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1 Introduction

The relationship between public debt and economic growth represents one of

the most enduring puzzles in development economics. Traditional economic

theory posits that moderate levels of public debt can stimulate economic

growth through productive public investments, while excessive debt accu-

mulation may crowd out private investment and hinder long-term growth

prospects. However, the empirical evidence regarding debt thresholds and

their growth implications remains contentious and context-dependent. This

research addresses this complexity through an innovative methodological ap-

proach that transcends conventional econometric techniques.

Developing nations face unique challenges in managing public debt, in-

cluding volatile revenue streams, limited access to international capital mar-
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kets, and structural constraints on economic diversification. The existing

literature has predominantly focused on identifying universal debt thresh-

olds, most notably the 60-90 percent of GDP benchmarks popularized by

Reinhart and Rogoff (2010). However, this one-size-fits-all approach fails to

account for the substantial heterogeneity in institutional capacity, economic

structure, and policy implementation across developing economies.

Our research makes several original contributions to this debate. First,

we develop a novel computational framework that integrates machine learn-

ing algorithms with traditional economic modeling to capture the non-linear

and context-dependent nature of the debt-growth relationship. Second, we

introduce a comprehensive fiscal sustainability index that incorporates both

backward-looking debt metrics and forward-looking indicators of fiscal space.

Third, we analyze an expanded dataset that includes unconventional vari-

ables such as digital infrastructure development and environmental sustain-

ability metrics, which have been largely overlooked in previous studies.

The central research questions guiding this investigation are: How does

the relationship between public debt and economic growth vary across dif-

ferent institutional and structural contexts in developing nations? What

combination of factors determines the critical debt threshold beyond which

growth becomes impaired? Can we develop a more nuanced framework for

assessing fiscal sustainability that moves beyond simple debt-to-GDP ratios?
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2 Methodology

Our methodological approach represents a significant departure from con-

ventional econometric techniques used in debt-growth analysis. We employ

a hybrid framework that combines elements of computational economics,

machine learning, and institutional analysis to capture the complex, multi-

dimensional nature of fiscal sustainability in developing nations.

The dataset comprises annual observations from 75 developing countries

over the period 1995-2020, yielding a balanced panel of 1,875 observations.

In addition to traditional macroeconomic variables such as GDP growth,

inflation, trade balance, and debt indicators, we incorporate several novel

variables. These include institutional quality indices from the World Bank’s

Worldwide Governance Indicators, digital infrastructure metrics measuring

internet penetration and mobile connectivity, human capital development

indices, and environmental sustainability scores.

The core of our analytical framework is a dynamic neural network archi-

tecture specifically designed to model temporal dependencies in fiscal policy

outcomes. Unlike traditional panel data regressions that impose linear func-

tional forms, our neural network model can capture complex non-linear rela-

tionships and interaction effects between variables. The network architecture

includes multiple hidden layers with recurrent connections to account for the

path-dependent nature of debt accumulation and its growth effects.

We implement a novel feature importance analysis using Shapley values
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from cooperative game theory to quantify the relative contribution of each

variable to growth outcomes. This approach allows us to move beyond cor-

relation analysis and identify the causal mechanisms through which debt

affects growth in different contexts. Additionally, we employ clustering al-

gorithms to identify groups of countries with similar debt-growth dynamics,

enabling a more nuanced analysis than conventional regional or income-based

classifications.

The fiscal sustainability index developed in this research represents an-

other methodological innovation. Rather than relying solely on debt stock

indicators, our index incorporates multiple dimensions of fiscal space, includ-

ing revenue mobilization capacity, expenditure efficiency, debt management

capability, and structural vulnerability. Each component is weighted accord-

ing to its empirical relationship with growth outcomes, as identified through

our machine learning analysis.

3 Results

Our analysis reveals several important findings that challenge conventional

wisdom regarding public debt and economic growth in developing nations.

