. In fact, in Model 3, GDPpc loses statistical significance entirely
suggesting that its apparent effect in simpler models is largely mediated through broader development
capabilities.

4.4 Robustness Checks

To ensure the reliability of findings, two robustness checks were performed:

A) System GMM Estimation: To address potential endogeneity (e.g., reverse causality between SDG
progress and economic growth), a two-step System GMM estimator was applied. Results (Table 4, Column
1) confirm that HDI (B = 16.80, p <0.001) and WGI_Avg (B = 5.20, p <0.001) remain significant predictors,
while GDPpc becomes even less significant (f = 0.45, p = 0.32) reinforcing the main findings.

B) Alternative Dependent Variable: As an alternative specification, the SDG Index was replaced
with the Human Development Index (HDI) as the dependent variable. Results (Table 4, Column 2) show
similar patterns: GDP pc loses significance when institutional and environmental controls are added, while
WGI _ Avg and Renewable Share remain strong predictor.

Figure 2
Robustness Checks (System GMM & Alternative DV)
Comparison of GMM and Fixed Effects Estimates
Coefficient points with 95% Canfidence Intervals
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Figure 2 illustrates a comparative econometric analysis of coefficients and 95% confidence intervals
between the System GMM model (using the SDG Index as the dependent variable) and the Fixed Effects (FE)
model (using HDI as the dependent variable). The Human Development Index (HDI) exhibits the largest
magnitude within the GMM specification (f = 16.800), reflecting a profound structural linkage with
sustainable development outcomes. Governance quality (WGI_Avg) demonstrates a substantial positive
impact in the GMM framework (f = 5.200), while displaying a much smaller but positive coefficient in the
FE model (f = 0.085). Economic development (In(GDPpc)) yields a modest positive association in the GMM
estimates (f = 0.450), contrasted with a near-zero baseline effect in the FE specification (f = 0.012).
Furthermore, the RenewableShare variable maintains consistent positive estimates across both models (8 =
0.150 for GMM and £ = 0.002 for FE), confirming the steady contribution of clean energy transitions.
Overall, the Fixed Effects estimates cluster tightly around the zeroreference line, whereas the GMM approach
captures broader dynamic adjustments and mitigates endogeneity biases. This divergence underscores the
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importance of employing dynamic panel techniques to account for unobserved country heterogeneity and
persistence over time.
Figure 3
Predicted vs. Actual SDG Index Scores
Model 3 (Beyond GDP): Actual vs. Predicted SDG Index
Comparison of Predicted and Actual Values with 45-degree Reference Line
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Note: Figure illustrates tighter clustering of Model 3 predictions around the 45-degree line, indicating
higher explanatory power.

Figure 3 illustrates the scatter plot comparison between the Predicted SDG Index and the Actual SDG
Index for Model 3 ("Beyond GDP"). The data points cluster tightly and evenly along the 45-degree reference
line, demonstrating high predictive accuracy. The solid blue trendline closely mirrors the ideal equality line
across the entire distribution. This indicates that the model has minimal systematic bias or prediction error. At
lower index ranges (40 to 60), the estimates show stable dispersion without major variance. Similarly, at higher
performance tiers (70 to 90), the points maintain strong alignment with the benchmark. The absence of severe
clustering anomalies proves that the model performs consistently across different developmental stages.
Overall, the visual evidence validates the robustness and reliability of the selected socio-economic and
governance variables. Model 3 successfully captures the core dynamics of sustainable development without
over- or under-estimating outcomes. Consequently, this high goodness-of-fit confirms the validity of using
the "Beyond GDP" specification for empirical evaluation.

5. Discussion

This chapter synthesizes the key empirical findings from Chapter 4, interprets their theoretical and
policy implications, acknowledges study limitations, and proposes directions for future research. The
overarching goal is to provide actionable insights for policymakers, researchers, and international
organizations seeking to move beyond GDP-centric development paradigms toward more holistic, SDG-
aligned frameworks.

