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Abstract 

Purpose — This study examines how global economic policy 
uncertainty (GEPU) shapes government expenditure dynamics in 
emerging market economies.  

Methods — Using an annual panel of 28 emerging economies from 
1998 to 2023, this study analyzes short-run fiscal adjustments and long-
run equilibrium relationships between global uncertainty and public 
expenditure. To address challenges arising from mixed integration 
orders and cross-sectional dependence driven by global shocks, it 
employs a multistage empirical strategy that combines fixed-effects 
estimation, Driscoll–Kraay robust inference, and a cross-sectionally 
augmented dynamic error-correction model (ECM). 

Findings — The results provide robust evidence that higher GEPU is 
associated with higher government expenditure as a share of Gross 
Domestic Product (GDP). This relationship holds across alternative 
specifications and persists in the long run, indicating that fiscal 
responses to uncertainty are not purely transitory. Dynamic estimates 
reveal a statistically significant error-correction mechanism, confirming 
a stable long-term relationship among government expenditure, global 
uncertainty, and domestic economic conditions. Structural factors, 
particularly urbanization, further shape fiscal outcomes, whereas income 
per capita enters with a negative sign, though its effect is not consistently 
statistically significant across specifications. 

Implication — The findings have important implications for fiscal 
sustainability and policy design in an increasingly uncertain global 
environment. 

Originality — By explicitly accounting for non-stationarity and 
unobserved common global factors, this study contributes to the 
literature by providing new evidence of how emerging market 
governments respond to global risks. 

Keywords — Global Economic Policy Uncertainty, Government 

Expenditure, Emerging Markets, Fiscal Policy, Error-Correction Model.

 

Introduction 

Heightened global economic policy uncertainty (GEPU) has become an increasingly salient feature 
of the international economic landscape. Episodes such as the global financial crisis, trade policy 
tensions, the COVID-19 pandemic, and recent geopolitical disruptions underscore how 
uncertainty originating from major economies can spill over into emerging markets. These shocks 
affect investment, consumption, and capital flows, thereby exerting pressure on domestic 
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macroeconomic stability and complicating fiscal policy implementation. In emerging market 
economies, global uncertainty creates a particularly complex policy environment. On the one hand, 
heightened uncertainty depresses private demand and amplifies downside risks, potentially 
necessitating countercyclical fiscal interventions. On the other hand, it can erode fiscal space by 
weakening revenue bases, increasing borrowing costs, and exposing public finances to external 
financing constraints. Therefore, understanding how governments balance these competing forces 
is central to assessing fiscal resilience and sustainability in emerging markets. 

Despite a rapidly expanding literature on economic policy uncertainty (EPU) and 
macroeconomic outcomes, empirical evidence on fiscal responses to global uncertainty remains 
limited and methodologically fragmented. Much of the existing literature relies on static panel 
regressions that abstract from non-stationarity, cross-sectional dependence, and long-run 
dynamics. Given the global nature of uncertainty shocks and the persistence of fiscal variables, 
such approaches risk producing spurious or incomplete inferences. Moreover, little is known about 
whether fiscal responses to uncertainty reflect short-run stabilization efforts or deeper long-run 
adjustments in government expenditure behavior. 

Extensive empirical literature has examined the cyclical behavior of fiscal policy, 
documenting systematic differences between advanced and developing economies. Gavin and 
Perotti (1997) show that fiscal policy in Latin America has historically been procyclical, with 
government expenditure rising during economic expansions and contracting during downturns. 
This pattern contrasts sharply with the countercyclical fiscal behavior typically observed in 
advanced economies. Subsequent studies attribute this procyclicality to multiple structural and 
institutional factors. Alesina et al. (1995) highlight political economic constraints and fiscal rigidities 
that limit governments’ ability to smooth expenditure over the business cycle. Extending this line 
of reasoning, Talvi and Végh (2005) argue that volatility in tax bases and revenue collection 
amplifies fiscal procyclicality, particularly in economies with weak automatic stabilizers. More 
recent evidence indicates that fiscal behavior is shaped by both macroeconomic conditions and 
institutional quality. Alesina et al. (2008) show that weak institutions, credit constraints, and political 
distortions systematically bias fiscal policies toward procyclicality in emerging markets, while Woo 
(2009) finds that political polarization exacerbates fiscal instability and increases the sensitivity of 
government expenditure to economic shocks. 

In parallel with the fiscal policy literature, a growing body of research has examined the 
macroeconomic consequences of economic policy uncertainty. The seminal contribution by Baker 
et al. (2016) introduced a systematic measure of EPU and demonstrated its strong association with 
declines in output, investment, and employment. The theoretical foundations of uncertainty effects 
trace to Bernanke (1983), who highlights the role of irreversibility and option value in delaying 
economic decisions under uncertainty. Building on this insight, Bloom (2009) formalizes uncertainty 
shocks as drivers of business cycle fluctuations, showing that heightened uncertainty leads to sharp, 
temporary contractions in economic activity. Microeconomic evidence further reinforces these 
findings. Bloom et al. (2007) show that firm-level investment and hiring decisions are highly sensitive 
to uncertainty, thereby providing micro foundations for aggregate effects. Complementing these 
approaches, Jurado et al. (2015) developed an alternative measure capturing latent macroeconomic 
uncertainty and confirmed its predictive power for economic activity. While this literature 
convincingly establishes uncertainty as a macroeconomic force, it primarily focuses on private-sector 
outcomes, leaving the fiscal response to uncertainty comparatively underexplored. 

An expanding literature has begun to examine the interaction between uncertainty and 
fiscal policy. Using structural models, Born and Pfeifer (2014) show that policy uncertainty affects 
macroeconomic dynamics through expectations and fiscal transmission channels, suggesting that 
fiscal authorities may respond strategically to uncertainty to stabilize economic outcomes. 
Empirical studies further highlight nonlinear and state-dependent effects of uncertainty. Caggiano 
et al. (2014) demonstrate that uncertainty shocks have asymmetric effects across business-cycle 
regimes, implying that fiscal responses may differ between recessions and expansions. 
Methodologically, Ramey (2011) emphasizes the importance of treating government expenditure 
as an endogenous policy response rather than as an exogenous driver of economic activity. 
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Similarly, Ilzetzki et al. (2013) show that fiscal multipliers vary substantially across countries, with 
particularly strong effects in emerging economies. 

Emerging economies are particularly vulnerable to global shocks because of their trade 
openness, financial integration, and limited policy buffers. Rodrik (1998) argues that larger 
governments can serve as a form of social insurance against external volatility, implying a positive 
relationship between exposure to global shocks and public spending. More recently, Eichengreen 
et al. (2008) document that global financial and policy shocks transmit unevenly across emerging 
markets, producing synchronized but heterogeneous macroeconomic responses. These spillovers 
suggest that fiscal outcomes across countries are unlikely to be independent, particularly in periods 
of heightened global uncertainty. 

Macroeconomic panel data also raises several econometric challenges, including persistence, 
non-stationarity, and cross-sectional dependence. Im et al. (2003) propose panel unit root tests that 
accommodate heterogeneity across countries, while Pesaran (2004) develops formal tests for cross-
sectional dependence in panel models. To address unobserved common factors, Pesaran (2006) 
introduces the Common Correlated Effects (CCE) estimator, which augments regression models 
using cross-sectional averages and has become standard in panels subject to global shocks and 
spillovers. Dynamic extensions, grounded in Pesaran et al. (1999), explicitly model long-run 
relationships through error-correction mechanisms. For inference, Driscoll and Kraay (1998) 
propose covariance estimators robust to heteroskedasticity, serial correlation, and cross-sectional 
dependence, while Nickell (1981) highlights biases that arise in dynamic fixed-effects panels. 

Against this background, the present study examines how GEPU shapes government 
expenditure dynamics in emerging market economies. Using an annual panel of 28 emerging 
economies from 1998 to 2023, the analysis employs a comprehensive econometric framework that 
captures both short-run fiscal dynamics and long-run equilibrium relationships while accounting 
for unobserved global common factors. The empirical strategy combines fixed-effects estimation, 
robust inference under cross-sectional dependence, and a dynamic error-correction model 
augmented with cross-sectional averages. 

This study contributes to recent literature in several ways. First, it explicitly models 
government expenditure as an endogenous response to global uncertainty rather than focusing 
solely on output or private-sector outcomes. Second, it concentrates on emerging markets, where 
fiscal constraints and exposure to global shocks are particularly pronounced. Third, by employing 
modern panel techniques that address non-stationarity and global spillovers, the study yields more 
credible inferences than much of the existing literature that relies on static specifications. 

 

Methods  

Data Sources and Sample  

We adopted an unbalanced annual panel of 28 emerging economies from 1998 to 2023. The 
baseline regressions used 672 observations (primarily limited by the availability of financial 
development data), while other variables had up to 728 observations. The sample composition was 
determined by the availability of consistent data on government expenditure, macroeconomic 
indicators, and structural characteristics. The focus on emerging markets is motivated by their 
increased exposure to global shocks, more constrained fiscal space, and the historically procyclical 
fiscal behavior documented in the literature. 

Government expenditure, gross domestic product (GDP) per capita, inflation, population, 
trade openness, financial development, and urbanization data were obtained primarily from the 
World Bank’s World Development Indicators (WDI) and related international databases. These 
sources ensure cross-country comparability and consistency over time. The key explanatory 
variable, global economic policy uncertainty (GEPU), is drawn from the Global Economic Policy 
Uncertainty (GEPU) index developed by Baker et al. (2016). This index aggregates policy 
uncertainty across major economies and captures uncertainty in fiscal, monetary, and regulatory 
policies. Because the GEPU index reflects global conditions rather than country-specific 
developments, it is treated as a common external shock that affects all countries in the sample 
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simultaneously. After merging all series and accounting for missing observations, the final dataset 
contained between 672 and 728 observations, depending on the availability of variables, as shown 
in the descriptive statistics. 

 
Dependent Variable 

The dependent variable in all empirical specifications is government expenditure as a percentage 
of GDP. This measure captures the relative size of the public sector and is widely used in fiscal 
policy literature to assess government activity across countries and over time. Expressing 
government spending relative to GDP facilitates cross-country comparability by scaling 
expenditure by economic size and helps isolate fiscal responses from pure output fluctuations. This 
variable varies significantly across countries and over time, reflecting differences in fiscal capacity, 
institutional development, and macroeconomic conditions. 

 
Key Explanatory Variable: Global Economic Policy Uncertainty 

The central explanatory variable is the GEPU index, which captures uncertainty about economic 
policy decisions in major economies and is constructed from newspaper-based frequency counts, 
tax code expiration measures, and professional forecaster disagreements. 

In the empirical analysis, the GEPU index is mean-centered to facilitate interpretation while 
preserving its original variation. Accordingly, the GEPU coefficient can be interpreted as the 
change in government expenditure (in percentage points of GDP) associated with a one-unit 
increase in the centered global uncertainty index. Because GEPU is common across countries at 
any given time, it serves as a proxy for global shocks that are plausibly exogenous to individual 
emerging economies. 

 
Macroeconomic and Structural Control Variables 

To isolate the fiscal response to global uncertainty, this study includes a set of macroeconomic and 
structural control variables commonly used in fiscal policy research. Income per capita, measured 
as the logarithm of real GDP per capita, controls differences in economic development and fiscal 
capacity across countries. Higher-income economies may have more diversified revenue bases and 
different expenditure priorities, which can influence government expenditure behavior. Inflation, 
measured as the annual percentage change in the consumer price index, reflects macroeconomic 
instability and nominal pressures that may constrain real government expenditure or prompt fiscal 
adjustments. 

Population size, measured logarithmically, controls for scale effects and demographic 
pressures on public expenditure. Larger populations may require higher absolute expenditure but 
lower expenditure ratios because of economies of scale. Trade openness, defined as the sum of 
exports and imports relative to GDP, reflects exposure to external shocks and global integration. 
More open economies may be more vulnerable to global uncertainty, potentially amplifying fiscal 
responses. Financial development is proxied by a standardized index based on domestic credit 
measures. Greater financial development may ease borrowing constraints and allow governments 
to smooth expenditure in response to shocks. Urbanization, measured as the share of the 
population living in urban areas, reflects structural demand for public services, infrastructure, and 
social spending. All continuous control variables, except inflation and population, are standardized 
to improve numerical stability and facilitate the comparison of coefficient magnitudes across 
regressors. 

 
Interaction Term 

To examine whether the fiscal response to global uncertainty varies with the level of economic 
development, the baseline specification includes an interaction term between global uncertainty 
and GDP per capita, allowing the marginal effect of uncertainty on government expenditure to 
vary across countries at different income levels, reflecting potential heterogeneity in fiscal capacity, 
access to credit markets, and institutional quality. 
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Empirical Strategy 

Using an unbalanced annual panel of 28 emerging economies covering 1998 to 2023, this study 
examines the fiscal response of emerging-market governments to GEPU. The empirical strategy is 
designed to address three key challenges inherent in macroeconomic panel data: unobserved 
country-specific heterogeneity, cross-sectional dependence induced by global shocks, and mixed 
orders of integration across variables. 

To address these challenges, the study was conducted in three stages. First, we estimated a 
baseline fiscal reaction function with country fixed effects to capture time-invariant heterogeneity 
across economies. Second, we assessed the robustness of the baseline estimates using Driscoll–
Kraay standard errors, which are robust to heteroskedasticity, serial correlation, and cross-sectional 
dependence. Third, we adopted a dynamic error-correction framework augmented with cross-
sectional averages to distinguish short-run fiscal dynamics from long-run equilibrium relationships, 
while explicitly accounting for unobserved global common factors. 

This study relies exclusively on secondary, publicly available macroeconomic data obtained 
from international databases. The study did not involve human participants; therefore, no 
confidential information or ethical approval was required. The empirical analysis follows standard 
econometric reporting practices in applied macroeconomic research, ensuring transparency, 
reproducibility, and methodological rigor. 

 
Baseline Fixed-Effects Model 

The baseline specification models government expenditure as a function of GEPU, domestic 
macroeconomic conditions, and structural characteristics. The estimated equation is as follows: 

𝐺𝑖𝑡 = 𝛼𝑖 + 𝛽1𝐺𝐸𝑃𝑈𝑡 + 𝛽2𝐺𝐷𝑃𝑝𝑐𝑖𝑡 + 𝛽3(𝐺𝐸𝑃𝑈𝑡 × 𝐺𝐷𝑃𝑝𝑐𝑖𝑡) + 𝛾′𝑋𝑖𝑡 +𝜀𝑖𝑡 (1) 

where (𝐺𝑖𝑡) denotes government expenditure as a percentage of GDP in country (i) at time (t), (𝛼𝑖) 
captures country-specific fixed effects, (𝐺𝐸𝑃𝑈𝑡) denotes the GEPU index, and (𝐺𝐷𝑃𝑝𝑐𝑖𝑡) 
represents real GDP per capita. The vector (𝑋𝑖𝑡) includes inflation, population size (in logarithms), 
trade openness, financial development, and urbanization. 

Year fixed effects are excluded from Equation (1). Because global economic policy 
uncertainty varies only over time and is common across countries, including time dummies would 

mechanically absorb the variation in (𝐺𝐸𝑃𝑈𝑡), thereby leaving its coefficient unidentified. 
Identification, therefore, relies on common global variation in uncertainty over time, combined 
with cross-country heterogeneity in fiscal responses, while country fixed effects absorb all time-
invariant differences across economies. 

Equation (1) is estimated using the fixed-effects estimator with standard errors clustered at 
the country level. Inference is based on country-clustered standard errors, with Driscoll–Kraay 
standard errors used as a robustness check to account for serial correlation and cross-sectional 
dependence. 
 
Robust Inference under Cross-Sectional Dependence 

To ensure valid statistical inference in the presence of cross-sectional dependence and serial 
correlation, Equation (1) is re-estimated using Driscoll–Kraay standard errors. This approach 
preserves the fixed effects point estimates while adjusting the covariance matrix to be robust to 
general forms of spatial and temporal dependence. Table 4 presents the Driscoll–Kraay results. 
 
Dynamic Error-Correction Model with Cross-Sectional Averages 

To distinguish short-run fiscal adjustments from long-run equilibrium relationships and explicitly 
control for unobserved global common factors, we employ a dynamic error-correction 
specification augmented with cross-sectional averages, consistent with the CCE framework. 
The estimated model is: 
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𝛥𝐺𝑖𝑡 = 𝜙𝐺𝑖𝑡−1 + 𝜃1𝐺𝐸𝑃𝑈𝑡−1 + 𝜃2𝐺𝐷𝑃𝑝𝑐𝑖𝑡−1 + 𝜃3𝑙𝑛(𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡−1) + 𝛿1𝛥𝐺𝐸𝑃𝑈𝑡 +

𝛿2𝛥𝐺𝐷𝑃𝑝𝑐𝑖𝑡 + 𝛿3𝛥𝐼𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝜂1𝐺𝑡−1 + 𝜂2𝐺𝐷𝑃𝑝𝑐𝑡−1 + 𝜅1𝛥𝐺𝑡 + 𝜅2𝛥𝐺𝐷𝑃𝑝𝑐𝑡 + 𝛼𝑖 + 𝑢𝑖𝑡  (2) 

where bars denote cross-sectional averages that capture unobserved common factors, and (𝜙 < 0) 
measures the speed of adjustment toward the long-run equilibrium. Equation (2) is estimated using 
fixed effects and country-clustered standard errors.  
 

Results and Discussion 

Descriptive Statistics and Preliminary Evidence 

Table 1 presents descriptive statistics for all variables. Government expenditure averages 
approximately 13% of GDP across the sample, with considerable cross-country and temporal 
variation. GEPU shows substantial volatility, reflecting major episodes such as the global financial 
crisis and the COVID-19 pandemic. Government expenditure averages approximately 13% of 
GDP, with substantial cross-country and time-series dispersion. Global uncertainty is highly 
volatile, consistent with major episodes such as the global financial crisis and the COVID-19 
pandemic. Descriptive statistics are reported for the maximum available sample by variable, 
whereas regression estimates use the common sample implied by each specification (e.g., 672 
observations in the baseline model owing to the availability of financial development data). 
Macroeconomic and structural variables also vary substantially, underscoring the heterogeneity of 
emerging markets and the importance of controlling for country-specific characteristics in 
empirical analysis. 

 
Table 1. Descriptive Statistics 

Variables Mean Std. Dev. Min Max Obs. 

Government spending (% GDP) 13.31 4.40 4.85 28.91 725 
Global EPU (GEPU) 0.00 64.76 −76.16 170.95 728 
Log GDP per capita 0.00 1.09 −2.73 2.56 728 
Inflation (%) 6.94 8.55 −2.50 84.60 728 
Log population 3.74 1.26 1.33 7.27 728 
Trade openness 0.00 1.00 −1.62 4.20 728 
Financial development 0.00 1.00 −1.77 2.90 672 
Urbanization 0.00 1.00 −1.96 1.69 728 

Notes: Control variables reported in standardized form have a mean of zero and unit variance. GEPU is 
mean-centered but retains its original scale. 

 
Table 2. Panel Unit Root Tests (Levels) – IPS 

Variable W-t-bar p-value Order 

Government expenditure −1.42 0.077 I(0) 
GEPU 0.03 0.512 I(1) 
Log GDP per capita −0.94 0.173 I(1) 
Inflation −2.21 0.014 I(0) 
Log population −0.31 0.379 I(1) 
Trade openness −0.68 0.249 I(1) 
Financial development −0.41 0.341 I(1) 
Urbanization −0.52 0.301 I(1) 

 
To assess the time-series properties of the panel, unit root tests were conducted using the 

Im–Pesaran–Shin (IPS) and Fisher-type augmented Dickey–Fuller procedures. Tables 2 and 3 
show that government expenditure and inflation are stationary at levels, whereas global uncertainty, 
income per capita, population, trade openness, financial development, and urbanization are non-
stationary but become stationary after first difference (Table 4). This mixed order of integration 
motivates the use of an error-correction framework. 
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Table 3. Panel Unit Root Tests (Levels) – Fisher ADF 

Variable χ² statistic p-value Order 

Government expenditure 68.41 0.031 I(0) 
GEPU 41.22 0.612 I(1) 
Log GDP per capita 45.10 0.487 I(1) 
Inflation 92.55 0.001 I(0) 
Log population 39.67 0.654 I(1) 
Trade openness 44.90 0.501 I(1) 
Financial development 42.36 0.593 I(1) 
Urbanization 40.12 0.637 I(1) 

 
Table 4. Panel Unit Root Tests (First Differencing) 

Variable IPS W-t-bar Fisher χ² Stationary 

Δ Government expenditure −14.11 388.56 Yes 
Δ GEPU −12.81 319.19 Yes 
Δ Log GDP per capita −8.57 215.15 Yes 
Δ Inflation −19.36 613.96 Yes 
Δ Log population −2.07 104.03 Yes 
Δ Trade openness −17.43 519.61 Yes 
Δ Financial development −12.31 337.29 Yes 
Δ Urbanization −3.52 236.11 Yes 

 
Cross-sectional dependence was formally tested using Pesaran’s (2004) CD test applied to 

the residuals from the baseline fixed-effects model. The test strongly rejects the null hypothesis of 
cross-sectional independence (CD = 8.91, p < 0.001), indicating the presence of unobserved global 
factors affecting fiscal outcomes across countries. These diagnostic results underscore the 
importance of accounting for common global shocks and motivate the use of Driscoll–Kraay 
inference and a CCE-based dynamic error-correction framework in subsequent estimations. 
 
Baseline Fixed-Effects Estimates 

Table 5 presents the baseline fixed effects estimates from Equation (1). GEPU enters with a 
positive, statistically significant coefficient, indicating that higher global uncertainty is associated 
with higher government expenditure as a share of GDP in emerging economies. This finding is 
consistent with the interpretation of fiscal policy as a countercyclical or precautionary tool during 
increased global risk. 
 