First, we find substantial heterogeneity in the relationship between debt lev-

els and growth outcomes across countries. While the traditional debt thresh-

old of 60-90 percent of GDP provides a rough guideline, the actual critical

threshold varies significantly based on country-specific characteristics.
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Countries with strong institutions, diversified export bases, and devel-

oped financial markets can sustain higher debt levels without experiencing

growth deceleration. For instance, our model identifies that upper-middle-

income countries with institutional quality scores above the 75th percentile

can maintain debt levels up to 85 percent of GDP without significant growth

impairment. In contrast, low-income countries with weak institutions expe-

rience growth slowdowns at debt levels as low as 40 percent of GDP.

The feature importance analysis reveals that institutional quality and

human capital development are the most significant moderators of the debt-

growth relationship. Countries with robust legal systems, effective gover-

nance, and educated populations demonstrate greater resilience to high debt

levels. Digital infrastructure development emerges as another important

moderating factor, suggesting that technological advancement may enhance

a country’s capacity to manage public debt effectively.

Our clustering analysis identifies four distinct groups of countries with

characteristic debt-growth dynamics. The first group, comprising approx-

imately 30 percent of our sample, exhibits a positive relationship between

debt and growth up to relatively high thresholds, reflecting their capacity to

deploy debt for productive investments. The second group shows a neutral

relationship, where debt levels have minimal impact on growth within moder-

ate ranges. The third group demonstrates the classic debt overhang pattern,

with growth declining sharply beyond specific thresholds. The fourth, small-

est group exhibits negative growth effects even at low debt levels, indicating

5



fundamental structural constraints.

The fiscal sustainability index developed in this research provides a more

comprehensive assessment of fiscal risks than traditional debt metrics. Our

results show that countries with similar debt-to-GDP ratios can have markedly

different sustainability scores based on their institutional capacity, economic

structure, and policy framework. This finding has important implications for

debt sustainability analysis and policy conditionality in international finan-

cial institutions.

We also identify several non-linear relationships that conventional econo-

metric approaches would miss. For example, the interaction between debt

levels and export concentration reveals that highly specialized economies face

greater growth risks from debt accumulation, regardless of the absolute debt

level. Similarly, the relationship between debt and growth appears to be me-

diated by the composition of public expenditure, with investment spending

having more favorable growth effects than current expenditure.

4 Conclusion

This research makes several original contributions to the literature on public

debt and economic growth in developing nations. By integrating computa-

tional methods with economic analysis, we have developed a more nuanced

understanding of the complex relationship between debt accumulation and

growth outcomes. Our findings challenge the notion of universal debt thresh-
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olds and emphasize the importance of country-specific characteristics in de-

termining fiscal sustainability.

The methodological innovations introduced in this study, particularly the

use of machine learning techniques and the development of a comprehensive

fiscal sustainability index, provide valuable tools for policymakers and inter-

national financial institutions. These approaches enable more sophisticated

risk assessment and policy recommendations that account for the substantial

heterogeneity across developing economies.

Our results have important policy implications. First, they suggest that

debt sustainability analysis should move beyond simple debt metrics and

incorporate a broader range of institutional and structural indicators. Sec-

ond, they highlight the importance of strengthening institutions and human

capital as prerequisites for effective debt management. Third, they provide

empirical support for tailored policy approaches that recognize the diverse

circumstances of developing nations.

Several limitations of this research should be acknowledged. The avail-

ability and quality of data for some developing countries remain constraints,

particularly for the more novel variables included in our analysis. Addition-

ally, while our machine learning approach captures complex relationships, it

requires careful interpretation to derive meaningful economic insights.

Future research could build on this foundation in several directions. Ex-

tending the analysis to incorporate more frequent data, such as quarterly

observations, could provide additional insights into the short-term dynamics
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of debt and growth. Investigating the role of specific debt instruments and

creditor composition would add another dimension to the analysis. Finally,

exploring the interaction between public debt and global financial conditions

could enhance our understanding of external vulnerability in developing na-

tions.

In conclusion, this research demonstrates that the relationship between

public debt and economic growth in developing nations is far more complex

and context-dependent than suggested by conventional threshold approaches.

By embracing methodological innovation and expanding the scope of analy-

sis, we can develop more sophisticated frameworks for understanding fiscal

sustainability and supporting economic development.
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