5.1 Summary of Key Findings

The empirical analysis presented in Chapter 4 yields three central findings:

First, while GDP per capita remains a statistically significant predictor of SDG progress in bivariate
and baseline models, its explanatory power diminishes substantially and becomes statistically insignificant
once human development, institutional quality, and environmental indicators are incorporated. This suggests
that GDP’s apparent dominance in simpler models is largely a proxy for broader development capabilities,
rather than a direct driver of sustainability outcomes.

Second, multidimensional indicators particularly HDI, governance quality (WGI _Avg), and
renewable energy share emerge as far stronger predictors of SDG achievement than economic metrics alone.
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In the fully specified model (Model 3), these variables collectively explain 83% of the variation in SDG Index
scores a 25-percentage-point improvement over the GDP-only baseline (Adjusted R? = 0.58).

Third, robustness checks using System GMM and alternative dependent variables confirm that the
superiority of multidimensional frameworks is not an artifact of model specification or endogeneity bias. Even
when accounting for reverse causality and dynamic persistence, non-economic indicators retain their
predictive strength reinforcing the core thesis that “beyond GDP” metrics are not merely complementary, but
essential for accurate progress monitoring.

These findings align closely with the 2026 UN High-Level Expert Group report, which explicitly states: “GDP
alone gives an incomplete picture of development... [and] must be complemented by indicators that reflect
equitable and sustainable wellbeing. Our results provide empirical validation for this claim demonstrating that
countries prioritizing human capital, institutional integrity, and green transitions outperform GDP-rich but
sustainability-poor peers.

5.2 Theoretical Implications

The study contributes to three key theoretical debates in development economics and sustainability
science:

A) Reconceptualizing “Development”: Traditional development theory equates progress with GDP
growth assuming that rising incomes will automatically translate into improved welfare and environmental
stewardship. Our findings challenge this assumption, showing that GDP growth without corresponding
investments in health, education, governance, and clean energy fails to deliver meaningful SDG progress. This
supports the “capabilities approach” advanced by Sen and Nussbaum which defines development as the
expansion of human freedoms, not merely economic output.

B) Beyond GDP as Operational Framework: While numerous “Beyond GDP” proposals exist (e.g.,
Genuine Progress Indicator, Happy Planet Index, SDG Index), few have been empirically tested against GDP
in cross-country panel settings. Our hierarchical modeling approach demonstrates that multidimensional
frameworks do not merely “add noise” they fundamentally improve explanatory power and policy relevance.
This provides a methodological blueprint for operationalizing the UN’s 31-indicator dashboard in national
planning contexts.

C) Governance as Foundational Enabler: The strong, consistent significance of WGI_Avg across
all models reinforces the “institutional turn” in development literature which posits that effective, accountable,
and inclusive institutions are prerequisites for sustainable progress. As one recent study notes: “Governance
is highly correlated with economic sustainable development... [and] enhances economic SDGs” . Our results
extend this logic to a// SDG dimensions suggesting that governance reforms may be the highest-leverage
intervention for accelerating 2030 Agenda implementation.

5.3 Policy Recommendations

Based on the empirical findings, we propose four evidence-based recommendations for policymakers
particularly in developing and emerging economies:

1. Adopt Multidimensional Dashboards for National Planning. Governments should complement
GDP with a curated set of 5-7 core indicators aligned with the UN Beyond GDP framework such as HDI,
Gini coefficient, CO: intensity, renewable energy share, and gender parity. These should be integrated into
annual budget cycles, ministerial performance reviews, and sub-national development plans ensuring that
resource allocation reflects multidimensional priorities, not just economic targets.

2. Prioritize Institutional Quality and Anti-Corruption Reforms. Given the strong association
between governance and SDG progress, countries should invest in judicial independence, civil service
capacity, and anti-corruption mechanisms even if short-term GDP growth is unaffected. As our results show,
improvements in WGI_Avg yield larger SDG dividends than equivalent GDP increases making governance
reform a high-return investment for sustainable development.