Table 5. Baseline Fixed-Effects Estimates 
Dependent variable: Government expenditure (% of GDP) 

Variable Coefficient Std. Error t-statistic 

Global Economic Policy Uncertainty (GEPU) 0.0088*** 0.0023 3.73 

Log GDP per capita −0.261 0.491 −0.53 

GEPU × Log GDP per capita 0.0042** 0.0018 2.29 

Inflation −0.0117 0.0107 −1.09 

Log population −7.697*** 1.642 −4.69 

Trade openness −0.103 0.373 −0.28 

Financial development 0.636 0.576 1.11 

Urbanization 3.407*** 0.957 3.56 

Constant 42.147*** 6.131 6.87 

Within R²: 0.305 
Observations: 672 
Countries: 28 

   

Notes: Country fixed effects are included. Standard errors are clustered at the national level.  
 *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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Income per capita enters with a negative coefficient, suggesting that higher-income 
emerging economies tend to maintain smaller public sectors once unobserved heterogeneity is 
controlled, although this effect is statistically insignificant in the baseline specification. Importantly, 
the interaction between global uncertainty and income per capita is positive and statistically 
significant, indicating that fiscal responses to uncertainty are stronger in more developed emerging 
economies. 

Among the control variables, population size is strongly negatively associated with 
government expenditure ratios, reflecting scale effects on public expenditure. Urbanization has a 
positive and statistically significant effect, consistent with higher demand for public services and 
infrastructure in more urbanized societies. Inflation, trade openness, and financial development do 
not show robust effects in the baseline fixed-effects model. 

 
Robustness to Cross-Sectional Dependence 

Table 6 presents fixed-effects estimates with Driscoll–Kraay standard errors. The coefficient on 
GEPU remains positive and statistically significant, confirming the robustness of the baseline result 
to cross-sectional dependence and serial correlation. The interaction between uncertainty and 
income per capita remains positive and significant, further supporting evidence of heterogeneous 
fiscal responses across emerging economies. 

 
Table 6. Fixed-Effects Estimates with Driscoll–Kraay Standard Errors 

Dependent variable: Government expenditure (% of GDP) 

Variable Coefficient Driscoll–Kraay Std. Error t-statistic 

Global Economic Policy Uncertainty (GEPU) 0.0088*** 0.0025 3.55 
Log GDP per capita −0.261 0.161 −1.62 
GEPU × Log GDP per capita 0.0042*** 0.0012 3.59 
Inflation −0.0117 0.0116 −1.01 
Log population −7.697*** 1.029 −7.48 
Trade openness −0.103 0.264 −0.39 
Financial development 0.636** 0.288 2.21 
Urbanization 3.407*** 0.736 4.63 
Constant 42.147*** 3.802 11.09 
Within R²: 0.305    
Observations: 672 
Countries: 28 

   

Notes: The estimation uses fixed effects with Driscoll–Kraay standard errors robust to heteroskedasticity, 
serial correlation, and cross-sectional dependence. *, **, and *** denote significance at the 10%, 5%, and 
1% levels, respectively. The magnitudes and signs of the remaining control variables are largely unchanged, 
indicating that the baseline findings are not driven by unmodeled global shocks or error correlation. 

 
Dynamic Adjustment and Long-Run Relationships 

Table 7 presents the results from the dynamic CCE error-correction model (ECM). The estimation 
sample differs from Tables 5 and 6 because the ECM uses lags and first differences and excludes 
financial development owing to data limitations. The coefficient on the lagged level of government 
expenditure is negative and highly statistically significant (−0.281), confirming a stable long-run 
equilibrium relationship among government expenditure, GEPU, and domestic economic 
conditions. The magnitude of the error-correction term indicates that approximately 28% of 
deviations from long-run fiscal equilibrium are corrected within one year, suggesting a relatively 
rapid fiscal adjustment process in emerging market economies. 

The positive coefficient on lagged GEPU indicates that global uncertainty shifts the 
expenditure trajectory beyond contemporaneous adjustments, consistent with persistent effects 
rather than purely short-lived responses. Income per capita enters negatively in the long-run 
relationship, consistent with static results. Short-run dynamics show that contemporaneous 
increases in global uncertainty are associated with higher government expenditure growth, whereas 
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changes in income per capita and inflation have contractionary effects on fiscal expansion. The 
cross-sectional averages absorb unobserved global shocks, ensuring that the estimated coefficients 
reflect country-specific fiscal behavior rather than synchronized global movements. 
 

Table 7. Dynamic Common Correlated Effects Error-Correction Estimates 
Dependent variable: Δ Government Spending (% of GDP) 

Variable Coefficient Std. Error t-statistic 

Error-correction term (L. Government spending) −0.281*** 0.040 −7.04 
L. Global Economic Policy Uncertainty (GEPU) 0.0020** 0.0010 2.06 
L. Log GDP per capita −0.313 0.234 −1.34 
L. Log population −2.909*** 1.019 −2.85 
Δ GEPU 0.0021* 0.0012 1.86 
Δ Log GDP per capita −2.856*** 0.704 −4.05 
Δ Inflation −0.025*** 0.006 −3.98 
L. Cross-sectional avg. government spending 0.326 0.215 1.52 
L. Cross-sectional avg. GDP per capita 0.821** 0.305 2.69 
Δ Cross-sectional avg. government spending 0.895*** 0.241 3.71 
Δ Cross-sectional avg. GDP per capita 3.427* 1.822 1.88 
Constant 10.253*** 3.187 3.22 
Observations: 696 
 Countries: 28 

   

Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Estimators: fixed 
effects with cross-sectional averages (CCE-ECM); Standard errors: clustered at the country level. Cross-
sectional averages in levels and first differences control for unobserved common global factors. The sample 
differs from Tables 3 and 4 owing to lag/difference construction and variable availability. 

 
A Hausman specification test was conducted to evaluate the appropriateness of the fixed-

effects estimator relative to the random-effects alternative. The test strongly rejects the null 
hypothesis that the random-effects estimator is consistent (χ² = 41.8, p < 0.001), confirming that 
the fixed-effects specification is the appropriate model for the empirical analysis. Collectively, 
evidence from static fixed-effects regressions, Driscoll–Kraay robustness checks, and the dynamic 
CCE error-correction framework consistently supports the conclusion that GEPU is central to 
shaping government expenditure dynamics in emerging market economies. Fiscal responses to 
uncertainty operate through both short-run adjustments and persistent long-run mechanisms, even 
after accounting for no stationarity, cross-sectional dependence, and unobserved global factors. 
 
Discussion and Policy Implications 

The empirical analysis provides consistent, robust evidence that global economic policy uncertainty 
(GEPU) significantly influences government expenditure dynamics in emerging market economies, 
both statistically and economically. Across baseline fixed-effects estimates, Driscoll–Kraay robust 
inference, and the dynamic error-correction framework, heightened global uncertainty is associated 
with an expansion in government expenditure as a share of GDP. The stability of this finding 
across alternative specifications indicates that fiscal responses to global uncertainty reflect 
systematic policy behavior rather than model-specific artifacts or spurious correlations. These 
results are consistent with a growing literature emphasizing the macroeconomic consequences of 
policy uncertainty for government decision-making and fiscal outcomes (Baker et al., 2016; Bloom, 
2009; Caldara et al., 2020; Mumtaz & Ruch, 2025). 

These findings are consistent with earlier evidence that fiscal policy responds systematically 
to external shocks in emerging markets. For example, Rodrik (1998) argues that government 
expenditure serves as social insurance against global volatility, while Alesina et al. (2008) emphasize 
the role of institutional capacity in shaping fiscal responses. More recent empirical studies also 
show that policy uncertainty can influence macroeconomic policy behavior by altering 
expectations, risk perceptions, and fiscal policy priorities (Gulen & Ion, 2015; Julio & Yook, 2012; 
Mumtaz & Ruch, 2025). Unlike studies such as Baker et al. (2016) and Bloom (2009), which focus 
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primarily on output, investment, and private-sector channels, the present analysis demonstrates 
that uncertainty directly affects public expenditure decisions. By accounting for non-stationarity 
and unobserved common global factors, this study also extends prior panel evidence that relied on 
static specifications and potentially overstated short-run effects (Chudik & Pesaran, 2015; Pesaran, 
2006). 

From an economic perspective, these results align with precautionary and stabilization-
oriented views of fiscal policy. Heightened global uncertainty raises downside risks to private 
investment and consumption, prompting governments to increase public expenditure to stabilize 
domestic economic activity and support aggregate demand. This mechanism is consistent with 
theoretical and empirical research showing that uncertainty shocks can amplify macroeconomic 
fluctuations and trigger countercyclical fiscal responses (Bloom, 2009; Caldara et al., 2020; 
Fernández-Villaverde et al., 2015; Jurado et al., 2015; Mumtaz & Ruch, 2025). Importantly, the 
positive association between global uncertainty and government spending persists even after 
controlling for cross-sectional dependence and unobserved global common factors, suggesting that 
emerging market governments actively adjust their fiscal policies in response to external risk rather 
than passively absorbing global shocks. 

The interaction between global uncertainty and income per capita further indicates that 
fiscal responses are not uniform across emerging markets. The positive and statistically significant 
interaction term implies that higher-income emerging economies have a stronger expenditure 
response to global uncertainty, reflecting greater fiscal capacity, improved access to financing, and 
more developed institutional frameworks. In contrast, lower-income emerging markets may face 
binding fiscal constraints that limit their ability to expand expenditure in response to external 
uncertainty, even when stabilization needs are substantial. This heterogeneity is consistent with 
research highlighting the importance of fiscal space, institutional quality, and financial development 
in shaping macroeconomic policy responses to global shocks (Alesina et al., 2008; Arroyo et al., 
2024; Ilzetzki et al., 2013). 

Structural factors also play a critical role in shaping fiscal outcomes. Urbanization 
consistently emerges as a robust positive determinant of government expenditure, reflecting higher 
demand for public services, infrastructure, and social expenditure in more urbanized economies. 
In contrast, population size is negatively associated with government expenditure ratios, suggesting 
scale effects in public service provision. Financial development becomes statistically significant 
when inference is robust to cross-sectional dependence, indicating that deeper financial systems 
may enhance governments’ ability to smooth expenditure in the presence of uncertainty and 
external shocks. These findings align with previous studies emphasizing the role of structural 
transformation, financial development, and demographic dynamics in determining public 
expenditure patterns (Arroyo et al., 2024; Svirydzenka, 2016). 

The dynamic error-correction results provide further insights into the temporal dynamics 
of fiscal adjustment. The statistically significant negative error-correction term confirms the 
existence of a stable long-run equilibrium relationship between government expenditure, global 
uncertainty, and domestic economic conditions. The estimated speed of adjustment indicates that 
approximately one-quarter to one-third of deviations from long-run fiscal equilibrium are corrected 
within a year, suggesting relatively rapid fiscal adjustment in emerging markets. These results are 
consistent with dynamic macroeconomic models in which fiscal policy gradually adjusts toward 
long-run targets while responding to short-run shocks (Chudik & Pesaran, 2015; Pesaran, 2006; 
Pesaran et al., 1999). 

From a policy perspective, these findings have important implications for fiscal 
sustainability in emerging markets. While expansionary fiscal responses to global uncertainty may 
stabilize economic activity in the short run, persistent increases in government expenditure can 
place pressure on public finances, particularly in economies with limited fiscal space or high debt 
burdens. Therefore, policymakers should complement countercyclical fiscal interventions with 
credible medium-term fiscal frameworks that balance stabilization objectives with sustainability 
concerns. Strengthening fiscal institutions, improving expenditure efficiency, and prioritizing 
growth-enhancing public investment can help ensure that uncertainty-driven fiscal responses do 
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not undermine long-term fiscal sustainability (Arroyo et al., 2024; Debrun et al., 2008; Frankel et 
al., 2013). 

More broadly, the results suggest that global economic policy uncertainty has become a 
structural feature of the international economic environment rather than a temporary disturbance. 
For emerging market economies, this implies that fiscal policy design must increasingly account 
for recurring global risks and heightened macroeconomic volatility. Developing institutional 
mechanisms that enable flexible yet disciplined fiscal responses—such as well-designed fiscal rules 
with escape clauses or stabilization funds—may enhance resilience to future uncertainty shocks 
and strengthen macroeconomic stability (Frankel et al., 2013; Mumtaz & Ruch, 2025).  

This study has certain limitations. First, while the GEPU index captures global policy-
related uncertainty, it does not allow identification of specific transmission channels through which 
uncertainty affects fiscal decisions. Second, the analysis focuses on aggregate government 
expenditure and does not distinguish between current and capital spending, which may respond 
differently to uncertainty shocks. Third, data limitations restrict the sample size and prevent the 
inclusion of certain institutional variables. These limitations suggest promising directions for future 
research, including disaggregated fiscal analysis, the role of fiscal rules, and the interaction between 
institutional quality and fiscal responses to global uncertainty. 

Overall, the study demonstrates that fiscal policy in emerging markets operates at the 
intersection of global risk and domestic capacity. By showing that global uncertainty affects 
government expenditure through both short-run adjustments and long-run equilibrium 
mechanisms, the analysis advances understanding of how emerging market governments navigate 
an increasingly uncertain global economic environment. 
 

Conclusion 

This study examines how GEPU shapes government expenditure dynamics in emerging market 
economies from 1998 to 2023. Motivated by emerging markets' growing exposure to global shocks 
and unresolved debates in fiscal policy literature, the study combines a conventional fixed-effects 
framework with robust inference techniques and a dynamic ECM that explicitly accounts for non-
stationarity and cross-sectional dependence. 

The empirical results provide consistent evidence that heightened GEPU is associated with 
higher government expenditure as a share of GDP in emerging markets. This relationship is robust 
across static specifications, Driscoll–Kraay-corrected estimates, and a dynamic CCE error-
correction framework. Importantly, the dynamic results confirm a stable long-run relationship 
between government expenditure, global uncertainty, and domestic economic conditions, while 
also revealing meaningful short-run adjustment dynamics. 

By explicitly addressing mixed orders of integration and unobserved global common 
factors, this study resolves key methodological concerns that constrain the interpretability of earlier 
studies. The findings indicate that fiscal responses to global uncertainty are not purely transitory 
but rather reflect persistent adjustments consistent with precautionary and stabilization motives. 
This insight contributes to the literature by bridging short-run fiscal reactions and long-run 
equilibrium behavior in emerging markets, an area that has received limited empirical attention. 

These findings have several important implications for policy. As global uncertainty is 
increasingly beyond the control of emerging market policymakers, fiscal authorities face mounting 
pressure to respond through public expenditure. While such responses may help stabilize domestic 
economies in the short run, they also raise concerns about fiscal sustainability, particularly in 
countries with limited fiscal space or constrained access to financial markets. Strengthening fiscal 
frameworks, improving expenditure efficiency, and building countercyclical buffers can mitigate 
these risks. 

This study has several limitations. First, although the GEPU index captures common 
shocks, it cannot fully disentangle the transmission channels through which uncertainty affects 
fiscal decisions. Second, the study explores aggregate government expenditure and does not 
distinguish between current and capital expenditure, which may respond differently to uncertainty. 
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These limitations point to promising avenues for future research, including disaggregating fiscal 
components and examining the interaction among uncertainty, fiscal rules, and institutional quality. 

Overall, using a rigorous econometric framework, this study provides new empirical 
evidence of the fiscal consequences of global uncertainty in emerging markets. By integrating 
robust static and dynamic approaches, the study advances understanding of how governments 
adjust fiscal policies amid rising global uncertainty and offers insights relevant to both academic 
research and policy design. 
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Abstract 

Purpose — Adopting an asymmetric approach, this study analyses the 
impact of economic and monetary uncertainties on money demand 
within an open-economy framework for Pakistan. Its primary objective 
is to assess whether the positive and negative components of each type 
of uncertainty deliver a differential impact on money demand.  

Methods — The study employs the Nonlinear Autoregressive 
Distributed Lag (NARDL) framework to examine the long-run and 
short-run money demand function over the period 1975–2024. 

Findings — The results reveal distinct asymmetric effects. Rising 
economic uncertainty decreases money demand, while a decline in 
economic uncertainty has a positive but comparatively weaker effect. 
Conversely, increasing monetary uncertainty increases demand, while a 
decline in monetary uncertainty reduces demand for money. These 
findings suggest that for the positive component of economic 
uncertainty, the substitution effect dominates the precautionary effect; 
however, as monetary uncertainty increases, the precautionary effect 
overwhelms the substitution effect. The overall findings also indicate 
that agents are more sensitive to real sector volatility than to monetary 
volatility. Moreover, the exchange rate, along with traditional 
determinants, significantly influences short- and long-run money 
demand.  

Implication — The results suggest that monetary authorities should 
consider the source and sign of uncertainty shocks to properly anticipate 
liquidity needs and achieve monetary stability.  

Originality — This study is the first of its kind in Pakistan to explore 
the asymmetric relationship among economic volatility, monetary 
volatility, and money demand within an open-economy framework. 

Keywords — Money Demand; Economic Uncertainty; Monetary 
Uncertainty; NARDL 

 

Introduction 

A thorough understanding of money demand is crucial, as it underpins sound monetary policy and 
financial stability. It provides a link between monetary policy and macroeconomic outcomes and 
helps central banks gauge liquidity preferences. Its importance was underscored by the 2007–2008 
global financial crisis, which highlighted how macroeconomic uncertainty affects portfolio choices 
and economic behaviour.  
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The conventional theories of money demand focus on the transaction and opportunity-
cost motives, which are usually represented by real income and interest rates (Keynes, 1936). 
Extrapolations of these models also introduce uncertainty as an additional predictor, as volatility 
in income or prices can be an important determinant of liquidity preferences. Friedman (1984) 
pioneered this line of inquiry by arguing that volatility in money growth (a proxy for monetary 
policy uncertainty) increases overall uncertainty, leading people to hold more cash (i.e., reducing 
velocity). Similarly, Choi and Oh (2003) theoretically showed that output volatility (real uncertainty) 
induces labour market and income uncertainty, which, in turn, can increase precautionary money 
holdings.  

Empirical studies have largely supported these ideas: for example, Friedman’s (1984) 
hypothesis was tested by Hall and Noble (1987), who confirmed that uncertainty about money 
growth increases money demand. Atta-Mensah (2004) and Cronin and Kennedy (2007) found that 
increased economic uncertainty causes agents to prefer safer assets over cash, while studies like 
Bruggeman et al. (2003), Greiber and Lemke (2005) and Puah (2008) reported that real or monetary 
volatility tends to raise money demand. Likewise, by constructing indices of macroeconomic 
uncertainty, Bahmani-Oskooee et al. (2012), Bahmani-Oskooee et al. (2013), Bahmani-Oskooee et 
al. (2015), and Ozdemir and Saygili (2013) found a significant role of both output and monetary 
uncertainty on demand for money. Recently, Kurniawan et al. (2022) underscore the significant 
negative impact of economic uncertainty on money demand in Indonesia. Choudhry (2023) 
reported that economic policy uncertainty significantly reduces narrow and broad money demand 
in the UK. Wu et al. (2025), by employing the Toda-Yamamoto long-run causality method across 
28 economies, demonstrated a significant role of economic uncertainty and fear factor in driving 
precautionary money demand. Nosheen et al. (2025) explained the significant role of economic and 
monetary uncertainty on money demand in selected Asian countries.  

A key insight from recent work is that the response of money demand may be asymmetric. 
That is, positive and negative shocks to uncertainty might have different effects on cash holdings. 
Bahmani-Oskooee and Maki-Nayeri (2018), Bahmani-Oskooee and Nayeri (2018) provided 
evidence of such asymmetries in Korea and Australia: during high uncertainty, people hold more 
money, but when uncertainty falls, the reduction in holdings is smaller. Expectations about future 
volatility play a role: even when current uncertainty is low, if people expect future instability, they 
may still hold large cash balances. These findings suggest that money demand should be modelled 
with separate effects for increases and decreases in uncertainty. Tan et al. (2020) in China and 
Bahmani-Oskooee and Arize (2020) in Africa documented that the increase in uncertainty tends to 
have larger impacts than decrease. These works typically conclude that ignoring asymmetry would 
miss important dynamics of cash holdings. Recently, using the economic policy uncertainty (EPU) 
index, studies found an asymmetric impact of EPU on money demand, with different magnitudes 
and strengths. These studies highlighted the importance of incorporating nonlinearity while 
examining the relationship among real, monetary, overall policy uncertainty, and money demand 
(For example, Ongan and Gocer (2019) for Japan; Ivanovski and Churchill (2019) for Australia; 
Bahmani-Oskooee and Nayeri, 2020 for Japan; Hossain and Arwatchanakarn (2020) for New 
Zealand; Bahmani-Oskooee and Aftab (2022) for China; Nusair et al. (2024) for advanced 
economies; and  Elroukh (2024) for GCC countries).  

Pakistan provides a relevant case for exploring these issues. The country has experienced 
significant financial and policy reforms (Zaidi, 2015; Choudri et al., 2015) – including 
liberalisation of markets, inflationary episodes, and shifts in exchange-rate policy – all of which 
can influence money demand. Previous studies of Pakistan’s money demand (Ahmad & Munirs, 
2002; Azim et al., 2010; Gul & Sajid, 2020) generally reported a stable long-run relationship 
driven by income and interest rates, while Akbar (2021) examined the significant impact of 
inflation uncertainty and exchange-rate volatility on money demand. In the context of economic 
and policy uncertainty, Mukhtar and Jehan (2022) established a significant response of money 
demand to economic and monetary uncertainty in Pakistan. They identified that economic agents 
are more responsive to economic uncertainty than to monetary uncertainty. Hence, the existing 
literature mainly explores the determinants of money demand in Pakistan, whereas only a limited 
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body of literature examines the role of uncertainty in determining it. However, none of these 
studies tests for asymmetric effects. A review of the extant literature makes three salient 
conclusions. First, the strong empirical support for Friedman's hypothesis emphasises the 
importance of including measures of uncertainty in the money demand function. Second, the 
empirical work that has been done so far on Pakistan is still mostly limited to the estimation of 
traditional specifications, thus highlighting a major gap. Consequently, there is an unquenchable 
need to enrich the model with relevant uncertainty proxies to re-examine the operational validity 
of the demand-for-money framework in Pakistan’s economic context. Thirdly, although the 
asymmetric relationship is acknowledged globally, its specific dynamics in Pakistan remain poorly 
understood. Pakistan’s unique economic conditions, marked by structural reforms, persistent 
inflationary pressures, and external sector vulnerabilities, require a dedicated asymmetric analysis 
to model money demand accurately and formulate effective stabilisation policies. To bridge this 
gap, the present research estimates a money demand function in an open-economy context for 
Pakistan that incorporates measures of both economic and monetary uncertainty and uses the 
Nonlinear Autoregressive Distributed Lag (NARDL) framework to capture potential 
nonlinearity. We show that money demand in Pakistan indeed responds asymmetrically to 
uncertainty shocks, with different implications for policy.  

The rest of the study is divided into the following structure. Section 2 explains the 
methodological framework, such as the data sources and method of estimation used in the analysis. 
The empirical results are reported in Section 3. Lastly, section 4 provides conclusions and considers 
the broader policy implications of the research. 

 

Methods  

Model and Data 

The standard model of money demand posits a functional relationship in which MD is commonly 
expressed as a function of a scale variable (i.e., real income) and the opportunity cost of holding 
money (i.e., the interest rate and inflation rate). In addition, the integration of the domestic financial 
market with international financial markets highlights the potential for currency substitution, 
thereby providing a strong theoretical rationale for including the exchange rate in the standard 
money demand equation (Mundell, 1963). Building upon this conventional approach and following 
Choi and Oh (2003) and Bahmani-Oskooee et al. (2015), our study extends the conventional 
monetary framework by incorporating economic uncertainty (proxied by output uncertainty) and 
monetary uncertainty (measured by money supply uncertainty) as the main regressors. This 
modification gives the following regression specification: 

𝐿𝑀𝑡 = 𝜃0 + 𝜃1𝐿𝑌𝑡 + 𝜃2𝑅𝑡 + 𝜃3𝐼𝑁𝐹𝑡 + 𝜃4𝐿𝐸𝑋𝑡 + 𝜃5𝑉𝑌𝑡 + 𝜃6𝑉𝑀𝑡 + 𝑢𝑡   (1) 

The empirical model, as indicated in Eq. (1), is estimated using the following variables. The 
dependent variable is the natural logarithm of real money balances (LM), defined as M2 deflated by 
the GDP deflator. The key determinants are the natural logarithm of real GDP (LY), the scale 
variable, the interest rate (R), represented by the discount rate, the inflation rate (INF) to measure 
opportunity cost, and the natural logarithm of the nominal exchange rate (LEX) to account for 
currency substitution. In this extended specification, the model uses two measures of uncertainty: 
economic uncertainty (VY), the rolling standard deviation of real GDP growth, and monetary 
uncertainty (VM), the rolling standard deviation of nominal money (M2) growth. Asymmetric effects 
are accounted for by decomposing each uncertainty measure into positive and negative partial sums, 
which indicate the incremental and decremental effects on uncertainty, respectively. Where the 
subscript t is the time per year, and u symbolises the white-noise error term.  

The study uses annual observations from 1975 to 2024. Data on broad money (M2), nominal 
GDP, and consumer price index—used to construct the inflation rate—are compiled using the 
World Bank’s World Development Indicators database. Data pertaining to discount rate, GDP 
deflator, and nominal exchange rate are taken from the International Financial Statistics maintained 
by the International Monetary Fund. The data and variable descriptions are in Table 1. 
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Table 1. Variables Construction and Data Sources 

Variable Name Operational Definition for 
Empirical Analysis 

Data Source 

Monetary Aggregate/Broad 
Money (M2) 

Natural log of Real Money Balance 
= M2/GDP deflator (LM) 

World Development Indicators 
by World Bank (2025) 

Gross Domestic Product 
(constant US Dollar) 

Natural Log of Real GDP (LY) World Development Indicators 
by World Bank (2025) 

Interest Rate Discount Rate (% per annum) International Financial Statistics 
by IMF (2025) 

Inflation Rate Percentage Change in the Consumer 
Price Index (Inflation Rate)  

World Development Indicators 
by World Bank (2025) 

Exchange Rate  Natural Log of Nominal Exchange 
Rate (i.e. Pak Rupee per US Dollar)  

International Financial Statistics 
by IMF (2025) 

Economic Uncertainty  Rolling Standard Deviation of Real 
GDP Growth  

Authors’ Own Construction  

Monetary Uncertainty  Rolling Standard Deviation of 
Nominal Money (M2) Growth. 

Authors Construction  

GDP Deflator  GDP Deflator International Financial Statistics 
by IMF (2025) 

 
Econometric Technique  

The study makes use of the NARDL model put forward by Shin et al. (2014) to examine the short-
run and long-run reactions of money demand to the changes in VY and VM. Traditional prior 
research on the topic of money demand has used linear time-series models, such as the Engle-
Granger, Johansen Cointegration, and ARDL models. Whereas these econometric methodologies 
are effective in determining long-run equilibrium relations and short-term dynamics, they have an 
inherent assumption of being symmetric (linear) of interaction between money demand and its 
determinants. The assumption of symmetry, however, could be too limiting, especially during 
economic policy interventions or structural change within the studied sample period (Ibrahim, 
2015). In such cases, the reaction of economic agents may differ depending on whether an 
explanatory variable increases or decreases. As a result, the econometric models that allow 
nonlinear and asymmetric adjustments provide a more realistic description of economic behaviour. 
The assumption of symmetry presumes that the influence of a 1 percent rise in explanatory 
variable(s) like X on the dependent variable like Y is identical to a 1 percent fall in X on Y, while 
the phenomenon of asymmetry argues that such impacts of increase and decrease are not equal. 

Shin et al. (2014) advanced the NARDL model and, thus, endowed it with several substantive 
advantages over traditional approaches to cointegration. The most important of them is the ability of 
the model to combine both the testing of asymmetric long-run relations with short-run dynamics 
into a single framework that is coherent and enhances the strength of cointegration tests in a 
significant way, particularly with small samples. In addition, the NARDL methodology departs from 
the rigid assumption that all regressors share the same integration order. The model is robust despite 
the inclusion of variables that are either I(0) or I(1), which enhances both its flexibility and practical 
applicability. The model (1) presented in the NARDL framework is given below: 

∆𝐿𝑀𝑡 = 𝛾0 + 𝛾1𝐿𝑀𝑡−1 + 𝛾2𝐿𝑌𝑡−1 + 𝛾3𝑅𝑡−1 + 𝛾4𝐼𝑁𝐹𝑡−1 + 𝛾5𝐿𝐸𝑋𝑡−1 + 𝛾6∆𝑉𝑌𝑡−1
+ + 𝛾7∆𝑉𝑌𝑡−1

− +
𝛾8∆𝑉𝑀𝑡−1

+ + 𝛾9∆𝑉𝑀𝑡−1
− + ∑ 𝛿1𝑖∆𝐿𝑀𝑡−𝑖 +

𝑝
𝑖=1 ∑ 𝜑1𝑖Δ𝐿𝑌𝑡−1

𝑞
𝑖=0 + ∑ 𝜙1𝑖Δ𝑅𝑡−𝑖

𝑞
𝑖=0 +

∑ 𝜙1𝑖Δ𝐼𝑛𝑓𝑡−𝑖
𝑞
𝑖=0 + ∑ 𝜔1𝑖

𝑞
𝑖=0 Δ𝐿𝐸𝑋 + ∑ 𝜃1𝑖∆𝑉𝑌𝑡−𝑖

+ +
𝑞
𝑖=0

∑ 𝜂1𝑖Δ𝑉𝑌𝑡−𝑖
−𝑞

𝑖=0 + ∑ 𝜋1𝑖∆𝑉𝑀𝑡−𝑖
+ + ∑ 𝜌1𝑖Δ𝑉𝑀𝑡−𝑖

−𝑞
𝑖=0

𝑞
𝑖=0 + 𝑣𝑡  (2) 

where, VY and VM are divided into their partial sum components in model (2), with the positive 
and negative partial sums being the focus as: 

𝑉𝑌𝑡 = 𝑉𝑌0 + 𝑉𝑌𝑡
+ + 𝑉𝑌𝑡

− 

𝑉𝑌0 denotes no change in the VY series (i.e. a threshold value of zero), 𝑉𝑌𝑡
+is the partial sum of 

positive changes in the VY series given by: 
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𝑉𝑌𝑡
+ = ∑ ∆𝑉𝑌𝑖

+ = ∑ 𝑚𝑎𝑥(∆𝑉𝑌𝑖
+, 0)

𝑡

𝑖=1

𝑡

𝑖=1

 

𝑉𝑌𝑡
−is the partial sum of negative changes in the VY series calculated by: 

𝑉𝑌𝑡
− = ∑ ∆𝑉𝑌𝑖

− = ∑ 𝑚𝑖𝑛(∆𝑉𝑌𝑖
−, 0)

𝑡

𝑖=1

𝑡

𝑖=1

 

Similarly, VM is divided into its positive and negative partial sums in model (2) as: 

𝑉𝑀𝑡 = 𝑉𝑀0 + 𝑉𝑀𝑡
+ + 𝑉𝑀𝑡

− 

𝑉𝑀0indicates no change in the 𝑉𝑀0series (i.e. threshold value equal to zero), 𝑉𝑀𝑡
+ is the partial 

sum of positive changes in the VM series calculated by: 

𝑉𝑀𝑡
+ = ∑ ∆𝑉𝑀𝑖

+ = ∑ 𝑚𝑎𝑥(∆𝑉𝑀𝑖
+, 0)

𝑡

𝑖=1

𝑡

𝑖=1

 

𝑉𝑀𝑡
−is the partial sum of negative changes in the VM series given by: 

𝑉𝑀𝑡
− = ∑ ∆𝑉𝑀𝑖

− = ∑ 𝑚𝑖𝑛(∆𝑉𝑀𝑖
−, 0)

𝑡

𝑖=1

𝑡

𝑖=1

 

Eq. (2) represents the error correction model (ECM) specification. In this chosen 
formalisation, the coefficients on the first-differenced terms (Δ) capture short-run dynamics, and 
the parameters on the one-period lagged level variables reflect the long-run relationships. 

The long- run impacts of positive and negative changes in VY and VM on money demand 

are given by −
𝛾6

𝛾1
, −

𝛾7

𝛾1
 , −

𝛾8

𝛾1
, 𝑎𝑛𝑑 −

𝛾9

𝛾1
, , respectively. For evidence of a short-run relationship in 

model (2), the lagged level variables can be substituted with the lag of the error correction term 

(𝐸𝐶𝑇𝑡−1). After estimating the parameters of model (2), the null hypothesis of no cointegration is 
tested using the cointegration test as follows: 

𝛾1 = 𝛾2 = 𝛾3 = 𝛾4 = 𝛾5=𝛾6 = 𝛾7 = 𝛾8 = 𝛾9 = 0 

To this end, the estimated F- test value is compared to Pesaran et al. (2001) lower and 
upper bounds critical values of the F-test statistic. The presence of cointegration between money 
demand and all of the explanatory variables in model (2) is indicated by the rejection of the null 
hypothesis. If cointegration between money demand and all explanatory variables is established, 
the long- run asymmetry inferences in model (2) can be drawn using the Wald test and the following 
null hypotheses of symmetry: 

Null Hypothesis:−
𝛾6

𝛾1
= −

𝛾7

𝛾1
  

Null Hypothesis:−
𝛾8

𝛾1
= −

𝛾9

𝛾1
  

In the same way, the short-run asymmetric association is identified using the Wald test on the 
following null hypotheses of symmetric influence of VY and VM on money demand in Pakistan: 

Null Hypothesis: ∑ 𝜃1𝑖 = ∑ 𝜂1𝑖
𝑞
𝑖=0

𝑞
𝑖=0   

Null Hypothesis: ∑ 𝜋1𝑖 = ∑ 𝜌1𝑖
𝑞
𝑖=0

𝑞
𝑖=0   

This research employs the NARDL model, adhering to the methodological approach as 
developed by Shin et al. (2014). To this end, the first and essential step is to decide how the variables 
are to be integrated. This is necessary because the NARDL bounds test assumes that none of the 
variables is second-order integrated, as any I(2) variable would invalidate the asymptotic 
distribution of its test statistic for cointegration. In this direction, the Dickey-Fuller Generalised 
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Least Squares (DF-GLS) unit-root test is used to ensure that all series are either I(0) or I(1), thereby 
ensuring that the NARDL estimator is consistent. After this, Eq. (2) is estimated in the NARDL 
framework to check the existence of a nonlinear or asymmetric long-run relationship. As Shin et 
al. (2014) note, the positive and negative partial sums are also treated as a single regressor in 
estimation; this way, the normal F-test of the levels relationship can be preserved, even as the linear 
specification is replaced by a nonlinear, asymmetric specification. Lastly, standard post-estimation 
diagnostics are conducted to assess the model's statistical fitness of the model. 

 

Results and Discussion 

Unit Roots and Cointegration 

Our first empirical endeavour is the stationarity check. Such evaluation is essential to the use of the 
NARDL bounds test, whose accuracy would be undermined when including second-order 
integrated (I(2)) variables. In this regard, we use the Dickey-Fuller Generalised Least Squares (DF-
GLS) unit root test to assess the null hypothesis that each of the individual series contains a unit 
root. The stationarity test results, presented in Table 2, reveal that LM, LY, R, VM, VY, and LEX 
are integrated of order 1, while VY and INF are stationary at the level. The fact that the suitability 
of the NARDL framework to Eq (1) is being supported by the integration properties of the 
regressors, though of mixed order, the absence of the I(2) series confirms the suitability of the 
chosen methodology. As a result, we use the NARDL technique to estimate Eq. (1).  

Once the optimal lag length is determined via the Schwartz Bayesian Criteria (SBC), 
cointegration among the model’s variables can be tested for and ascertained. For this purpose, FPSS 
test proposed by Pesaran et al. (2001) is employed. For model (2), this test evaluates the null 

hypothesis of no cointegration (H0: 𝛾1, 𝛾2 = 𝛾3 = 𝛾4 = 𝛾5=𝛾6 = 𝛾7 = 𝛾8 = 𝛾9 = 0 ). As 
reported in Table 3, the computed F-statistic exceeds the upper critical bound, compelling the 
rejection of the null hypothesis, affirming the presence of a cointegrated relationship in model (2).  

 
Table 2. Results of the DF-GLS Stationarity Test 

Variable 
Test Statistic Critical Values at 5% Level of 

Significance 
Order of 

Integration At Level At First Difference 

LM -1.47 -15.36 -3.19 I(1) 

LY -0.51 -11.56 -3.19 I(1) 

R -2.39 -6.34 -3.19 I(1) 

INF -3.33 - -3.19 I(0) 

LEX -1.85 -5.99 -3.19 I(1) 

VY -5.43 - -3.19 I(0) 

VM -2.35 -7.34 -3.19 I(1) 

 
Table 3. Bound Test for Cointegration 

Dept.Var. Ind.Variable 
F-Stat 

Calculated 
Value 

F-Stat Critical Value(at 5% 
Significance Level) Outcome 

I(0) I(1) 

LM LY,R,INF,LEX, VY_Positive, 
VY_Negative, VM_Positive, 
VM_Negative 

13.25 2.55 3.68 Cointegration 

  

Long-Run Asymmetry 

The NARDL decomposes a given time series into positive and negative partial sums for gauging 
asymmetries between dependent and independent variables. Pertaining to the objectives of the 
study, we have disaggregated VY and VM into their positive and negative components to examine 
the existence of a potential asymmetric relationship with money demand. The existence of a 
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cointegrating relationship, as ascertained in the last step, does not say anything about the nature of 
the economic association between the regressors. This study assesses whether VY and VM exert 
an asymmetric influence on money demand, which constitutes its primary empirical objective. To 
this end, we begin our empirical analysis with the results of model (2), as displayed in Table 4. The 
Wald test result is reported at the bottom of Table 4, where we tested the null hypothesis that the 
positive and negative partial sums of changes in VY and VM have equal or symmetric effects on 
money demand in Pakistan. 

Null Hypothesis:−
𝛾6

𝛾1
= −

𝛾7

𝛾1
  

Null Hypothesis:−
𝛾8

𝛾1
= −

𝛾9

𝛾1
  

The significant Wald test statistics allow us to reject the null hypothesis of symmetry, 
thereby establishing that the influence of VY and VM on money demand is asymmetric. This 
implies that the positive components of both types of uncertainty differ significantly from their 
negative components in their effects on money demand in Pakistan. Hence, such an outcome calls 
into question the suitability of the linear ARDL or any other linear cointegration technique for 
quantifying the role of macroeconomic uncertainty in money demand in the context of Pakistan. 
Therefore, the study validates the use of the NARDL to examine the long-run relationship among 
VY, VM, and money demand in Pakistan. 

 
Table 4. NARDL Long-Run Asymmetric Estimates for Money Demand 

Dependent Variable: LM 
Selected Model: NARDL (1,3,1,1,1,2,1) 

Regressor Coefficient t-value 

LY 0.71*** 5.39 
R -0.08*** -5.84 
INF -0.11** -2.11 
LEX -0.87.*** -6.48 
VM_Positive 0.24*** 7.92 
VM_Negative 0.09*** 3.17 
VY_Positive -0.18*** -3.11 
VY_Negative -0.03** -2.22 
Wald Test (H0: Symmetry) 
LM-VM 

Chi-Square (p-value) 43.87(0.00) 

Wald Test (H0: Symmetry) 
LM-VY 

Chi-Square (p-value) 17.57 (0.00) 

Note: ***, ** and * denote significant at 1%, 5% and 10% levels, respectively. 

 
Having confirmed the long-run asymmetric relationship, we move to the discussion of the 

long-run parameter estimates presented in the upper section of Table 3. The results showed that 
the coefficients of the positive and negative components of VY are statistically significant and 
negative. This implies that a positive change in economic uncertainty reduces money demand, 
whereas a negative change in uncertainty increases it. The asymmetric effect is further 
demonstrated by the difference in the magnitudes of the positive and negative economic 
uncertainty coefficients: a rise in uncertainty significantly reduces money demand (-0.18), whereas 
a decrease in uncertainty increases money demand by a smaller amount (-0.03).  

For VM, which is a proxy for monetary policy uncertainty, both negative and positive 
components are positively associated with the money demand function. This relationship suggests 
that money demand rises as VM rises and falls as VM falls, albeit with varying magnitudes (0.24 
and 0.09, respectively). The Wald test also verifies that the coefficients are not statistically similar. 
Theoretically, it is in accordance with Friedman's (1984) hypothesis that exceptional volatility of 
monetary growth elevates the level of perceived uncertainty, thereby increasing the public’s demand 
for money as a precautionary asset. Empirically, Bahmani-Oskooee & Arize (2020) reported similar 
results for Algeria, Mauritius, Morocco, Tanzania and Tunisia.  
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The theoretical impact of uncertainty on money demand is defined by two countervailing 
channels: a precautionary effect and a substitution effect. An increase in VY/VM may have both a 
precautionary effect and a substitution effect (moving away from cash-holding behaviour toward 
less volatile assets). The substitution effect suggests that money demand reduces with an increase 
in VY/VM. It demonstrates that people are more likely to maintain alternative, less risky assets 
(such as gold or real estate) rather than cash balances over the long run, and to avoid remaining 
liquid during periods of economic instability. 

On the other hand, the public can become more cautious and motivated to conserve 
liquidity when both measures of uncertainty rise simultaneously, leading to a precautionary effect 
and indicating a positive link between uncertainty and money demand. In summary, the theoretical 
relationship between VY, VM, and money demand is described by two counteracting forces: one 
a negative substitution effect, which encourages a shift in the demand for money toward alternative 
assets, and the other a positive precautionary effect, which increases liquidity preference. 
Consequently, the overall effect of an increase in VY or VM on money demand is unclear and 
depends on which of the opposing effects is more prominent. 

Our results for both VY and VM are very intriguing in several ways, given this theoretical 
conjecture. First, for the positive component of VY, the substitution effect dominates the 
precautionary effect, and people tend to hold less money in their asset portfolios. With the increase 
in VM, the precautionary effect overwhelms the substitution effect, and money holding increases. 
These results imply that economic agents are treating both uncertainties differently. Existing 
literature, such as Atta-Mensah (2004), Choi and Oh (2003), Dahmardeh et al. (2011), Bahmani-
Oskooee and Baek (2017), and Tan et al. (2020), confirms our result of an increase in VY. Second, 
the data demonstrate that the positive components of both types of uncertainty have a stronger 
influence on money demand than their negative counterparts. Asymmetry for VY also exists in 
public decisions to hold money with positive and negative sums of volatility, in addition to its 
magnitude. For VM, asymmetry is present only in the magnitude of response (both components 
are positive), not in the sign of the relationship. Moreover, in the case of Pakistan, VY with both 
partial sums is more decisive for money demand behaviour than VM, contrary to Bahmani-
Oskooee and Nayeri (2020) in many African countries.  

The traditional determinants in the model have intuitive coefficients. Real income has a 
positive elasticity: a 1% increase in real GDP raises money demand by about 0.71%. This 
Keynesian/Monetarist result reflects more transactions in a growing economy. The interest rate 
has the expected negative sign but is relatively small. This implies that money demand in Pakistan 
is fairly insensitive to interest-rate movements, consistent with a relatively stable velocity of money 
(Gul & Sajid, 2020; Akbar, 2021). Inflation also reduces real money demand, but its coefficient is 
small. In fact, comparing coefficients suggests that high inflation provides a slightly stronger 
incentive to economise on cash than a high nominal interest rate does. The conventional 
interpretation holds: higher inflation erodes the real value of cash, so people prefer real assets. 
These magnitude results are consistent with recent studies (Murad et al., 2021; Khan et al., 2021) 
and reinforce the view that economic uncertainty plays a more decisive role than monetary variables 
in determining cash holdings in Pakistan. Exchange rate enters negatively: a 1% depreciation of the 
rupee vis-à-vis the US dollar reduces real money balances by about 0.87% in the long run. This 
suggests a strong currency-substitution effect: when the currency weakens, residents move wealth 
abroad or into foreign assets, shrinking domestic money holdings (Akbar, 2021). Notably, 
exchange-rate elasticity (-0.87) slightly exceeds income elasticity (0.71), indicating that exchange-
rate changes are a powerful influence on Pakistan’s money demand. 