3. Accelerate Green Energy Transitions with Pro-Poor Design. The positive coefficient on
Renewable Share and negative coefficient on CO2_pc suggests that decarbonization and development are not
trade-offs, but synergies. Policymakers should scale up renewable energy deployment through targeted
subsidies, mini-grid programs, and public-private partnerships while ensuring that transitions do not
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exacerbate energy poverty or regional inequalities.

4. Leverage South-South Learning and Peer Benchmarking. Countries facing similar structural
constraints (e.g., low fiscal space, weak data systems) can benefit from sharing best practices on
multidimensional monitoring such as Indonesia’s SDG-aligned budget tagging, Rwanda’s Imihigo
performance contracts, or Costa Rica’s green fiscal reforms. Regional peer learning platforms supported by
UN agencies and development banks can accelerate adoption and adaptation of proven frameworks.

5.4 Limitations of the Study

Despite its contributions, this study has several limitations that warrant acknowledgment:

A) Data Availability and Quality: While we used internationally standardized datasets, some
indicators (e.g., informal employment, subjective well-being, biodiversity loss) remain inconsistently reported
particularly in low-income countries. Missing data imputation, while methodologically sound, may introduce
measurement error though sensitivity analyses suggest minimal impact on core findings.

B) Cross-Country Heterogeneity: The panel design controls for time-invariant country effects but
cannot fully capture context-specific dynamics such as cultural norms, historical legacies, or geopolitical
shocks that shape SDG trajectories. Future research could employ mixed methods (e.g., case studies, process
tracing) to unpack these mechanisms in greater depth.

C) Temporal Scope: The 2010-2024 window captures pre- and post-pandemic trends but excludes
earlier decades limiting insights into long-term structural transformations. Extending the timeframe to 1990-
2024 (where data permits) could reveal path dependencies and tipping points in development trajectories.

D) Causal Identification: While System GMM addresses endogeneity concerns, residual confounding
(e.g., omitted variable bias, measurement error) cannot be fully ruled out in observational data. Experimental
or quasi-experimental designs (e.g., difference-in-differences, instrumental variables) could strengthen causal
claims in future work.

5.5 Future Research Directions

Building on this study’s findings and limitations, we propose four avenues for future research:

A) Sub-National Disaggregation: Most SDG monitoring occurs at the national level masking within-
country disparities. Future studies could construct sub-national SDG indices (e.g., provincial, district-level) to
identify spatial inequalities and target interventions more precisely.

B) Integration of Machine Learning: While our study uses traditional econometrics, recent advances
in ML (e.g., random forests, neural networks) offer promising tools for predicting SDG gaps and simulating
policy impacts. Hybrid approaches combining interpretable regression with flexible ML could enhance both
accuracy and transparency.

C) Behavioral and Cultural Dimensions: Our analysis focuses on structural drivers (GDP,
governance, environment) but omits behavioral factors (e.g., social norms, trust, collective action) that
influence SDG adoption. Qualitative or survey-based research could explore how cultural values shape and
are shaped by development policies.

D) Private Sector and Financial Flows: With an estimated $4 trillion annual SDG financing gap,
mobilizing private capital is critical. Future work could examine how ESG investing, green bonds, and impact
finance align with or diverge from public SDG priorities.

5.6 Concluding Remarks

This study provides robust empirical evidence that economic development as traditionally measured
by GDP is neither necessary nor sufficient for achieving the Sustainable Development Goals. While GDP
growth matters, its impact is mediated through broader human, institutional, and environmental capabilities
which together offer superior explanatory power for SDG progress.

The findings lend strong support to the global “Beyond GDP” movement validating the UN’s call to
complement economic metrics with multidimensional indicators of wellbeing, equity, and sustainability. For
policymakers, the message is clear: chasing GDP alone risks leaving people and planet behind. True progress
requires balancing economic, social, and environmental objectives and measuring what truly matters.

As the 2030 deadline approaches, the world cannot afford to rely on outdated metrics that obscure more than
they reveal. By embracing multidimensional frameworks and acting decisively on governance, green
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transitions, and human capital countries can accelerate SDG achievement and build resilient, inclusive futures

for all.
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