 
Short-Run Dynamics and Stability 

The efficacy of monetary policy is contingent upon a rigorous examination of the short‑run 
determinants of money demand. The positive and negative partial sums of VY (Table 5) are 
significant and negative. They disclose that both increases and decreases in VY have an immediate 
negative effect on money demand. This synchronised short-run contraction is the dynamical push 
that propagates into a persistent long-run asymmetry, and it is confirmed that the system lacks 
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short-run symmetry on its way to a long-run asymmetric equilibrium. The short-run outcomes, 
even with all lags, are very consistent with the long-run outcome. It demonstrates how people, 
following a lag, adjust their money holdings systematically. This is also the case for VM. The 
adjustment in money holding toward VM is even more spontaneous. Notably, while each lag of 
the uncertainty variable enters the model with a statistically significant coefficient in the short run, 
it increases substantially over time, yielding a much greater effect, as indicated by the long-run 
coefficients. This finding is crucial in determining the short-run and long-run stances of monetary 
policy. Moreover, the Wald test rejects the hypothesis of a symmetric relationship in favour of an 
asymmetric relationship. The short-run results regarding the impact of income, inflation, and 
interest rates on money demand are largely consistent with the long-run counterparts in terms of 
the direction of the relationship. However, the exchange rate has emerged as an insignificant 
determinant of money demand in the short run. 

 
Table 5. NARDL Short-Run Asymmetric Estimates for Money Demand 

Dependent Variable: D(LM) 
Selected Model: NARDL (1,3,1,1,1,2,1) 

Regressor Coefficient t-value 

Constant 3.44*** 12.73 
DLM(-1) 0.67*** 8.26 
DLY 0.17** 2.18 
DLY(-1) 0.09*** 2.35 
DLY(-2)  0.13 1.37 
DR -0.02** -2.05 
DINF -0.02*** -5.32 
DLEX -0.06*** -7.21 
DVM_Positive 0.03*** 8.37 
DVM_Positive (-1) 0.09* 1.86 
DVM_Negative 0.07* 1.79 
DVM_Negative (-1) 0.01** 2.26 
DVY_Positive -0.09** -1.97 
DVY_Negative -0.03*** -5.33 
ECT(-1) -0.74*** -11.38 
Wald Test (H0:Symmetry) 
LM-VM 

Chi-Square (p-value) 12.79(0.00) 

Wald Test (H0:Symmetry) 
LM-VY 

Chi-Square (p-value) 20.68(0.00) 

Note: ***, ** and * denote significant at 1%, 5% and 10% levels, respectively. 
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Figure 1. Plot of Cumulative Sum of Recursive Residuals 
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Figure 2. Plot of Cumulative Sum of Squares Recursive Residual 
 
The error-correction term (ECT) exhibits a negative and statistically significant coefficient, 

providing strong evidence of a stable long-run equilibrium in Pakistan's money demand function. 
The finding regarding the stability of the money demand model in the long run received additional 
support from the results of the cumulative sum (CUSUM) and cumulative sum of squares 
(CUSUMSQ) tests applied to the residuals (Figures 1 and 2). These tests indicated the absence of 
structural breaks, which proves that the money demand function remained stable during the study 
period. 
 

Conclusion  

This study re-examines Pakistan’s demand for money by incorporating macroeconomic uncertainty 
in a nonlinear framework. Using data from 1975–2024, we estimated an open-economy money-
demand function that includes real income, the interest rate, inflation, the exchange rate, and 
proxies for economic and monetary uncertainty. Employing the NARDL methodology, we find 
clear evidence of asymmetric long-run effects. Rising economic (output) uncertainty significantly 
reduces money demand (suggesting a substitution away from cash), whereas increases in monetary 
(policy) uncertainty raise money demand (indicating a precautionary motive). In both cases, the 
effects of positive shocks are not offset by the equal effects of negative shocks. These asymmetric 
responses are novel findings for Pakistan and imply that symmetric models of money demand 
would miss important dynamics. 

In addition, the traditional determinants behave as expected: real income has a strong 
positive effect, rupee depreciation has a large negative effect, while interest and inflation have 
modest negative effects in the long run. Overall, once uncertainty and exchange-rate factors are 
included, the money-demand function is stable and well-specified. The adjustment toward 
equilibrium (error correction) is rapid, and diagnostic tests indicate the model is free from major 
specification problems. The estimated elasticities suggest that currency substitution (via the 
exchange rate) has a larger impact on money demand than income does in the long run, highlighting 
the openness of Pakistan’s economy. 

Our findings yield several policy insights. Crucially, the asymmetric effect of uncertainty 
means that policymakers should distinguish between positive and negative shocks. Real-side 
(economic) uncertainty has a larger influence on cash holdings than monetary uncertainty in 
Pakistan. This suggests that macroeconomic policies aimed at stabilising output and expectations 
can have important effects on liquidity preferences. In contrast, volatility in monetary policy or 
money growth also matters, but its impact on money demand follows a precautionary pattern. 
Considering these results, we emphasise two key points for policymakers: first, Stability of money 
demand: The evidence of a stable long-run money-demand function (even with uncertainty 
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included) implies that monetary aggregates remain useful policy anchors. In practice, this means 
that M2 growth targets or similar monetary aggregate measures can be reliable guides for policy. 
When interest-rate tools are constrained (for example, near the zero lower bound), the monetary 
authority can still monitor the money supply to assess liquidity in Pakistan. Second, the importance 
of real uncertainty: Since economic uncertainty strongly affects money demand, policymakers 
should focus on reducing real-sector volatility. Clear and credible fiscal policies, structural reforms, 
and transparent communication can lower output and inflation uncertainty. By doing so, the 
monetary authority may prevent excessive precautionary hoarding of cash. In other words, 
stabilising the real economy helps stabilise money demand. 

In summary, our study highlights the need to incorporate macroeconomic uncertainty into 
analyses of money demand. Accounting for asymmetric effects provides a more complete picture 
of liquidity behaviour in Pakistan. Policymakers who recognise these dynamics, by maintaining 
stable economic policies and by tracking uncertainty indicators, will be better positioned to forecast 
money demand and to design effective stabilisation measures. 
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Abstract 

Purpose — This study examines the nonlinear effect of Economic 
Policy Uncertainty (EPU) on China’s Renminbi (RMB) exchange rate.  

Methods — Based on the monetary model of exchange rate 
determination and the behavioural equilibrium exchange rate model, a 
threshold autoregressive model was estimated with EPU as the threshold 
variable. Quarterly data from Q1 2005 to Q4 2023 were utilised.  

Finding — Under different regimes, the effects of EPU, monetary 
factors, and macroeconomic factors on the exchange rate are nonlinear. 
The study also reveals significant differences in the volatility 
characteristics of exchange rate misalignment under low and high EPU 
conditions, supporting the hypothesis that EPU has a nonlinear impact 
on the exchange rate. Furthermore, when EPU is low, external shocks 
exert a stronger impact on the exchange rate than when EPU is high.  

Implications — These results suggest that governments and 
policymakers can help investors anticipate market shifts by increasing 
policy transparency and reducing unnecessary policy changes, thereby 
maintaining economic stability. 

Originality — By integrating EPU into a framework combining the 
monetary model and the BEER model and estimating a nonlinear 
threshold model, this study provides new evidence on exchange rate 
dynamics and misalignment under varying EPU regimes. 

Keywords — Economic Policy Uncertainty, Exchange Rate, Monetary 
Model, BEER Model, Threshold Autoregressive Model. 

 

Introduction 

The exchange rate (ER), which affects trade balances and macroeconomic stability, is the main 
channel between a nation's domestic and global markets (Abere, 2025; Cong et al., 2025; Kim et 
al., 2025). ER movements have been explained by several theoretical models, most of which are 
based on macroeconomic principles. The complexity of ER fluctuations, especially in reaction to 
shocks of economic uncertainty, is difficult for these current models to adequately explain (Msomi 
& Ngalawa, 2024). To develop a more comprehensive framework that accounts for the influence 
of both EPU1 and conventional macroeconomic factors on ER fluctuations, this study integrates 
EPU into two established ER models. The first is the model of the Monetary Model of Exchange 

 
1 Economic policy uncertainty (EPU) refers to the inability of  entities to predict future economic policies or the risks and 

consequences of  policies adopted by the government (Nguyen et al., 2025; M. Zhang & Du, 2025). 
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Rate Determination (hereafter MM-ERD). Originally proposed by Dornbusch (1976) and Frenkel 
(1976), it establishes a relationship between ER and economic factors such as relative currency 
supply, interest rates, income levels, and inflation differentials. The second model is the 
Behavioural Equilibrium Exchange Rate (BEER) Model, proposed by Clark and MacDonald 
(1999), which estimates the equilibrium ER by incorporating other economic variables such as 
terms of trade (ToT), productivity differences, and foreign assets (Ca’ Zorzi & Rubaszek, 2023). 
Therefore, integrating the two can consider both theory and practicality. 

As China’s economy has become increasingly integrated into the global financial system, 
its ER system has undergone several reforms (Table 1). Prior to 1994, China maintained a fixed 
ER system; following 1994, the country transitioned to a floating ER mechanism. In line with 
China’s globalisation, it has continued to implement periodic ER reforms (e.g., in 2005 and 2015) 
to achieve ER marketisation. These structural adjustments, coupled with external shocks, motivate 
this study to investigate the dynamics of the RMB ER in response to EPU. In the context, 
traditional linear models, such as the Autoregressive Distributed Lag (ARDL) model, fail to capture 
actual dynamics, whereas nonlinear models, such as the threshold autoregressive (TAR) model, can 
better reflect asymmetric effects under different EPU regimes (Msomi & Ngalawa, 2024; Tong & 
Lim, 1980). To capture the nonlinear effect, this study uses a TAR model. 
 

Table 1. China’s exchange rate system across different periods 

Time RMB Exchange Rate System 

Before 1994 Fixed ER system with strict controls. 
1994 Managed float ER system, pegged to the USD. 
2005.7.21 ER is based on market supply and demand, adjusted for a portfolio of currencies. 
2015.8.11 A basket of currencies serves as the primary benchmark for assessing the ER. 
2016 "Counter-cyclical factor + basket currency ER fluctuation" two-factor pricing model. 
2017 "Counter-cyclical factor + basket currency ER fluctuation + pro-cyclical factor " three-

factor pricing model. 

Source: People's Bank of China (PBoC) 

 

 

Figure 1. RMB/ USD exchange rate and China’s EPU 
 

Due to domestic as well as foreign economic uncertainties, the RMB ER has become more 
volatile in recent years (Zhang & Huang, 2025). Figure 1 illustrates how important policy events—
the 2005 and 2015 ER reforms, the rise of US-China trade tensions in 2018, and the global COVID-
19 outbreak in 2020—caused notable fluctuations in the RMB/USD ER, increasing currency 
valuation uncertainty. EPU, a popular indicator of policy-driven economic unpredictability, can 
capture these events (Wang, 2024). In other words, the ER varies with the EPU (Figure 1). 
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ER can be affected by EPU in a few ways. First, it directly affects currency valuations, 
thereby raising risk premiums in global foreign exchange markets (Glebocki & Saha, 2024). Second, 
it influences investor expectations, leading to changes in ER adjustments and in speculative 
behaviour (Baker et al., 2016; Bernanke, 1983; Dixit, 1989; Kim et al., 2025). Thirdly, it affects 
international capital flows. Increased uncertainty frequently leads to fluctuations in foreign direct 
investment or capital flight (Goswami et al., 2023; Liu, 2024). The RMB ER continues to move 
away from its symmetrical point due to the factors noted above. 

Thus, we hypothesise that RMB ER misalignment from its equilibrium state can result from 
changes in the ER system, economic shocks, and other factors (Edwards, 1989; Holtemöller & 
Mallick, 2013). Enterprise output is affected by this misalignment, prompting investors and 
practitioners in the global foreign exchange market to reduce risk by "waiting-and-seeing" (X. 
Wang, 2024). Thus, consistent with (Wen & Usman, 2024b)This study uses the BEER method to 
investigate the nonlinear effects of various EPU conditions on the RMB ER. 

The existing literature supports the view that monetary variables drive ER fluctuations. For 
example, Chin et al. (2009) confirmed the cointegration relationship between monetary variables 
and the RMB/USD ER, both before and after the crisis, indicating that the MM-ERD significantly 
explains how Malaysia’s ER is determined. However, many studies indicate that changes in 
monetary variables alone are insufficient to fully explain ER fluctuations. For example, Afat et al. 
(2015) found that deviations from PPP prevent the MM-ERD from establishing the predicted 
relationship between monetary factors and ER. To address these shortcomings, economists 
developed a series of equilibrium ER models in the 1980s and beyond, including the BEER model. 
However, the BEER model is essentially an empirical approach (Clark & MacDonald, 2004). As a 
result, using the BEER model alone to explain ER variation lacks a theoretical basis. To overcome 
the limitations, this study combines the MM-ERD model with the BEER framework. The former 
offers a theoretical foundation for the latter, while the latter addresses the former's shortcomings 
regarding the monetary determinants of ER fluctuations. A comprehensive and inclusive 
explanation of ER movement is made possible by this integrated approach. 

However, previous studies have also provided evidence that traditional economic variables 
are insufficient to explain ER fluctuations, as they fail to capture policy changes and market 
expectations (Msomi & Ngalawa, 2024). Incorporating EPU into estimates of ER fluctuations can 
improve the explanatory power and predictive accuracy of macroeconomic models (Abid, 2020). 
Meanwhile, many studies have confirmed a direct linear relationship between EPU and ER (Gong 
et al., 2025). However, there is limited research on the nonlinear effects in this relationship, 
particularly using a model that combines the MM-ERD and BEER models. 

The main contributions of this study are as follows. First, it integrates macroeconomic and 
monetary factors and considers the impact of the EPU, thereby constructing a more 
comprehensive ER determination model and enriching the literature on ER modelling. Second, it 
provides a more accurate analysis of dynamic adjustment processes by using a nonlinear approach 
to capture the nature of ER fluctuations. Third, it examines RMB ER misalignment under different 
EPU conditions, generating empirical evidence to support policies that maintain ER equilibrium 
and mitigate risks in foreign exchange markets. Finally, the findings provide a theoretical basis for 
investment decisions of foreign exchange market participants and production decisions of 
international enterprises.  

The remaining sections of this paper, in order, review the relevant literature, describe the 
methodological framework, present the results of data analysis, and lastly, discuss the findings with 
appropriate policy recommendations. 

 

Methods 

Model Specification 

According to the MM-ERD, the ER can be explained by four key factors: income, inflation, money 
supply, and interest rate (all in relative terms) (Chin, Azali, & Matthews, 2007; Chin, Azali, Yusop, 
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et al., 2007; Korap, 2024; MacDonald & Taylor, 1991). The functional relationship of this model 
is expressed as: 

𝑒𝑡 = (𝑚𝑡 − 𝑚𝑡
∗) − 𝛼(𝑦𝑡 − 𝑦𝑡

∗) + 𝜃(𝑟𝑡 − 𝑟𝑡
∗) + 𝜆(𝜋𝑡 − 𝜋𝑡

∗) (1) 

Here, 𝑒𝑡 represents the RMB/USD ER, while 𝜋𝑡，𝑚𝑡，𝑦𝑡，and 𝑟𝑡 denote the inflation 

level, money supply, output level, and interest rate, respectively, in the domestic country. Similarly, 

𝜋𝑡
∗，𝑚𝑡

∗，𝑦𝑡
∗ ，𝑟𝑡

∗ represent the corresponding variables in the foreign country. In this study, 

China was the domestic country, while the US represented the foreign country. 
As explained previously, to overcome the shortcomings of individual methods, this study 

analysed the ER by integrating the MM-ERD and the BEER model. Based on previous research, 
two fundamental macroeconomic variables from the BEER model were selected: ToT (Wen & 
Usman, 2024a) and foreign exchange reserves (FER) (Abid, 2020; Aizenman et al., 2024). The new 
model is expressed as follows: 

𝑒𝑡 = 𝛼1 + 𝛼2(𝑚𝑡 − 𝑚𝑡
∗) + 𝛼3(𝑦𝑡 − 𝑦𝑡

∗) + 𝛼4(𝑟𝑡 − 𝑟𝑡
∗) + 𝛼5(𝜋𝑡 − 𝜋𝑡

∗) + 𝛼6𝐹𝐸𝑅𝑡 + 𝛼7𝑇𝑂𝑇𝑡  (2) 

Following (Msomi & Ngalawa, 2024), this study then introduced EPU into the new model 
to address the limitations of traditional economic variables in reflecting policy changes and market 
expectations. The final model, which combines the monetary variables with the macroeconomic 
fundamentals from the BEER model and considers EPU as an influencing factor, is below: 

𝑒𝑡 = 𝛼1 + 𝛼2(𝑚𝑡 − 𝑚𝑡
∗) + 𝛼3(𝑦𝑡 − 𝑦𝑡

∗) + 𝛼4(𝑟𝑡 − 𝑟𝑡
∗) + 𝛼5(𝜋𝑡 − 𝜋𝑡

∗) + 𝛼6𝐹𝐸𝑅𝑡 + 𝛼7𝑇𝑂𝑇𝑡 +
𝛼8𝐸𝑃𝑈𝑡   (3) 

 
Measurement of Exchange Rate Misalignment 

The degree of temporary ER misalignment refers to the deviation between the actual effective ER 
and its equilibrium level. Aligning with previous research (Banerjee & Goyal, 2021), this study 
adopted the BEER approach to calculate exchange rate misalignment (ME) using the following 
expression: 

𝑀𝐸𝑡 =
𝑒𝑡−𝑒̂𝑡

𝑒̂𝑡
  (4) 

Where, 𝑒𝑡 is the RMB/USD ER, 𝑒̂ is the equilibrium ER. 
 
Data and Variables 

Table 2 presents the descriptive analysis results of the variables, based on quarterly data from Q1 
2005 to Q4 2023. The data’s starting point was set as 2005 due to the beginning of China’s 
“managed ER system” that year, meaning that ER data after this period better reflects the impact 
of EPU.  

The dependent variable was the ER, denoted as e. Its maximum, minimum, and average 
values are 8.277, 6.091, and 6.831, respectively (Table 2). Additionally, the independent variable is 
the China EPU2 Index. It was developed by (Davis et al., 2019). The index extracts relevant EPU-
related information by analysing news media and newspaper reports. Its highest recorded value of 
499.200, its minimum of 40.800, and its average of 173.425 (Table 2). 

Regarding the control variables, Δm, Δi, Δy, and Δπ respectively represent the differences 
in money supply, interest rates, output levels, and inflation between China and the US. China’s 
money supply was measured via M2 data obtained from the CEInet Statistics Database, while US 
M2 data was sourced from the Federal Reserve Economic Data (FRED). Interest rates were 
derived from the three-month (90-day) Treasury bond yield for China and the three-month U.S. 
Treasury yield for the U.S., both sourced from the U.S. Federal Reserve. China’s and the US’s 
output levels were measured using GDP, with data sourced from the International Financial 
Statistics. For inflation, the CPI growth rate was the proxy for both countries, with data obtained 

 
2 The data was obtained from the following website: https://policyuncertainty.com/china_monthly.html.  

https://policyuncertainty.com/china_monthly.html
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from the International Monetary Fund. Finally, FER and ToT represent China’s FER and ToT 
(total exports/total imports), acquired from the CEInet Statistics Database. 

 
Table 2. Descriptive statistics 

 Variable Obs Mean Std. dev. Min Max 

Dependent variable e 76 6.831 0.567 6.091 8.277 

Independent 
variables/Threshold variable 

EPU 76 173.425 114.210 40.800 499.200 

Control variables Δm 76 6919.395 6956.037 -3291.600 19640.900 
Δi 76 2.006 2.43384 -2.9233 6.113 
Δy 76 1.23E+07 7592378 934001 2.80E+07 

Δ𝝅 76 -0.057 1.260 -2.966 2.497 

FER 76 27448.660 9021.847 6418 39853 
ToT 76 1.222 0.101 0.992 1.485 

 
Estimation Methods 

Threshold Autoregression (TAR) Model 

This study applied the TAR model by Tong and Lim (1980) to examine the EPU-ER relationship 
using the new integrated MM-ERD–BEER Model. The TAR model allows changes in the 
dynamics of a time series when a threshold is exceeded, effectively capturing asymmetric, nonlinear, 
or transitional patterns that linear models may miss. The models used in this study are as follows: 

𝑒𝑡 = 𝛼1 + 𝜃1𝑋𝑡 + 𝜆1𝐸𝑃𝑈𝑡 + 𝜖1,𝑡, 𝐸𝑃𝑈𝑡 ≤ 𝑞  (5) 

𝑒𝑡 = α2 + 𝜃2𝑋𝑡 + 𝜆2𝐸𝑃𝑈𝑡 + 𝜖2,𝑡, 𝐸𝑃𝑈𝑡 > 𝑞 (6) 

Where 𝑒 𝑡 is the RMB/USD ER, 𝑋𝑡 is a set of control variables, such as monetary variables, 

FER, and ToT; 𝐸𝑃𝑈𝑡 is China's EPU, and q is the threshold value. When 𝜆1 ≠ 𝜆2, there is a 

threshold. While 𝛼1 and α2 are the intercepts, 𝜖2,𝑡, 𝜖2,𝑡 are error items. 

 
Threshold Effect Test 

Before estimating the TAR model, it is crucial to verify the existence of threshold effects to ensure 
that the model accurately captures nonlinear patterns. This study uses the likelihood ratio test to 
assess the existence and statistical significance of the threshold effect and calculates the F-statistic 
to determine whether the threshold model fits the data better than the linear model. The formula 
for this test is as follows: 

𝐹 =
(𝑆𝑆𝑅𝑙𝑛𝑒𝑎𝑟−𝑆𝑆𝑅𝑠𝑖𝑛𝑔𝑙𝑒)/(𝑘1−𝑘0)

𝑆𝑆𝑅𝑠𝑖𝑛𝑔𝑙𝑒/(𝑛−𝑘1)
  (7) 

Where 𝑆𝑆𝑅𝑙𝑖𝑛𝑒𝑎𝑟 represents the sum of squared residuals of the linear model and 𝑆𝑆𝑅𝑠𝑖𝑛𝑔𝑙𝑒 

represents the sum of squared residuals of the single-threshold model. n denotes the sample size, 

𝑘0 is the total number of parameters in the linear model, and 𝑘1 is the total number of parameters 
in the threshold model, including the intercept, non-interaction terms, and interaction terms. If the 
F-statistic is small, the increased fit from the single-threshold model is insignificant, such that the 
null hypothesis of "non-existent threshold effect" cannot be rejected.  

If the F-statistics are substantial, the threshold effect is statistically significant. In this case, 
the fit between the single- and double-threshold models is further compared using the LR Test 
Statistic. Its calculation is as follows: 

𝐹 =
(𝑆𝑆𝑅𝑠𝑖𝑛𝑔𝑙𝑒−𝑆𝑆𝑅𝑑𝑜𝑢𝑏𝑙𝑒)/(𝑘2−𝑘1)

𝑆𝑆𝑅𝑑𝑜𝑢𝑏𝑙𝑒/(𝑛−𝑘2)
  8) 

Where 𝑆𝑆𝑅𝑠𝑖𝑛𝑔𝑙𝑒 represents the sum of squared residuals of the single-threshold model, and 

𝑆𝑆𝑅𝑑𝑜𝑢𝑏𝑙𝑒 represents the same for the double-threshold model. 𝑘2 is the total number of 
parameters in the double-threshold model.  
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Results and Discussion 

Unit Root Test 

This study employed the Augmented Dickey-Fuller unit root test to examine the stationarity of 
each time series variable. As shown in Table 3, the series for EX and Δi were not stationary at the 
level. However, after first-order differencing, both variables become stationary. Therefore, their 
first-order differences—denoted as dex and dΔi, respectively—were used in subsequent analyses. 
In addition, Δπ, FER, and ToT reject the unit root under the constant specification at the 1% 
significance level. Δy rejects the unit root at the 1% significance level, EPU and Δm reject the unit 
root at the 5% significance level, under the trend specification. 
 

Table 3. Results of the unit root test 

Variables Constant without trend Constant with the trend 

 Level First dif. Level 

EX 0.089 0.000*** 0.867 
EPU 0.200 ----- 0.023** 
Δm 0.977 ----- 0.021** 
Δi 0.840 0.000*** 0.986 
Δy 0.828 ----- 0.000*** 

Δ𝝅 0.000*** ----- ----- 

ToT 0.000*** ----- ----- 

FER 0.001*** ----- ----- 

Note: ***, **, * indicate critical values at 1%, 5%, and 10% significance levels, respectively. 

 
Threshold Analysis  

This study’s main aim was to examine ER changes under different conditions of EPU; accordingly, 
EPU was set as the threshold variable. Table 4 presents the threshold-effect findings from the 
likelihood ratio test. For the single-threshold model, the null hypothesis of no threshold effect was 
rejected at the 1% significance level, confirming the presence of nonlinearity and thus the suitability 
of the TAR model. Next, Equation (8) was used to test the double-threshold model, and the null 
hypothesis was not rejected at the 5% significance level. Since the double-threshold effect was 
excluded, this study adopted a single-threshold TAR model.  
 

Table 4. Threshold effect results 

Threshold F-statistics P-value Estimated threshold value 
Single 4.130 0 .001 159.745 
Double 2.264 0.132 ------- 

Robustness chi2(1) Prob > chi2  
Breusch-Pagan test 1.480 0.223  
Durbin-Watson test 0.090  0.764  

 
Table 5 summarises the results for the two different EPU states. Regime 1 indicates that 

the EPU is in a low state. Regime 2 indicates that the EPU is in a high state. The results indicate 
that in Regime 1, China’s EPU has a significant positive impact on the RMB/USD ER. From Table 
5, we can see that for every 1% increase in EPU, the RMB/USD ER rises by around 0.1%, 
indicating RMB depreciation. This finding aligns with Abid (2020), who observed that an increase 
in EPU leads to currency depreciation. Table 5 also indicates that Δm is significantly correlated 
with the RMB/USD ER. And it also shows a significant correlation between Δm and the 
RMB/USD ER. It means that when China's money supply grows faster than the US money supply, 
the RMB tends to depreciate. This supports the findings of (Chin, Azali, Yusop, et al., 2007), who 
found that relative money supply directly affects the nominal ER of the peso against the US dollar. 

In Regime 1, Δi has a significant negative impact on the RMB/USD ER. It means that rising 
interest rates led to RMB appreciation. For every 1% increase in the relative interest rates between 
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China and the US, the RMB/USD ER will decrease by 2.4%. This may be because rising interest 
rates attract capital inflows, thereby strengthening the domestic currency ER. Similarly, Chin, Azali, 
and Matthews (2007) and Msomi and Ngalawa (2024) found that, ceteris paribus, interest rate growth 
and currency appreciation generally move together. Although the same negative influence on ER was 
observed for Δy at low EPU, this effect was not statistically significant. In other words, higher levels 
of GDP decrease the RMB/USD ER and appreciate the RMB, but not enough to be statistically 
significant. This finding supports the work of Korap (2024), who also noted a non-significant yet 
long-term negative correlation between relative income and the nominal ER.  
 

Table 5. TAR model and linear regression results 

Parameter estimation Regime 1 

(EPU<= 159.745） 

Regime 2 

(EPU> 159.745） 

Linear Regression 

_cons 0.002 
(0.152) 

6.625 
(2.409) 

-0.254 
(0.201) 

EPU 0.001* 
(0.001) 

-0.001 
(0.001) 

-0.001 
(0.001) 

Δm 0.001** 
(0.001) 

-0.001 
(0.001) 

-0.001 
(9.30E-06) 

dΔi -0.024* 
(0.014) 

-0.082 
(0.051) 

-0.065*** 
(0.020) 

Δy -3.00E-09 
(1.18E-08) 

4.38E-08** 
(1.76E-08) 

1.56E-08* 
(9.23E-09) 

Δ𝝅 0.001 
(0.008) 

-0.046 
(0.032) 

0.003 
(0.012) 

FER -7.43E-06** 
(2.82E-06) 

-0.000198** 
(0.001) 

2.00E-06 
(2.48E-06) 

ToT 0.030 
(0.111) 

-0.890 
(0.599) 

0.091 
(0.159) 

Note: Standard errors are in parentheses; ***, **, * indicate critical values at 1%, 5%, and 10% significance 
levels, respectively. 

 
Next, Table 5 shows that Δπ has no significant effect on the RMB/USD ER. This 

contradicts the Sticky Price Monetary Model’s theoretical proposition that the relative inflation rate 
between China and the US is associated with RMB depreciation. Chin et al. (2009) reported a 
similar outcome on the ringgit–dollar nominal ER, attributing it to price rigidity. The impact of 
inflation on ER typically has a considerable lag; its short-term effects are not statistically significant. 
The results further indicate that, under Regime 1, China's FER has a significant negative impact on 
the RMB/USD ER and promotes RMB appreciation. Aizenman et al. (2024) also reached the same 
conclusion: a higher FER will strengthen the ER of the domestic currency. Finally, at Regime 1, 
Table 5 shows that improvements in China's ToT led to a depreciation of the RMB, although this 
result is not statistically significant. This result may support Clark and MacDonald (1999) view that 
improvements in ToT generally lead to an appreciation of the domestic currency. 

Meanwhile, Regime 2 shows that interest rates and FER have a significant negative impact 
on ER, consistent with the situation under low EOU. Although inflation and the ToT have 
opposite effects on ER under high EPU, these effects are not statistically significant. In Regime 2, 
the negative impact of relative inflation on ER was not significant. This can be attributed to China's 
effective control over inflation expectations. According to Wang & Wang (2015), China's 
"expectation management" policy in 2009 enhanced the central bank's ability to control changes in 
inflation expectations, thereby strengthening market confidence in the RMB and promoting its 
appreciation. The advancement of the ER system also appears to have contributed to the RMB's 
appreciation. For ToT, its improvement appears to lead to RMB appreciation. Although not 
significant, this result agrees with the findings of Abid (2020), when the ToT of Mexico, Brazil, 
and India improved, their currencies also appreciated. 
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In conclusion, many variables in Regime 1—such as EPU, money supply, interest rates, 
FER, and inflation—generally follow BEER theory and conventional monetary models. However, 
in Regime 2, the signs of most variables become insignificant or their directions "reverse". The 
linear regression results, shown in Table 5, indicate that EPU has no significant impact on ER. This 
suggests that if EPU exceeds a certain threshold, the linear relationships predicted by the classical 
monetary model and the BEER framework no longer fully hold. Therefore, the use of the TAR 
model can better capture ER changes under varying EPU conditions and, consequently, facilitate 
timely interventions to maintain ER stability. 
 
Exchange Rate Misalignment  

In the second part of the analysis, this study investigated the degree of misalignment of the RMB 
ER, calculated as the difference between the equilibrium ER (estimated through the BEER 
approach) and the actual ER. Figure 2 plots the different levels of ER misalignment under the two 
EPU regimes, where the solid blue line represents low EPU and the red dotted line represents high 
EPU. Each data point corresponds to the misalignment from the regime (Regime 1: EPU <= 
159.745; Regime 2: EPU > 159.745) to which the observation belongs. The results show that the 
volatility of ER misalignment varies significantly under EPU conditions, supporting the hypothesis 
that EPU has a nonlinear effect on ER misalignment. 
 

 

Figure 2. ER misalignment under different EPU states. 
 
Note: Misalignment is measured as the difference between the actual RMB/USD ER and its 
estimated equilibrium ER. Each dot represents the degree of deviation for the quarter. It is colour-
coded according to the EPU regimes. Blue dots indicate that the EPU for the quarter is in Regime 
1, while red dots indicate that the EPU for the quarter is in Regime 2. Regimes are identified using 
the TAR model and the BEER-based equilibrium estimation described in Section 3. A positive 
deviation (above zero) suggests an undervalued RMB, while a negative deviation (below zero) 
indicates an overvalued RMB. 

Figure 2 shows that periods with higher EPU are largely concentrated after 2017. In 2018, 
the US–China trade war broke out, exerting depreciation pressure on the RMB. On August 3, 2018, 
the PBoC announced that the foreign exchange risk reserve ratio for forward foreign exchange sales 
would be raised from 0% to 20%. This measure elevated costs for businesses and financial institutions 
engaging in forward foreign exchange purchases, thereby mitigating excessive speculative activities. 
Subsequently, on August 24, 2018, the PBoC reinstated the counter-cyclical factor to mitigate 
excessive RMB depreciation. Then, from 2022 to 2023, the US Federal Reserve significantly raised 
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the federal funds rate, leading to a rise in US interest rates3. In China, the PBoC dropped the reserve 
requirement ratio and interest rates several times in 2023, including two reserve requirement ratio 
cuts in March and September4 and loan prime rate cuts in June and August5, aiming to support 
domestic economic recovery after COVID-19. The RMB faces continued depreciation pressure. As 
shown in Figure 2, when the EPU is high, the RMB ER is undervalued most of the time. 

However, Figure 2 shows that before 2017, the EPU was low most of the time. And the 
RMB ER was overvalued of times, but the RMB also alternates between undervaluation and 
overvaluation when EPU is low. In addition, the degree of misalignment is greater than that at 
Regime 2. This is because, following a series of ER reforms, government intervention decreases in 
a less uncertain environment, leaving the RMB more vulnerable to market supply and demand (Cui 
& Si, 2024). In Regime 2, the most significant instance of RMB undervaluation occurred in 2014. 
On March 15, 2014, the PBoC announced that the daily trading range of the RMB against the USD 
would be widened from 1% to 2%, increasing the ER’s flexibility and improving its representation 
of market supply and demand (Funke et al., 2015). However, the expanded trading range also 
triggered market expectations of RMB depreciation. It will lead to increased capital outflow 
pressure and accelerated RMB depreciation. As a result, the RMB depreciated sharply against the 
US dollar in 2014, undervaluing itself by approximately 13%, the largest undervaluation under 
Regime 1. 

The RMB is more susceptible to market supply and demand when EPU is low, thus making 
it more prone to periods of alternating overvaluation and undervaluation. Conversely, when EPU 
is high, the RMB is undervalued for most of the time. Therefore, the difference in the degree of 
RMB ER misalignment under high and low EPU environments supports the conclusion that there 
is a non-linear relationship between EPU and ER misalignment. In addition, when EPU is low, 
external shocks (e.g., international economic events) exert a stronger impact on the ER than when 
EPU is high. 
 

Conclusion  

This research developed a TAR model based on the MM-ERD and the BEER Model to explore the 
nonlinear association between EPU and the RMB ER. Analysis of quarterly data from Q1 2005 to 
Q4 2023 revealed that the RMB/USD ER behaves differently across different levels of the threshold 
variable, EPU. Specifically, at a threshold of 159.745, the EPU environment can be divided into low 
and high states (Regime 1 and Regime 2). The results show that in Regime 1, most variables, such as 
EPU, money supply, interest rate, FER, and inflation rate, are consistent with the MM-ERD and 
BEER models. However, in Regime 2, most variables become insignificant, or their directions 
reverse. These results indicate that once EPU exceeds a threshold, the linear relationships predicted 
by the classic monetary model and the BEER framework no longer hold in full. 

This study also examined whether the RMB is overvalued or undervalued across different 
EPU conditions. The findings show that the volatility of ER misalignment differs significantly 
between low- and high-EPU regimes. When the EPU is low, the ER may be overvalued or 
undervalued, but it is overvalued most of the time. Conversely, when the EPU is high, the RMB is 
effectively undervalued. In addition, the degree of misalignment is greater at low EPU than at high 
EPU. This conclusion supports the hypothesis that EPU has an asymmetric impact on ER 
misalignment. Given that traditional ER theories (e.g., the MM-ERD and the BEER Model) do not 
explicitly consider policy uncertainty, this study’s examination of EPU’s role in ER variation expands 
extant theories and provides new perspectives for the development of better explanatory ER models.  

 
3 According to the St. Louis Federal Reserve Bank, between 2022 and 2023, the Federal Reserve implemented a series of  interest 

rate increases, raising the federal funds target rate from 0.00%–0.25% to 5.25%–5.50%, a cumulative increase of  5.25 percentage 
points. 

4 According to the PBoC, the first reserve requirement ratio reduction was on March 27, 2023; the ratio for financial institutions' 
RMB deposits was reduced by 0.25 percentage points. The second was on September 15; the PBoC again decreased the ratio for 
financial institutions' RMB deposits by 0.25 percentage points. 

5 According to the PBoC, on June 20, 2023, the one-year loan prime rate was lowered from 3.65% to 3.55%, and the rate for more 
than five years was lowered from 4.30% to 4.20%. On August 20, the one-year loan prime rate was further lowered to 3.45%, 
while the rate for more than five years was maintained at 4.20%. 
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In fact, the empirical evidence in this paper confirms that EPU has a non-linear impact on 
ER, providing an important reference for central banks when making intervention decisions in the 
foreign exchange market. This study also highlights the critical importance of tracking regimes of 
EPU and ER misalignment for ensuring ER stability. Investors can even use ER misalignment as 
an indicator of EPU to make informed decisions about holding foreign currency assets. 
Governments and policymakers should increase policy transparency to improve "expectation 
management" policies, helping investors better anticipate market fluctuations. Furthermore, 
unnecessary policy changes should be minimised to maintain a stable economic environment, as 
predictable markets are crucial for maintaining ER equilibrium. 
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Abstract 

Purpose — This study investigates the impact of Information and 
Communication Technology (ICT) trade flow components, specifically 
ICT service exports, ICT goods exports, and ICT goods imports, 
alongside economic complexity and renewable energy share on carbon 
emissions. 

Methodology — A panel of BRICS countries from 2000 to 2022 is 
estimated using a second-generation cross-sectional autoregressive 
distributed lag (CS-ARDL) model that accounts for cross-sectional 
dependence and slope heterogeneity across countries.  

Findings — Gross domestic product per capita and economic 
complexity are positively associated with carbon emissions. ICT trade 
flows have heterogeneous effects on emissions. ICT services, exports, 
and renewable energy consumption significantly reduce carbon 
emissions. However, ICT goods exports and imports have an 
insignificant effect on carbon emissions. 

Implications — The results suggest that the BRICS countries must 
emphasise policy measures that promote the export of ICT services, 
accelerate renewable energy adoption, and promote industrial 
transformation policies towards sustainable production practices. 

Originality — This study focuses on supply-side ICT trade channels 
and disaggregates them into ICT goods exports, imports, and service 
exports. Furthermore, this study applies second-generation estimation 
techniques that are robust to cross-sectional dependence and slope 
heterogeneity. 

Keywords — ICT Trade Flows; Economic Complexity; Renewable 
Energy; CS-ARDL 

 

Introduction 

Balancing economic growth with environmental sustainability remains a significant challenge for 
emerging economies undergoing structural transformation (Shekhawat et al., 2025). Despite rapid 
economic and technological advancements characterised by the rapid growth of information and 
communication technology (ICT) and an evolving production structure marked by rising economic 
complexity and an increasing renewable energy transition, BRICS economies are experiencing a 
significant rise in carbon emissions. In recent years, these economies have accounted for about 
42% of global carbon emissions (Erkılıç et al., 2025). This raises concerns regarding the 
environmental effects of their developmental pathways. 
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These structural changes affect carbon emissions via different mechanisms. ICT may 
reduce emissions by facilitating technological innovations and digital solutions, promoting 
efficiency gains across industries (Kashif et al., 2024), whereas it may increase emissions by 
increasing overall energy demand (Irfan et al., 2025). Economic complexity may reduce emissions 
through industrial upgrading towards higher value-added and knowledge-intensive exports, 
whereas it may increase emissions through energy-intensive exports (Balsalobre-Lorente et al., 
2023). Renewable energy reduces emissions through the energy substitution channel by substituting 
fossil fuels with cleaner energy sources (Shekhawat et al., 2025). While ICT development, an 
evolving production structure, and energy transition are viewed as catalysts for low-carbon and 
sustainable growth, their environmental implications yield mixed empirical evidence. 

The empirical evidence examining the impact of ICT on carbon emissions remains 
inconclusive (Appiah-Otoo et al., 2023). Studies that measure ICT using demand-based indicators, 
such as internet adoption rates and mobile and telephone subscription rates, report mixed findings 
regarding its impact on carbon emissions. One strand of literature reports that ICT significantly 
improves environmental quality (Sun et al., 2026; Wen et al., 2025). These studies suggest that ICT 
reduces emissions by enabling resource optimisation, improves energy efficiency, and directs 
economic activity towards low-carbon service-based sectors (Zuo & Ren, 2025). Whereas other 
studies found that the growth of ICT increases electricity demand for digital infrastructure and 
related services, thereby increasing emissions (Adebayo et al., 2025; Le et al., 2025). The literature 
primarily focuses on demand-side indicators as proxies for digitalisation. It captures ICT adoption 
usage intensity and efficiency impacts.  

However, these demand-side indicators of ICT do not account for the production and 
supply aspects of ICT, where energy consumption and emissions may be embedded. Thus, it may 
underestimate the sector’s total environmental impact. However, the empirical literature on ICT 
focuses primarily on the supply side. Empirical studies have reported heterogeneous effects of ICT 
trade components on carbon emissions. Mhlanga (2025) found that ICT goods exports significantly 
increase carbon emissions in the case of BRICS countries. The finding is consistent with the 
energy-intensive nature of ICT goods production, including digital hardware, telecommunications 
devices, and electronic equipment, which depend on carbon-based inputs and energy-intensive 
production methods, thereby increasing carbon emissions (Irfan et al., 2025). Whereas Kashif et 
al. (2024) found that ICT services exports significantly reduce carbon emissions in the case of 
OECD countries. ICT services, including digital platforms, software, and cloud solutions, enhance 
environmental quality through dematerialisation and resource efficiency. It also boosts energy 
efficiency and facilitates sustainable production practices (Wen et al., 2025). F. Khan et al., (2025) 
investigated the impact of the ICT trade index (measured by using exports and imports of ICT 
goods and ICT services export indicators) on carbon emissions in the case of five selected Asian 
countries. The findings indicate that ICT significantly reduces carbon emissions.  

However, studies either use individual ICT trade measures or an aggregated measure, neither 
of which reflects the significant variation among components of ICT trade associated with different 
energy intensities and production processes. While ICT services exports represent knowledge-based 
activities with lower carbon intensity, ICT goods trade is associated with energy-intensive production 
and embodied carbon emissions (Kim, 2024; Lange et al., 2020). It is therefore important to analyse 
the varying impact of components of ICT trade on carbon emissions. To address this, the present 
study examines the impact of disaggregated ICT trade channels, including ICT goods exports, ICT 
goods imports, and ICT services exports, on carbon emissions. Beyond digitalisation, the study has 
examined structural transformation through the concept of economic complexity. The Economic 
Complexity Index (ECI) was developed by Hidalgo & Hausmann (2009). It measures the productive 
knowledge, skills, and know-how embedded in the economy’s production structure, as reflected in 
its capacity to manufacture and export a wide range of sophisticated goods.  

Empirical evidence on the environmental impact of economic complexity remains mixed. 
Some studies found that economic complexity is associated with increased carbon emissions 
(Balsalobre-Lorente et al., 2023; Feng et al., 2024). These studies suggest that in the early stages of 
development, increasing economic complexity indicates a shift from agriculture-based exports 
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towards energy-intensive manufacturing-based exports. This transition increases industrial activity 
and energy demand, leading to higher fossil fuel consumption and, in turn, higher carbon 
emissions. Whereas other studies found that economic complexity is associated with reduced 
carbon emissions (Haciimamoglu, 2025; Tabash et al., 2024). Countries with a greater level of 
complexity specialise in higher-value-added knowledge-intensive exports. Their accumulation of 
advanced capabilities facilitates technological innovations and energy-efficient, cleaner production 
methods, thereby reducing carbon emissions. This contrasting evidence suggests that the 
environmental impact of economic complexity depends on the prevalent production structure and 
energy mix. In parallel, the renewable energy transition has been widely regarded as a crucial 
strategy for reducing carbon emissions. Studies have consistently found that renewable energy 
significantly reduces carbon emissions (Balsalobre-Lorente et al., 2023; Zuo & Ren, 2025). 

Despite a growing body of literature, existing literature largely examines information and 
communication technology (ICT), economic complexity, and renewable energy separately, with 
limited attention to their combined influence on carbon emissions. This fragmented approach limits 
understanding of how ongoing structural transformations influence carbon emissions. In addition, 
most ICT-related studies rely on general ICT adoption metrics, such as internet access and 
subscription rates. However, these metrics do not capture the supply-side ICT trade flows, which 
influence production efficiency, technology diffusion, and carbon emissions differently across 
economies. Therefore, these limitations highlight the need of an integrated analytical framework that 
accounts for ICT trade, the complexity of economic systems, and the energy structure to provide a 
comprehensive understanding of how these interconnected factors influence environmental quality.  

In this context, the present study extends the STIRPAT model framework to examine the 
impact of ICT trade flows (exports of ICT services, exports of ICT goods, and imports of ICT 
goods), economic complexity, and renewable energy on carbon emissions across BRICS 
economies. The present study contributes to the existing literature in several ways. First, the study 
includes supply-side ICT trade variables comprising ICT services exports, ICT goods exports and 
ICT goods imports to assess their environmental impact, thereby moving beyond demand-side 
ICT usage indicators and providing fresh insights on the impact of ICT trade components on 
environmental quality. Second, the study includes economic complexity as a structural 
transformation variable, providing a novel perspective on the impact of evolving productive 
knowledge and capability structure on environmental quality. Third, the study includes the share 
of renewable energy (% of total final energy consumption) to analyse the impact of the economy’s 
prevalent energy mix on environmental quality. The study contributes theoretically by extending 
the STIRPAT model to include ICT trade, economic complexity, and renewable energy as key 
technological variables, and by analysing how technological progress, underlying production 
capabilities, and energy structure influence carbon emissions. Additionally, as a methodological 
advancement, the study employs a cross-sectional autoregressive distributed lag (CS-ARDL) model 
that accounts for cross-sectional dependence and slope heterogeneity. This is particularly relevant 
for highly interconnected economies like BRICS, where cross-sectional dependence and slope 
heterogeneity are prevalent.  

The analysis is essential for understanding the development pathways of BRICS economies 
in the digital era. From a policy perspective, understanding the environmental trade-off associated 
with ICT-driven industrialisation is essential, as the BRICS economies strive for sustainable growth 
and greater integration into the global digital trade network. It provides policy insights on how 
emerging economies might leverage ICT and technological advancement while ensuring 
environmental sustainability. 

 

Methods 

Data Source and Description 

The study is conducted on a sample of BRICS countries, namely Brazil, Russia, India, China, and 
South Africa, for the period 2000 to 2022, based on data availability. Table 2 provides a brief 
description of the variables employed and data sources. 
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Table 1. Description of Variables and Data Sources 

Variables Symbols Units Sources 

Carbon emissions per capita  COEPC Tonnes per person Our World in Data 
Urban Population URB Per cent of total population Our World in Data 
Gross domestic product per capita  GDPPC constant 2021 US$ Our World in Data 
Exports of ICT Services  ICTSER Per cent of total services 

exports 
World Development 
Indicators 

Exports of ICT goods  ICTEXP Per cent of total goods 
exports 

World Development 
Indicators 

Imports of ICT goods  ICTIMP Per cent of total goods 
exports 

World Development 
Indicators 

Economic complexity index ECI Index Atlas of Economic 
Complexity 

Renewable energy share  RES Per cent total final energy 
consumption 

Our World in Data 

 
Theoretical Framework and Model Specification 

The study analyses the determinants of carbon emissions using the Stochastic Impacts by 
Regression on Population, Affluence, and Technology (STIRPAT) model framework to determine 
the role of human activities on environmental quality (Dietz & Rosa, 1997). The model can be 
described using the following equation: 

𝐼𝑖𝑡 = 𝑎𝑃𝑖𝑡
𝑏𝐴𝑖𝑡

𝑐 𝑇𝑖𝑡
𝑑𝜀𝑖𝑡          (1) 

where I represents environmental impact, P represents population, A represents affluence, and T 

represents the technology variable; 𝜀𝑖𝑡 represents the error term; a is the constant term; b, c, and d 
are parameters associated with population, affluence and technology variables; i is the cross-section 
unit, and t is the time period. 

To estimate equation 1, all variables are transformed to their natural logarithms to account 
for heteroskedasticity and to allow interpretation of the coefficients in elasticities. For the empirical 
analysis, the model is transformed into log-linear form: 

𝑙𝑛𝐼𝑖𝑡 = 𝛼 + 𝑏𝑙𝑛𝑃𝑖𝑡 + 𝑐𝑙𝑛𝐴𝑖𝑡 + 𝑑𝑙𝑛𝑇𝑖𝑡 + 𝜀𝑖𝑡  (2) 

In the study, environmental impact is represented by carbon emissions per capita 

𝐿𝑛𝐶𝑂𝐸𝑃𝐶𝑖𝑡. Within the STIRPAT framework, the population effect measures the population 
concentration. It is represented by using the urban population (% of total population), indicated 

by 𝐿𝑛𝑈𝑅𝐵𝑖𝑡 . Higher urbanisation is expected to increase carbon emissions (𝛽1 > 0) due to 
increased energy demand, infrastructure expansion and transportation requirements in BRICS 
(Singh et al., 2024; Wang et al., 2024). Affluence measures the intensity of  economic activity per 

person. It is represented by using gross domestic product per capita, indicated by 𝐿𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 . In 
BRICS countries, higher economic growth is characterised by rapid industrialisation and energy-
intensive economic activities. Economic growth increases overall output production and energy 
consumption, which in turn increases carbon emissions (Singh et al., 2024; Ullah et al., 2023). 

Therefore, the study hypothesizes positive relationship between GDPC and COEPC (𝛽2 > 0).  
The study extends the technological component of the STIRPAT model framework to 

capture ongoing structural transformations in economies characterised by rapid digitalisation (ICT 
goods exports, ICT goods imports, and ICT services exports), evolving production structures 
(economic complexity), and the energy transition (renewable energy share). The digitalisation aspect 
is represented by disaggregated ICT trade components i.e. ICT services exports (% of total services 

exports) indicated by 𝐿𝑛𝐼𝐶𝑇𝑆𝐸𝑅𝑖𝑡, ICT goods exports (% of total goods exports) indicated by 

𝐿𝑛𝐼𝐶𝑇𝐸𝑋𝑃𝑖𝑡 and ICT goods imports (% of total goods exports) indicated by 𝐿𝑛𝐼𝐶𝑇𝐼𝑀𝑃𝑖𝑡. 
ICT services exports (% of total services exports) reflect an economy's ability to export 

knowledge-based digital services. The export of ICT services, such as computer programming, 
consulting, and information services, supports low-carbon and energy-efficient technologies. It also 
facilitates industrial structure upgrading as economies move away from heavy industrial production 

https://ourworldindata.org/
https://ourworldindata.org/
https://ourworldindata.org/
https://databank.worldbank.org/source/world-development-indicators
https://databank.worldbank.org/source/world-development-indicators
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towards cleaner, knowledge-intensive industries (Kashif et al., 2024). They are less energy-intensive 
and resource-intensive than the manufacturing of ICT goods. Thus, it is hypothesised that the 
expected sign of ICT services exports on carbon emissions is negative (beta sub 3 less than 0).  

ICT goods exports (as % of total exports) represent technology diffusion through the trade 
channel. However, the production of ICT goods such as computers, phones, semiconductors, and 
other hardware is energy-intensive. Additionally, the manufacturing and disposal of ICT equipment 
pose challenges for electronic waste management and resource depletion (Ghulam & 
Abushammala, 2023). Thus, higher ICT goods exports lead to greater production and, hence, an 
increase in carbon emissions (Mhlanga, 2025). Thus, it is hypothesised that the expected sign of 

ICT goods exports with carbon emissions is positive in BRICS (𝛽4 > 0).  
ICT goods imports (% of total goods exports) facilitate the adoption of advanced energy-

efficient digital technologies within the economy. Hence, it reflects the technique effect. Imports 
of ICT goods reduce emissions through the adoption of cleaner manufacturing processes, energy-
efficiency improvements, and dematerialisation within the economy (A. Khan & Ximei, 2022). 
However, ICT goods imports may also increase energy consumption and emissions (Irfan et al., 
2025). Thus, it is hypothesised that the expected sign of ICT goods imports with carbon emissions 

is ambiguous (β5 > 0 or β5 < 0).  
In addition to ICT-based digitalisation, the technology component encompasses structural 

transformation in production, as measured by the Economic Complexity Index. It is indicated by 

𝐸𝐶𝐼𝑖𝑡. It measures the diversity and sophistication of the production structure, as reflected in the 
economy's export composition of the economy. A higher economic complexity reflects an 
economy’s ability to produce technologically advanced and knowledge-intensive exports that are 
less carbon-intensive. A lower economic complexity reflects a production structure characterised 
by resource- and energy-intensive manufacturing, leading to increased carbon emissions 
(Haciimamoglu, 2025). In the study, Economic complexity in the BRICS economies is often 
associated with energy-intensive exports, which leads to a rise in emissions (Balsalobre-Lorente et 

al., 2023). Therefore, ECI is hypothesised to have a positive impact on emissions (𝛽2 > 0).  
Further technology components are extended to include the adoption of renewable energy. 

The study uses the renewable energy share (% of total final energy consumption) indicated by 

𝐿𝑛𝑅𝐸𝑆𝑖𝑡. It reflects the transition from a carbon-intensive energy structure towards a more 
sustainable energy mix. Thus, it represents clean energy technology that reduces carbon emissions, 
as it has a lower life-cycle carbon footprint (Shekhawat et al., 2025). Thus, it is hypothesised that 
the expected sign of the Renewable energy share (% of total final energy consumption) and carbon 

emissions is negative (𝛽6 < 0). 
Thus, the extended model is specified as: 

𝐿𝑛𝐶𝑂𝐸𝑃𝐶𝑖𝑡 = 𝛼0 + 𝛽1𝐿𝑛𝑈𝑅𝐵𝑖𝑡 + 𝛽2𝐿𝑛𝐺𝐷𝑃𝑃𝐶𝑖𝑡 + 𝛽3𝐿𝑛𝐼𝐶𝑇𝑆𝐸𝑅𝑖𝑡 +  𝛽4𝐿𝑛𝐼𝐶𝑇𝐸𝑋𝑃𝑖𝑡 +
𝛽5𝐿𝑛𝐼𝐶𝑇𝐼𝑀𝑃𝑖𝑡 + 𝛽6𝐸𝐶𝐼𝑖𝑡 +  𝛽7𝐿𝑛𝑅𝐸𝑆𝑖𝑡 +  𝜀𝑖𝑡  (3) 

In equation (3), 𝛼0 represents the constant term, and 𝛽1; 𝛽2; 𝛽3; 𝛽4; 𝛽5; 𝛽6; 𝛽7 are the model 

coefficients to be estimated in the model analysis and 𝜀𝑖𝑡 represents the error term.  
 
Panel Estimation Technique 

The study conducts various pre-diagnostic tests, including the cross-sectional dependence test, 
slope homogeneity test, and panel unit root test, to select the appropriate methodology for the 
empirical analysis.  
 
Cross-Sectional Dependence (CSD) test  

Cross-sectional dependence arises because of unobserved common factors, global shocks or local 
spillovers which affect all the individual units (e.g. countries or firms) simultaneously. Hence, the 
residuals are correlated across individual units in a panel data model. To check the cross-sectional 
dependence across the panel, the study uses the cross-sectional dependence (CSD) test developed 
by Pesaran (2004). It can be expressed as,  
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𝑃𝑒𝑠𝑎𝑟𝑎𝑛 𝐶𝑆𝐷 = √
2𝑇

𝑁(𝑁−1)
 (∑𝑖=1

𝑁−1∑𝑗=𝑖+1 
𝑁 𝜌̂𝑖𝑗)  (4) 

Here, N represents the number of cross-sectional units, T represents the time period, and 

𝜌̂𝑖𝑗 represents the pairwise correlation of residuals between unit i and unit j. The hypothesis of the 

test is that the null hypothesis states that there is no cross-sectional dependence among the cross-
sectional units, while the alternative hypothesis states that there is cross-sectional dependence. 

 
Second-Generation Panel Unit-Root Test 

To determine the stationarity properties of the variables, the study uses the second-generation 
Cross-Sectional Augmented Im, Pesaran, and Shin (CIPS) test (Pesaran, 2007). The test statistics 
of CIPS is calculated as:  

𝐶𝐼𝑃𝑆(𝑁, 𝑇) =
1

𝑁
∑ 𝐶𝐴𝐷𝐹𝑖(𝑁, 𝑇)𝑁

𝑖=1   (5) 

Here N is the cross-sections, T is the time and 𝐶𝐴𝐷𝐹𝑖(𝑁, 𝑇) is the Cross-sectionally augmented 
Dickey-Fuller statistic for ith cross-section. It is obtained from the regression: 

∆𝑌𝑖,𝑡 = 𝛼𝑖 + 𝛽𝑖𝑌𝑖,𝑡−1 + 𝑐𝑖𝑌̅𝑡−1 +  ∑ 𝑑𝑖𝑗Δ𝑌̅𝑡−𝑗
𝑝
𝑗=0 + ∑ 𝜙𝑖𝑗

𝑝
𝑗=1 ∆𝑌𝑖,𝑡−𝑗 + 𝜀𝑖𝑡  (6) 

The hypothesis of the test is that the null hypothesis states that there is a unit root present in the 
variable, while the alternative hypothesis states that there is no unit root present in the variable. 
 
Slope Homogeneity Test 

The Slope homogeneity test is used to determine if the slope coefficient is constant across various 
cross-sectional units within a dataset. In panel data analysis, it is used to choose between the pooled 
estimation technique, which assumes identical slopes across cross-sectional units in the panel, and 
the estimation technique that accounts for slope heterogeneity (Pesaran & Yamagata, 2008). It is 
represented by the following equations: 

∆𝑆𝐻=  (𝑁)
1

2 (2𝑘)
1

2  (
1

𝑁
𝑆̃ − 𝑘) (7) 

∆̃𝐴𝑆𝐻= (𝑁)
1

2 (
2𝑘(𝑇−𝑘−1)

𝑇+1
)

−
1

2
(

1

𝑁
𝑆̃ − 2𝑘)  (8) 

where ∆𝑆𝐻 is delta tilde and ∆̃𝐴𝑆𝐻 represents the adjusted delta tilde test statistic. 𝑆̃ is swamy test 
statistic, K is the number of independent variables, and N is the number of cross-sectional units. 
The hypothesis of the test is that the null hypothesis states that the slope coefficients are 
homogeneous across all units, while the alternative hypothesis states that they are heterogeneous 
across units. 
 
Cross-Sectionally Augmented Autoregressive-Distributed Lag (CS-ARDL) Model 

Finally, to estimate long-run coefficients, the study uses a second-generation cross-sectionally 
augmented autoregressive distributed lag (CS-ARDL) model (Chudik & Pesaran, 2015). The model 
addresses the cross-sectional dependence and accounts for slope heterogeneity. The generalised 
form of the model can be represented by the following equation: 

𝑦𝑖𝑡 = 𝛼𝑖 +  ∑ 𝜙𝑖𝑙𝑦𝑖,𝑡−𝑙
𝑝𝑦

𝑙=1 +  ∑ 𝛽′𝑖𝑙𝑥𝑖,𝑡−𝑙
𝑝𝑥
𝑙=0 + ∑ 𝛾′𝑖𝑙

𝑝𝑧̅
𝑙=0 𝑧𝑡̅−𝑙 + 𝜀𝑖𝑡 (9) 

Where, 𝑦𝑖𝑡 is carbon emissions per capita, 𝑥𝑖,𝑡 is vector of explanatory variables and 𝑧𝑡̅ is 

cross-sectional averages of both dependent and independent variables. Furthermore, to ensure 
robustness of the baseline model, the study employs a fully modified ordinary least squares 
(FMOLS) estimator, which corrects for endogeneity of regressors and serial correlation in 
cointegrated panels (Phillips & Hansen, 1990). 
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Results and Discussion 

The findings of Pesaran, (2004) test for the presence of cross-sectional dependence in the panel 
are reported in Table 2. For most of the variables, including COEPC, URB, GDPPC, ICTSER, 
ICTEXP and RES, the CD test statistic is significant at the 1% level of significance (p-value < 
0.01). So, we reject the null hypothesis (H0) for the test, i.e. the series is cross-sectionally 
independent. Thus, the CSD test confirms that the countries are cross-sectionally dependent. 
Because CSD is present, the conventional first-generation panel unit root test may yield biased and 
inconsistent estimates. Therefore, the study proceeds with a second-generation unit-root test that 
accounts for CSD. 
 

Table 2. Cross-sectional dependence test 

Variable CD-test p-value Average joint T mean ρ Mean abs ρ 

COEPC  5.68 0.00 23.00 0.37 0.59 
URB 14.35 0.00 23.00 0.95 0.95 
GDPPC 13.48 0.00 23.00 0.89 0.89 
ICTSER  9.19 0.00 23.00 0.61 0.61 
ICTEXP -2.37 0.01 23.00 -0.16 0.30 
ICTIMP 1.86 0.06 23.00 0.12 0.43 
ECI -1.95 0.05 23.00 -0.13 0.68 
RES 6.80 0.00 23.00 0.45 0.46 

H0: Series is cross-sectionally independent. 

 
The findings of the second-generation panel CIPS unit-root test are reported in Table 3. 

At the level form, the variables COEPC, GDPPC, ICTEXP, ECI and RES do not display 
statistically significant CIPS statistic (p-value > 0.05). These variables are therefore non-stationary 
in level form, as we fail to reject the null hypothesis (i.e., the presence of a unit root). In the first 
difference, the variables COEPC, GDPPC, ICTEXP, ECI, and RES show statistically significant 
CIPS statistics (p-values < 0.05). This indicates that these variables become stationary after first 
differencing; thus, they are integrated of order I(1). ICTSER and ICTIMP report statistically 
significant CIPS statistics at the level (p-value < 0.05). Whereas URB shows a statistically significant 
CIPS statistic at the 10% level of significance. Thus, these variables are integrated of order I (0). 
Overall, the findings confirm a mixed order of integration across variables.  

 
Table 3. Second-generation CIPS unit root test 

Variable CIPS statistic at the 
level 

CIPS statistic at First-difference Order of Integration 

COEPC -1.14 -3.34*** I (1) 
URB -2.26* - I (0) 
GDPPC -1.93 -2.90*** I (1) 
ICTSER -2.86*** - I (0) 
ICTEXP -1.54 -3.55*** I (1) 
ICTIMP -2.58*** - I (0) 
ECI -1.31 -4.79*** I (1) 
RES -1.93 -5.04*** I (1) 

H0: There is a unit root. 

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. 

 
The findings of the Pesaran & Yamagata (2008) slope homogeneity test are reported in 

Table 4. It indicates that both the delta statistic and the adjusted delta test statistic are statistically 
significant at the 1% level (p-value < 0.01). Thus, we reject the null hypothesis and confirm that 
the slope coefficients are heterogeneous across the panel. 

The diagnostic test in Table 4 is used to select the appropriate estimation method. The 
panel shows cross-sectional dependence, slope heterogeneity and mixed order of integration across 
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variables. Conventional panel estimation models that rely on homogeneous slope coefficients and 
cross-sectional independence may not provide robust estimates. Thus, to account for unobserved 
common factors, heterogeneous slope coefficients, and variables exhibiting mixed orders of 
integration, the study uses a second-generation cross-sectionally augmented autoregressive 
distributed lag (CS-ARDL) model (Chudik & Pesaran, 2015). The findings are reported in Table 5.  
 

Table 4. Slope heterogeneity test 

Test Statistic p-value 

Delta 6.46 0.00 
Delta Adj. 8.28 0.00 
H0: Slope coefficients are homogeneous. 

Note: ***, **, and * indicate significance at the 1%, 5%, and 10% levels, respectively. 

 
Table 5. Long-Run and Short-Run Estimates from the CS-ARDL Model 

LNCOEPC Coef. Std. Err. z P > |z| [95% Conf. Interval] 

Short Run Est.  
Mean Group:  
LNURB 0.469 2.27 0.21 0.83 -3.980 4.919 
LNGDPC 0.812 0.341 2.38 0.01 0.142 1.482 
LNSERV -0.088 0.040 -2.18 0.02 -0.167 -0.009 
LNEXP -0.001 0.050 -0.02 0.98 -0.100 0.097 
LNIMP 0.082 0.065 1.26 0.20 -0.045 0.210 
ECI 0.088 0.034 2.56 0.01 0.020 0.155 
LNRES -0.381 0.148 -2.57 0.01 -0.671 -0.090 

Adjust. Term 
Mean Group: 
lr_LNCOEPC -1.04 0.090 -11.52 0.00 -1.21 -0.865 

Long Run Est. 
Mean Group: 
lr_LNURB 0.172 1.962 0.09 0.93 -3.673 4.017 
lr_LNGDPC 0.689 0.315 2.18 0.02  0.070 1.308 
lr_LNSERV -0.088 0.041 -2.14 0.03 -0.169 -0.007 
lr_LNEXP 0.002 0.048 0.05 0.95 -0.091 0.096 
lr_LNIMP 0.092 0.071 1.29 0.19 -0.048 0.232 
lr_ECI 0.095 0.035 2.70 0.00 0.026 0.164 
lr_LNRES -0.359 0.145 -2.47 0.01 -0.644 -0.074 

F (85,25) = 3.88 
Prob > F = 0.00 
R-squared (MG) =0.99 
CD Statistic = -1.26 (p-value = 0.206) 

Note: The CD test statistic indicates no significant cross-sectional dependence in the residuals (p-value > 
0.05), thus confirming the reliability of the estimates. 

 
The findings show that GDPPC has a positive and statistically significant effect on COEPC 

in both the short and long run. The estimated coefficient indicates that a 1-unit increase in GDPPC 
is associated with a 0.68-unit increase in carbon emissions per capita in the long run. This suggests 
that an increase in economic growth is associated with rising environmental pressures in the case 
of BRICS countries. This pattern indicates the structural reliance of these countries on energy-
intensive industrialisation, infrastructure development, and continued reliance on fossil fuels, 
resulting in increased carbon emissions. The finding is consistent with the recent studies by Singh 
et al., (2024) and Ullah et al., (2023).  

Furthermore, the findings reveal the differing impacts of ICT goods exports, ICT goods 
imports, and ICT services exports on per capita carbon emissions across BRICS countries. While 
ICT services exports reduce emissions, ICT goods exports and imports show no significant effect. 
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The findings show that ICT service exports have a negative and statistically significant 
effect on per capita carbon emissions in both the short and long run. The estimated coefficient 
indicates that a unit increase in ICT services exports decreases carbon emissions per capita by 0.08 
units in the long run. The findings support the hypothesis that the integration of digital services 
into the economy facilitates the transition towards a less carbon-intensive economy. ICT services 
such as telecommunications, consultancy, courier and information services, and software solutions 
promote energy efficiency and reduce emissions. Exports of ICT services shift economic activity 
towards lower-emission, knowledge-intensive sectors, thereby reducing structural dependence on 
energy-intensive sectors. Further, ICT services enable industries to adopt digital technologies that 
enhance production efficiency and reduce energy use per unit of output, representing a technique 
effect. The findings of this study are consistent with the study by Kashif et al., (2024). Thus, the 
expansion of ICT services exports in international trade can be a viable strategy to decouple 
economic growth from emissions, as these services have a comparatively lower carbon footprint 
than manufacturing ICT goods, indicating a sustainable, technology-driven development pathway.  

The findings show that economic complexity has a positive and statistically significant effect 
on carbon emissions per capita both in the short and long run. The estimated coefficient indicates 
that with a one-unit increase in economic complexity, carbon emissions per capita increase by 0.09 
units in the long run. This implies that rising economic complexity in these countries is associated 
with resource-intensive manufacturing, which increases emissions. Our results are consistent with 
the previous studies by Balsalobre-Lorente et al., (2023) and Haciimamoglu, (2025). 

The findings show that renewable energy has a negative and statistically significant effect on 
per capita carbon emissions in both the short and long run. The findings indicate that with a one-
unit increase in the renewable energy share, carbon emissions per capita decrease by 0.35 units in the 
long run. The reason could be that renewable energy resources have lower life cycle emissions than 
fossil fuels. The finding supports the anticipated environmental advantage of switching towards 
cleaner energy sources. The results align with the work published by Shekhawat et al., (2025). 

 
Table 6. Robustness Analysis Using the FMOLS Model 

Variable Coefficient Std. Error t-statistic prob 

LNURB -2.72 0.58 -4.67 0.000 
LNGDPC 1.520 0.269 5.651 0.000 
LNSERV -0.578 0.084 -6.813 0.000 
LNEXP -0.083 0.120 -0.688 0.492 
LNIMP -0.245 0.342 -0.716 0.475 
ECI 0.614 0.274 2.238 0.027 
LNRES -0.169 0.060 -2.787 0.006 

R-Squared 0.751    
Adjusted R-Squared 0.736    

 
Further, the findings of the robustness analysis are provided in Table 6. The findings are 

broadly consistent with the baseline model. Gross domestic product per capita and economic 
complexity reveal a positive and significant correlation with emissions. Renewable energy share and 
ICT services exports reveal a negative and significant correlation with emissions. Whereas ICT 
goods exports and imports remain statistically insignificant. However, the effect of urbanisation on 
emissions becomes negative and significant in the robustness model, whereas it was insignificant 
in the CS-ARDL model, indicating its effect is sensitive to model specification.  

 

Conclusion 

The present study examined the impact of individual components of ICT trade (ICT services 
exports, ICT goods exports and ICT goods imports), economic complexity index (ECI) and 
renewable energy share (RES) on carbon emissions per capita (COEPC) using the STIRPAT model 
framework. Methodologically, to account for cross-sectional dependence, heterogeneity of slope 
coefficients, and mixed order of integration, the panel study used a second-generation cross-
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sectionally augmented autoregressive distributed lag (CS-ARDL) model for the panel of BRICS 
over the period 2000-2022. The findings reveal that ICT service exports and renewable energy 
significantly reduce carbon emissions, indicating their positive role in improving environmental 
quality. Whereas gross domestic product per capita and economic complexity index significantly 
increase carbon emissions, indicating their harmful effects on environmental sustainability. 
However, ICT goods exports and imports have no significant effect on carbon emissions. The 
findings suggest that increasing the adoption of renewable energy and ICT services can help reduce 
carbon emissions. However, their impact on emissions reduction remains limited relative to the 
emissions pressure associated with economic growth and rising economic complexity. Therefore, 
a more effective decarbonization pathway requires aligning these mitigation channels with 
structural changes in the production system, such as reducing the carbon intensity of complex 
industries and integrating renewable energy into high-value-added sectors. Thus, renewable energy 
and ICT services can be an enabling factor in a more comprehensive transition strategy to achieve 
carbon neutrality objectives in BRICS countries (Balsalobre-Lorente et al., 2023).  

Our findings present the following policy implications for enhancing environmental quality 
in selected economies through ICT trade and the adoption of renewable energy. First, the findings 
indicate that exports of ICT services are negatively correlated with carbon emissions, suggesting 
that the expansion of digital services improves environmental quality. Policies should be 
formulated to facilitate the growth of ICT service industries by building an enabling environment 
through investment in digital infrastructure and digital skills development. In addition, promoting 
ICT-related services, including software development, cloud computing, IT consulting, e-
governance, and digital banking, promotes dematerialisation and is less energy-intensive. Thus, 
exports of ICT services can serve as a low-carbon growth strategy for the BRICS economies. 
Second, the detrimental effect of economic complexity on environmental quality suggests that 
countries must integrate industrial upgrading strategies with environmental objectives. Policies 
should be formulated to channelise investments in the development of green technological 
capabilities, such as research and development (R&D) in renewable energy technologies and 
energy-efficient manufacturing methods. Further, the study highlights the positive role of 
renewable energy in environmental sustainability. Policymakers should prioritise investments in 
renewable energy infrastructure, enhance renewable energy subsidies, and implement regulatory 
frameworks that encourage business transition towards sustainability. 

In conclusion, our findings suggest that ICT-driven growth, characterised by ICT services 
exports, can promote sustainability and must be integrated with renewable energy technologies, 
energy-efficient measures, and innovation-driven industrial upgrading strategies. 
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Abstract 

Purpose — This study examines the symbiotic relationship between 
women's representation in parliament and domestic credit, and the direct 
and indirect pathways by which these factors influence economic 
prosperity in Southern African Development Community (SADC) 
countries. 

Methods — Panel data from 16 SADC countries over the period 1997 
-2022 are analysed using Generalised Method of Moments (GMM) and 
Generalised Structural Equation Modelling (GSEM), with a focus on the 
examination of interaction effects and diminishing returns of women’s 
parliamentary representation and domestic credit on economic 
prosperity. 

Findings — The results indicate that women’s representation in 
parliament has a significant positive effect on economic prosperity, with 
the effect strengthened by domestic credit. Domestic credit also 
contributes indirectly to economic growth by enhancing women’s 
economic influence. 

Implication — These findings provide important insights for 
policymakers, highlighting the need for a balanced strategy that promotes 
both women’s political participation and financial inclusion while 
avoiding potential economic imbalances. 

Originality — This study contributes to the literature by integrating 
gender, finance, and economic growth within the SADC context and by 
uncovering indirect pathways through which domestic credit affects 
economic prosperity via women’s political empowerment. 

Keywords — Women in Parliament; Domestic Credit; Economic 
Prosperity; Financial Inclusion; SADC 

 

Introduction 

The symbiotic relationship between women and credit has been a key factor in the longevity and 
prosperity of societies and empires throughout history (De Nicola, 2022; De Soto, 2019; Harris, 
2019; Hudson, 2020; Keller, 2022; Ma et al., 2023). Perhaps one of the most vivid historical 
examples of the intertwining of the two elements is Queen Isabella's support of Christopher 
Columbus's voyage, which contributed to the expansion of the Spanish Empire, among other 
factors (Milam, 2019). When credit and women work in unison, it is possible to achieve a fair and 
balanced allocation of power, resources and opportunities in society (Perunovic, 2023; Wee, 2021; 
Yadav, 2023). It might seem easy to bring women and credit together, but certain countries around 
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the world face obstacles in advancing gender equality and financial inclusion. This issue has multiple 
dimensions and impacts both developed and developing countries in diverse ways (Fernández et 
al., 2021; Ojo, 2023). Even though credit and women have greatly influenced the prosperity of 
ancient empires, modern African societies have not yet fully utilised these elements to their full 
potential. Furthermore, although women in Africa make up the vast majority of the population, 
their contribution to the continent's gross domestic product accounts for only 33% (Moodley et 
al., 2019).  

Despite their little contribution towards GDP, women achieve that level of contribution 
while facing obstacles in the financial infrastructure. Research has shown that African women lack 
adequate access to credit, leaving them with limited financing options (Adewusi, 2021; Vandi et al., 
2022). Lack of adequate access to credit hinders women’s effective participation in enhancing the 
economic prosperity of the societies they live in. At this juncture, it seems quite plausible to ponder 
that African economic prosperity can be enhanced by improving women's access to credit and 
promoting their empowerment across all facets of daily undertakings in society. Improvement of 
women's access to credit could be essential for harnessing their economic potential (Agarwala et 
al., 2022). Women can use money obtained through domestic credit to invest in businesses, 
education, and healthcare, ultimately fostering broader economic growth and stability. 

Perhaps one of the key strategies for promoting women is to increase their representation 
in decision-making roles within the legislative branch of government (Bency, 2018; Gao & 
Mahutga, 2023). Scholars have shown that higher female representation in parliament improves 
governance and reduces corruption, both of which are beneficial for economic growth (Gao & 
Mahutga, 2023; Tusalem, 2022). This idea is particularly relevant in African economies since some 
of the studies have shown that women in parliament are more likely to advocate for policies that 
promote financial inclusion, reduce income inequality, and support female entrepreneurship, which 
are critical for unlocking the economic potential of any society (Goltz et al., 2015; Wang & Naveed, 
2021). By encouraging women to take leadership roles, a country can foster creativity in decision-
making through diversity of viewpoints and leadership abilities, which may affect economic growth 
(Arnold & Gammage, 2019; Khushk et al., 2023). Africa is making significant strides in empowering 
women, especially in sub-Saharan Africa, where the number of women in parliaments has increased 
in recent years. However, the progress of women legislators varies significantly across the continent 
(Adams & Wylie, 2020; Mojapelo & Faku, 2020).  

Economic prosperity refers to the degree of material economic well-being of the local 
population (Mueller, 2021). In this study, per capita GDP was used to gauge economic prosperity. 
GDP per capita was selected as a measure of economic prosperity due to its ability to reflect 
economic growth, living standards, productivity, and group well-being (Bhide & Khanolkar, 2020; 
Kaminitz, 2023; Rodriguez-Avi, 2022). Per capita GDP as a measure of economic prosperity has 
certain drawbacks. There are studies that point out its shortcomings due of factors such as income 
inequality, variations in the cost of living, and the effects of exchange rates, which are not fully 
reflected in per capita GDP (Dědeček & Dudzich, 2022; Mohanty, 2019; Tasnim, 2021). Despite 
its shortcomings, the ultimatum was reached to use it as a measure of economic prosperity due to 
its ease of data availability and its indirect relationship to living standards, thus providing a 
dependable indicator of economic progress and material well-being. 

Gender development theory is an important framework for understanding economic 
development, with a specific emphasis on how gender dynamics shape economic outcomes and 
opportunities (Dow, 2020). For a society to achieve its full economic potential, women must be 
included in economic activities (Guerrero et al., 2023). However, in many societies, women are not 
fully utilised in economic activities, thus limiting the potential of economies (Buterin et al., 2023). 
With gender-based analysis, it is possible to facilitate the creation of economic policies that are 
better tailored to address the distinct requirements and obstacles faced by women, thereby fostering 
their utilisation in economic growth (Onaran et al., 2022). Conversely, financial inclusion theory 
argues that by increasing access to financial services for all members of society, a nation can reduce 
poverty, boost socio-economic development, and, in turn, stimulate economic growth (Ahmad & 
Yadav, 2022). Inclusive economic growth and sustainable development are thought to be 
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influenced by financial inclusion (Van et al., 2021). The integration offers a comprehensive 
framework for analysing the effect of women's empowerment, through politics, on economic 
prosperity and how that effect can be enhanced by domestic credit (Tripathi & Rajeev, 2023). 
Increased domestic credit will enable women to consume goods and invest in businesses, thereby 
contributing to economic growth (Fadil El-Turkey, 2021). 

Some of the inconsistencies highlight the regional variations in the effect of women's 
representation in parliament towards economic growth, such as Mirziyoyeva and Salahodjaev 
(2023), and Altuzarra et al. (2021), while the former found that female empowerment in the public 
sector has a positive effect on economic growth, the latter discovered that it boosted economic 
growth in all developing nations but adversely affected countries in sub-Saharan Africa. Khan et 
al. (2020) and Murari (2017) found that domestic financing boosts economic growth, whereas 
Cecchetti and Kharroubi (2019) concluded that increased domestic credit may encourage riskier, 
less productive investments, ultimately lowering worker productivity and negatively affecting 
economic growth. Ozili et al. (2023) found that an increase in domestic credit to the private sector 
in Nigeria increases GDP per capita when the legal system is strong, but not during crises, further 
suggesting that financial policies, no matter how good, can still be affected by legal frameworks 
and economic stability. Lastly, prior research highlighted the possibility of the presence of 
conflicting outputs regarding short-term vs long-term effects. Mohamed (2022) noted that 
women's participation in parliament boosted Sudan's economy in the short term, but argued that 
the long-term effect may require additional scrutiny. Given these developments, it was necessary 
to assess the effect of women's political representation on the economic prosperity of Southern 
African Development Community (SADC) member states.  

This paper contributes to the current body of knowledge by examining a mechanism that 
has received limited attention in prior research. Previous studies have generally examined the 
separate impacts of women’s empowerment and domestic credit on economic outcomes; however, 
our methodology integrates both perspectives to capture their inherent interdependence across 
various areas and time frames. It incorporates gender and development Theory, financial Inclusion 
Theory, and the principles of diminishing marginal utility into a cohesive analytical framework. 
This integrated approach enhances value by connecting the literature on gender studies, financial 
inclusion, and economic development, while providing context-specific insights for SADC 
economies that have not been thoroughly examined previously. 

 

Methods 

An investigation of the connection between women legislators, domestic credit, and economic 
prosperity was conducted across 16 SADC countries. SADC was established in 1992 to advance 
sustainable development and economic integration throughout Southern Africa (SADC, 2022). Its 
main goals include facilitating commerce, advancing infrastructure development, promoting 
economic integration, and enhancing peace and security among its member states. The community 
consists of 16 members: Angola, Botswana, Comoros, Democratic Republic of the Congo, 
Eswatini, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South 
Africa, Tanzania, Zambia, and Zimbabwe. The structure of the organisation consists of the SADC 
Secretariat, the Council of Ministers, the Summit of Heads of State or Government, and standing 
committees. SADC offers fertile ground for exploring and addressing socio-economic concerns, 
owing to its dynamic economic integration initiatives and the distinct challenges and opportunities 
it presents (Muntschick, 2020). 

The study period covered the years from 1997 to 2022; these years were selected due to the 
limited availability of data on the percentage of women in parliament prior to 1997. The data used 
in this study were obtained from the World Bank database. The annual GDP per capita in current 
US dollars, used as a proxy for economic prosperity, was the dependent variable. The proportion 
of seats held by women in national parliaments and domestic credit was an independent variable. 
The selection of these variables aligns with previous research by various authors (Baskaran et al., 
2024; Cecchetti & Kharroubi, 2019; Khan et al., 2020; Mohamed, 2022). A vector of control 
variables was incorporated to isolate the independent variables and mitigate potential bias from 
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omitted-variable effects, thereby enhancing the coherence of the analysis of the effect of the 
independent variable on the dependent variable. Inflation rate and the percentage of the rural 
population with access to electricity were included as control variables in our analysis, given 
compelling evidence of significant relationships between these variables and gross domestic 
product, as reported by other researchers (Edward, 2023; Mwale & Allexander, 2022). 

Theoretically, economic prosperity as proxied by GDP per capita can be expressed as a 
function of several main factors, namely: 

𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡 = 𝑓(𝑝𝑒𝑟𝑙𝑤𝑜𝑚𝑒𝑛𝑖𝑡 , 𝑑𝑜𝑚𝑐𝑟𝑒𝑑𝑖𝑡, 𝑟𝑢𝑟𝑎𝑙𝑒𝑙𝑒𝑐𝑡𝑟𝑝𝑒𝑟𝑖𝑡, 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡) (1) 

Based on the discussion presented in this paper and the theoretical framework outlined in Equation 
1, and to capture the dynamic nature of the relationship, the following empirical model is specified 
and estimated using the Generalised Method of Moments (GMM). 

𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡  = 𝛽0 + 𝛽1𝐿. 𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡−1 + 𝛽2𝑝𝑒𝑟𝑙𝑤𝑜𝑚𝑒𝑛𝑖𝑡 + 𝛽3𝑑𝑜𝑚𝑐𝑟𝑒𝑑𝑖𝑡 +
𝛽4𝑟𝑢𝑟𝑎𝑙𝑒𝑙𝑒𝑐𝑡𝑟𝑝𝑒𝑟𝑖𝑡 + 𝛽5𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡 + 𝛾𝑖 + 𝜀𝑖𝑡   (2) 

Equation (2) captures the relationship between economic prosperity, proxied by 𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡, 
and the key explanatory variables, namely women’s representation (𝑝𝑒𝑟𝑙𝑤𝑜𝑚𝑒𝑛𝑖𝑡) and domestic 
credit (𝑑𝑜𝑚𝑐𝑟𝑒𝑑𝑖𝑡), along with control variables including rural electrification (𝑟𝑢𝑟𝑎𝑙𝑒𝑙𝑒𝑐𝑡𝑟𝑝𝑒𝑟𝑖𝑡) 
and inflation (𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛𝑖𝑡). The term 𝐿. 𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎𝑖𝑡−1 represents the one-period lag of GDP 
per capita, which is incorporated to account for the dynamic models. The parameters β are to be 
estimated; i denotes the country, t denotes time, represents unobserved effects unique to each 
country and reflect traits that do not change over time, and ε represents the error term. A detailed 
description of all variables and their measurements is provided in Table 1. 
 

Table 1. Variable Description 

Variable name Symbol Measurement Units 

Gross Domestic Product 
per Capita. 

𝐺𝐷𝑃𝑝𝑒𝑟𝑐𝑎𝑝𝑖𝑡𝑎 Natural logarithm of GDP per capita. US dollars 

Proportion of seats held by 
women in national 
parliaments. 

𝑝𝑒𝑟𝑙𝑤𝑜𝑚𝑒𝑛 Quotient of the total number of seats 
occupied by women divided by the total 
number of seats in parliament. 

Percentage 

Domestic credit to the 
private sector. 

𝑑𝑜𝑚𝑐𝑟𝑒𝑑 Quotient of the total value of domestic 
credit divided by the country’s GDP. 

Percentage 

Percentage of Rural 
populations with access to 
electricity. 

𝑟𝑢𝑟𝑎𝑙𝑒𝑙𝑒𝑐𝑡𝑟𝑝𝑒𝑟 A quotient of the number of rural 
households with electricity divided by 
the total number of rural households. 

Percentage 

Inflation 𝑖𝑛𝑓𝑙𝑎𝑡𝑖𝑜𝑛 Percentage change in the Consumer 
Price Index (CPI) over a period of one 
year, measured via the Laspeyres 
formula. 

Index 

 
The missing data were determined to be missing at random and thus the multiple 

imputation regression technique was used to create missing values, this technique was used due to 
its ability to preserve correlations between variables by using observed data to forecast missing 
values, it conform with maximum likelihood estimate techniques and manage several forms of 
missing data patterns (Si et al., 2023; Young & Johnson, 2015; Yu et al., 2020). The one-step 
Generalised Method of Moments estimator and Generalised Structural Equation Modelling 
(GSEM) were employed to obtain reliable empirical results and address endogeneity in panel data. 
These techniques were selected for their proven ability to handle endogeneity and multilevel panel 
data analysis (Carrasco & Nayihouba, 2024; Joo et al., 2022). For the purpose of direct and indirect 
estimation effects, the GSEM framework presented in Figure 1 was used. This framework sought 
to determine whether it is women in parliament that indirectly influence GDP per capita through 
domestic credit, or domestic Credit that indirectly influences GDP per capita through women in 
parliament. 
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Figure 1. Generalised Structural Equation Model pathways 

 

Results and Discussion 

Descriptive statistics of all variables used in this study are presented in Table 2. These statistics 
provide an initial overview of the data distribution, including the mean, standard deviation, 
minimum, and maximum. This result indicates the characteristics and variations of the data before 
further empirical analysis is carried out. 
 

Table 2. Descriptive statistics 

Variable  Obs  Mean  Std. Dev.  Min  Max 

 GDPpercapita 393 3053.56 3481.37 187.86 16851.12 
 perlwomen 393 20.19 11.92 0.00 46.75 
 domcred 393 28.37 31.39 1.10 142.42 
 ruralelectrper 393 30.93 34.30 0.00 100.00 
 inflation 393 13.96 41.78 -72.00 557.20 

 
From Table 2, it can be observed that the average inflation rate in SADC during the period 

of the study was approximately 14%, with a standard deviation of 41.776, indicating a large 
variation in inflation rates across periods. Such a huge variation is a result of certain countries 
observing an abnormal rate of inflation, such as Zimbabwe. The summary also indicates that some 
countries experienced a period of deflation, with the lowest inflation rate of -72%. This rate of 
deflation can be as problematic as high inflation, since it signals economic contraction or 
depression in certain countries at certain times. The average proportion of women in parliament 
was roughly 20.2% across regions, with some countries reaching an astounding ratio of almost 47% 
of legislators being women, while others, during certain periods, had no female members of 
parliament at all. The standard deviation of 11.19 indicates significant variation in the proportion 
of women in parliament across SADC member states. Domestic credit to the private sector roughly 
stood at an average value of 28.4% of GDP; the high standard deviation of 31.393 indicates notable 
variations throughout the nations in the SADC countries.  

The minimum value of 1.09 and the maximum value of 142 further signify the impeccable 
range of variations of the percentage of GDP issued to the private sector in the form of credit. 
This could be a result of an extreme financial event such as the 2007 – 2008 financial crisis. The 
percentage of the rural population with access to electricity stood at an average value of 31%; 
nevertheless, there is a significant variation, as indicated by the wide standard deviation of 34.299. 
It can clearly be seen from the minimum and maximum values that, at certain periods, some 
countries' rural populations had no access to electricity at all, while some achieved a 100% electricity 
access rate for their entire rural populations, resulting in a large variation. GDP per capita had an 
average of 3,053.56 US dollars and a standard deviation of 3,481.369 US dollars. As this value is 
used as a proxy for economic prosperity, it indicates a significant level of economic inequality 
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amongst the SADC member states. The GDP per capita ranged from 187.857 US dollars to a high 
value of 16,851.12 US dollars. The notable variations in GDP per capita, proportion of women in 
parliament, domestic credit to the private sector, inflation rates and rural electrification 
demonstrate the considerable economic and social heterogeneity throughout the SADC area. 

 
Table 3. Variance Inflation Factor (VIF) 

   VIF  1/VIF 

 domcred 1.87 0.54 
 ruralelectrper 1.69 0.59 
 perlwomen 1.35 0.74 
 inflation 1.03 0.97 
 Mean VIF 1.49  

 
Table 3 presents the outcome of the variance inflation factor test, which showed tolerable 

and acceptable value ranges for multicollinearity. Multicollinearity can lead to unstable and inflated 
coefficients, making it difficult to identify the true effect of each predictor (Shrestha, 2020). Low 
VIF values indicate a more consistent model with more reliable coefficient estimates. The highest 
VIF value of 1.8 is below the problematic threshold. The mean VIF of 1.485 indicates very low, 
tolerable levels of multicollinearity among the independent variables. 

 
Table 4. Generalised Method of Moment Estimation Results 

 Dependent Variable: GDPpercapita 

  (1)  (2)  (3)  (4)  (5) 

L.GDPpercapita 0.98*** 0.92*** 0.67*** 0.64*** 0.66*** 
 (0.01) (0.03) (0.05) (0.07) (0.06) 
perlwomen -0.90 44.17* 51.29** 46.10** 18.79 
 (5.70) (23.50) (21.48) (22.58) (22.72) 
domcred 2.32 14.13*** 16.04 10.79 -17.60*** 
 (2.69) (14.13) (20.22) (17.38) (5.79) 
perlwomen x domcred  -1.19*** -0.87*  -0.74*  
  (0.40) (0.50) (0.44)  
ruralelectrper   49.24***  52.34*** 55.53*** 
   (7.55) (8.55) (8.62) 
inflation    -11.81 -15.55 
    (15.10) (19.35) 

Observations 174 174 174 174 174 
Hansen J P-value 0.94  0.86  0.92  0.85 0.87  
AR(2) 0.34 0.27 0.12 0.11 0.12 

Robust standard errors in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% levels, 
respectively. 

 
Table 4 presents the results of the GMM analysis. The Second-order autocorrelation test 

and the Hansen J-test verify the legitimacy of the instruments used. Due to the small sample size 
and to avoid model overfitting, the one-step GMM was opted. The outcome of the GMM model 
(4) with the interaction term and with all control variables indicated that the percentage of women 
in parliament had a positive effect on the GDP per capita. Each percentage increase in women in 
parliament resulted in a 46.10 USD increase in GDP per capita; these results were similar to those 
of (Baskaran et al., 2024; Mirziyoyeva & Salahodjaev, 2023) and contradicted those of (Altuzarra et 
al., 2021). The results also showed that in the absence of an interaction term, the level of domestic 
credit has a negative effect on GDP per capita; a percentage increase in the domestic credit led to 
a reduction of 17.60 USD in per capita GDP. These results are similar to those of (Cecchetti & 
Kharroubi, 2019) and contradict those of (Murari, 2017).  

These results are fascinating, and they reveal how inclusive governance can transform 
financial development into economic growth. When examined independently, domestic credit 
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seems to impact GDP per capita negatively, which could be the result of misallocation of resources, 
inadequate institutions, and restricted absorptive ability that hinder the productive utilisation of 
credit (Altuzarra et al., 2021). However, when women's representation in parliament is incorporated 
as an interaction term, the impact of domestic credit transitions from negative to positive, 
highlighting the influence of female legislators in enhancing governance, mitigating corruption, and 
promoting policies that allocate financial resources to education, health, and family welfare 
(Mirziyoyeva & Salahodjaev, 2023). From the results, it is plausible to argue that women's political 
participation of women increases credit productivity and transforms hindrances to growth into 
catalysts for progress. These findings align with gender and development theory, which emphasises 
that gender inequality hinders economic advancement and that the empowerment of women in 
decision-making bodies enhances resource distribution and sustainable development results (Silva 
& Klasen, 2021).  

The influence of women in parliament on GDP per capita is rendered insignificant in the 
absence of the interaction term, suggesting that the predominance of female lawmakers alone is 
not a necessary condition for economic growth (Dahlum et al., 2022; Khorsheed, 2020). The 
presence of women in parliament must be coupled with financial inclusion to yield growth (Wani 
et al., 2024). Augmenting domestic credit increases the financial resources available to women, 
enabling them to allocate these funds towards productive endeavours that elevate production and 
GDP per capita. An increased proportion of women in parliament indicates a policy landscape that 
is likely to be inclusive and conducive to women's financial access. The mitigation of the adverse 
impact of domestic credit through the interaction term further emphasises that the interdependent 
relationship between women and credit ultimately ensures that financial resources are utilised 
productively, benefiting the whole economy.  

However, on closer inspection, these results also suggest a diminishing symbiotic effect of 
women in parliament on domestic credit, as indicated by the negative coefficient of the interaction 
term. To our knowledge, this is the first evidence that the interaction between women’s 
parliamentary representation and domestic credit exhibits a diminishing symbiotic effect. This 
observation is in line with the theory of diminishing returns. In this case, we argue that a 
combination of women in parliament and domestic credit will positively affect GDP per capita up 
to a certain level, after which their unitary contribution to per Capita GDP will begin to decline, as 
the negative interaction term offsets the marginal gains from their joint increase. This suggests that 
there should be an optimum level and balance of the combination of women in parliament and 
domestic credit. The joint growth of the two items beyond a certain threshold will yield a smaller 
and even negative contribution to GDP per capita. 

The results of the GMM table also show that the effect of women in parliament is 
significant when the control variables are included, indicating that for female legislators to have 
any impact on GDP per capita, the existence of favourable economic conditions and suitable 
infrastructure is necessary. Similar results have been observed by various authors (Khorsheed, 
2020; Mirziyoyeva & Salahodjaev, 2023). Domestic credit is significant and has a positive effect in 
the model without controls, but with an interaction term, suggesting that domestic credit can be 
adequately used by women, ceteris paribus, and hence stimulate the effect on a country's economic 
prosperity. Enhanced credit and women's empowerment are crucial for enhanced per capita GDP. 
Rural electrification positively affects GDP per capita across all models in which it appears, and 
the presence of an interaction term between women in parliament and domestic credit enhances 
the effect of rural electrification on the model containing only control variables. Greater 
representation of women in parliament strengthens the legitimacy of gender-responsive 
policymaking, ultimately leading to more effective gender-focused interventions in the presence of 
robust infrastructure, such as rural electrification (Amuakwa-Mensah & Surry, 2022). 

The results of the Generalised Structural Modelling are presented in Table 5. The GSEM 
results indicate that women in parliament have a positive direct effect on GDP per capita, whereas 
the level of domestic credit has no significant direct effect. In the GSEM model without the 
interaction term, a percentage increase of women's representation in parliament contributed to an 
increase of 38.09 USD increase in per capita GDP. The presence of the interaction term enhances 
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the effect of women in parliament by raising their contribution towards per capita GDP from 38.09 
to 53.82 USD. These outcomes are similar to those of one-step GMM, indicating robustness. The 
effect of the interaction term is negative and significant, albeit small, with every unit increase in the 
interaction term leading to a reduction of -0.54 USD in GDP per capita. These results are also 
consistent with the results of one-step GMM. Similar arguments, as presented above when 
discussing the alignment of one-step GMM results with the theories used in this model, continue 
to hold for the GSEM model. Credit availability enables women to leverage their role in the labour 
force by utilising capital for entrepreneurship, business expansion, and productivity gains, thereby 
amplifying their overall contribution to the economy (Balasubramanian & Kuppusamy, 2020).  

 
Table 5. Generalised Structural Equation Modelling Estimation Results 

 I II 

Direct effect 
 

 

Perlwomen 38.090*** 53.833*** 

 (11.092) (11.812) 
Domcred -1.175 15.741 

 (5.892) ( 10.948 ) 
Ruralelectrper 79.133*** 77.404*** 

 (6.558) ( 6.669) 
Inflation -1.148 -0.974 

 (2.191) ( 2.347 ) 
perlwomen x domcred  -0.548** 

  (0.253 ) 

Indirect effects   
perlwomen  0.788 11.255* 
Pathway : perlwomen → domcred → per capita GDP (3.292) ( 6.704) 
Domcred 2.539*** 4.440*** 
Pathway : domcred → perlwomen → per capita GDP (0.823) (1.611) 

Notes: Robust standard errors in parentheses. ***, **, and * denote significance at the 1%, 5%, and 10% 
levels, respectively. 

 
The GSEM findings demonstrate the indirect mechanism by which domestic credit fosters 

economic growth in conjunction with women's parliamentary representation. In the baseline 
model, devoid of the interaction term, domestic credit demonstrated a robust positive indirect 
effect on GDP per capita: each 1 percentage point increase in credit availability was associated with 
a USD 2.54 increase in per capita GDP, whereas the independent indirect effect of women in 
parliament was negligible. Upon the introduction of the interaction term, the indirect effect of 
credit increased to USD 4.40, signifying that the efficacy of credit in enhancing GDP is augmented 
in environments where women hold parliamentary positions. The presence of women in parliament 
facilitates the conversion of credit availability into economic growth. These findings emphasise that 
credit availability is essential for prosperity, but its effect is much enhanced when women are 
empowered to shape decisions.  

These findings are novel, as they shift the focus from the well-studied direct benefits of 
women's parliamentary representation or domestic credit on growth to their indirect and 
interaction effects. Even though Global evidence suggests that women's political empowerment 
can improve economic outcomes when combined with enabling factors, many of them focus on 
enablers such as civil liberties, civil society participation, and institutional quality (Al-Qahtani et al., 
2020; Dahlum et al., 2022). Studies on how credit availability amplifies the effect of women's 
representation on growth are scarce, especially in Sub-Saharan Africa. Previous research in the 
region has examined the influence of women's representation and the availability of domestic credit 
on economic growth, without assessing whether institutional representation is the factor that 
enables the efficient transfer of credit into economic prosperity (Altuzarra et al., 2021; Jemiluyi & 
Yinusa, 2021; Mba Fokwa, 2025). Our findings reveal an underexplored mechanism whereby credit 
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availability and women's legislative presence boost growth, offering a new perspective on how 
gender and finance shape development trajectories in Sub-Saharan Africa. 

 

Conclusion 

Women and credit will forever remain an essential component of the prosperity of any society. 
SADC countries should strive to gain all the possible benefits from the combination of these 
variables. There is potential to uncover new avenues for utilising women and credit to enhance 
economic prosperity by providing women with access to credit and promoting their inclusion in 
the political arena, which affects the economies of those countries. It is essential to note that the 
utilisation of both factors should be undertaken with a sound understanding of the decreasing 
returns and potential economic imbalances that may result from the interaction of the said 
elements. There is a need to ensure that the combined path taken brings economic success to the 
region in a way that is both sustainable and inclusive. The approach should be well-balanced and 
tailored to the specific circumstances of the nation. 

The aftermath of the findings of this study can be quite handy for policymakers in the 
SADC region and beyond. The study has demonstrated that improving women's representation in 
parliament is a key step toward fully exploiting their economic potential. It has also demonstrated 
that their economic potential can be leveraged through domestic credit, thereby enhancing their 
effect on per capita GDP. On the other hand, it also highlights the need for policymakers to be 
cognizant of the decreasing returns associated with these factors. A well-rounded strategy should 
be employed amongst SADC countries that takes into account and carefully controls the interplay 
between the level of domestic credit and women's representation in parliament. The strategies to 
be employed must be context-specific, since the exact combination and scale of factors may vary 
depending on the economic and social conditions prevailing in each country in the SADC region. 
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Abstract 

Purpose — This paper examines the relationship between South 
Africa’s rising public debt and real exchange rate (RER) volatility. Over 
the past two decades, the country has experienced an alarming increase 
in external and domestic debt levels, accompanied by episodes of 
exchange rate instability and deteriorating economic performance.  

Method — Using annual data from 2000 to 2024, we estimate an ARDL 
model to assess the nexus between debt and exchange rate volatility.  

Findings — The results suggest that public debt is a significant driver 
of exchange rate volatility and rand depreciation. However, interest rates, 
inflation, and trade openness are key factors responsible for significant 
fluctuations in the exchange rate in South Africa. Similar results are 
obtained in both the short-run and long-run estimation. 

Implications — The paper recommends firm government controls 
designed to prevent sharp capital movements (inflows or outflows) that 
could destabilise the rand. This can be achieved by maintaining a 
favourable trade balance, targeting inflation, and adjusting monetary 
policy. Secondly, the government can diversify the composition of its 
debt currency. This helps reduce volatility in debt-servicing payments 
and further stabilises government budgets and fiscal planning. 

Originality — There is little empirical literature on the direct 
relationship between public debt and real exchange rate volatility in 
South Africa. This study aims to fill the gap by providing a novel 
empirical assessment of the long- and short-run dynamics between rising 
public debt and real exchange rate volatility.  

Keywords — Public Debt, Real Exchange Rate Volatility, South Africa, 
Economic Growth, ARDL Model 

 

Introduction 

Despite its evident signs of resistance, South Africa has faced a deteriorating macroeconomic 
situation over the past decade. From the persistent accumulation of debt stock level, widening 
deficit and exchange rate volatility. Between 2008 and 2023, public debt increased from 
approximately 27% to over 70% of GDP, while debt-servicing costs grew as a share of total 
government liabilities. The country’s domestic currency, the rand, is amongst the world’s most 
volatile currencies, frequently responding to global risk sentiment, commodity price shocks, and 
domestic fiscal dynamics. 
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Public debt refers to a government's overall debt to domestic and international creditors, 
including residents, foreign governments, and domestic and foreign financial institutions (Usman, 
2025). On the other hand, the real exchange rate is the relative value of a nation's goods and services 
compared to those in foreign markets (Mbali, 2021). Dynamics in public debt can destabilise the 
value of a domestic currency, thereby increasing the cost of servicing debt (IMF, 2025). 
Governments with a high public debt burden face greater uncertainty, lower investor confidence, 
and higher borrowing costs (Koçak, 2025). These variations increase import costs, contribute to 
inflationary pressures, reduce the competitiveness of domestic firms involved in global trade, and 
erode purchasing power (Khomo & Aziakpono, 2020). Although many factors drive exchange rate 
volatility in South Africa, the role of public debt as a single driver has received less attention. 
Empirical evidence suggests that fiscal stress increases sovereign risk premia and triggers exchange-
rate instability (Manguzvane & Biyase, 2023). Yet a comprehensive analysis explicitly focusing on 
the South African case remains limited. 

Rising public debt in developing countries has significant implications for macroeconomic 
stability. A study by Olaoye et al. (2022) shows that high debt accumulation tends to suppress 
economic growth and worsen macroeconomic stability, especially when it exceeds optimal levels. 
These impacts are further complicated when linked to exchange rate dynamics, as demonstrated 
by Kuranga et al. (2025). He found a two-way relationship between public debt and the exchange 
rate. Exchange rate depreciation increases the debt burden, while increased debt can depress the 
exchange rate by increasing economic uncertainty. 

Moreover, as public debt increases, interest rates rise, leading to capital inflows that 
contribute to real exchange rate appreciation. These findings are confirmed in empirical literature. 
Specifically, Sang et al. (2025) demonstrate that fiscal expansions financed by debt lead to an 
appreciation of the real exchange rate. This case applies to both advanced and emerging markets. 
Similarly, Donnat, (2025) demonstrates that higher public debt increases domestic interest rates, 
attracting capital inflows, which, in turn, leads to real exchange rate appreciation. Nyoro and 
Njaramba (2025) further demonstrate that high public debt is associated with real exchange rate 
depreciation and volatility. Ormaechea (2020) demonstrates that public debt, predominantly 
denominated in foreign currency, leads to exchange-rate depreciation, particularly in emerging 
markets. These studies hint at a negative relationship between public debt and the real exchange 
rate, an important aspect for South Africa, which is characterised by high public debt that has since 
been exacerbated by loans from the IMF and the World Bank.  

A larger pool of empirical evidence suggests that macroeconomic variables have a significant 
impact on the real exchange rate (David, 2024). Changes in macroeconomic factors such as GDP, 
interest rates, inflation, external debt, and the balance of trade are major causes of exchange rate 
fluctuations (Ghauri et al., 2024). On the contrary, Armah et al. (2023) show that interest rates and 
inflation are unrelated to exchange rates. However, disaggregated studies targeting individual 
variables yielded mixed outcomes. For example, Özen et al. (2020) found that inflation and interest 
rates have a significant impact on exchange rates in both developed and emerging economies. 
Fluctuations in exchange rates and inflation substantially affect economic growth in the Southern 
African Development Community (SADC), particularly given the region's historical connections and 
economic clustering. Empirical literature demonstrates that exchange rate volatility and inflation are 
inversely correlated with economic growth. Olamide et al. (2022) demonstrate that exchange rate 
volatility worsens the inflation growth relationship in SADC economies. Patel and Mah (2018) and 
Rapetti (2020) found that real exchange rate appreciation is negatively and significantly associated 
with exports and economic growth in the long run. In contrast, money supply and foreign direct 
investment exert a positive and significant influence on the real exchange rate.  

Exchange rate fluctuations continue to pose a serious threat to economic growth, as 
ongoing instability undermines competitiveness and complicates trade-related policy decisions 
(David, 2024). Whilst international trade is found to negatively affect the exchange rate by empirical 
results (Yussif et al., 2022), suggesting that greater trade exposure may increase currency volatility, 
a positive correlation is also found. For example, Moloi (2023) and Mehtiyev et al. (2021) show 
that, in certain situations, exchange rate volatility can promote trade by creating profit opportunities 
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for both importers and exporters. Nicita (2013) found that fluctuations in exchange rates generally 
have little impact on international trade flows, with the notable exception of situations involving 
currency unions or fixed exchange rate systems, where volatility can play a more significant role. 

This study contributes to the literature by estimating the impact of public debt on real 
exchange rate volatility in South Africa using the ARDL model. South Africa offers an excellent 
case study due to direct participation in global capital markets, relatively high levels of external 
debt, and well-developed financial markets (Mbaleki, 2024). Although the relationship between 
public debt and real exchange rate volatility has attracted significant global attention, empirical 
evidence from developing economies, such as South Africa, remains relatively limited. Motivated 
by these gaps, this study examines the relationship between public debt dynamics and real exchange 
rate volatility in South Africa, utilising time-series data spanning from 2000 to 2024. The data is 
obtained from the South African Reserve Bank (SARB) online statistical query and the World Bank. 
The study also controls for macroeconomic variables, namely: inflation, real interest rates, foreign 
direct investment (FDI), and the trade balance.  

 

Methods  

Empirical Framework 

Nuru and Gereziher (2021) examined how innovations in public expenditure affect the volatility 
of the real exchange rate in South Africa, utilising a vector autoregressive impulse response model. 
The baseline Linear Programming model can be defined in the following manner:  

𝑥𝑡+ℎ = 𝛼ℎ + 𝜑ℎ(𝐿)𝑦𝑡−1 + 𝛽ℎ 𝑖𝑛𝑛𝑜𝑣𝑎𝑡𝑖𝑜𝑛𝑡 + 𝑙𝑖𝑛𝑒𝑎𝑟 𝑡𝑟𝑒𝑛𝑑 + 𝜀𝑡+ℎ (1) 

In this framework, x denotes government expenditure and exchange rate variations. Y 
encompasses the lagged values of government spending, exchange rate instability, real GDP, and 
public income. The expression φh(L) represents a polynomial in the lag operator, with the intercept 
βh reflecting the response of x at time t + h. The model incorporates a stationary (αh). We calibrate 
from this model by including public debt and controlling for macroeconomic variables such that:  

𝑅𝐸𝑅𝑡 = 𝛽0 + 𝛽1𝑃𝐷𝑡 + 𝛽2𝐼𝑁𝐹𝑡 + 𝛽3𝑅𝐼𝑁𝑇𝑅𝑡 + 𝛽4𝐸𝑋𝑃𝑡 + 𝛽5𝐼𝑀𝑃𝑡 + 𝛽6𝐹𝐷𝐼𝑡 + 𝜀𝑡  (2) 

Where 𝑅𝐸𝑅𝑡 denotes the real exchange rate in time t, based on the real effective exchange 

rate adjusted for trade weights. 𝛽1 to 𝛽6 Represents coefficients of the independent variables. 

𝐼𝑁𝐹𝑡 Signifies inflation, measured by the yearly variation in the consumer price index. 𝑅𝐼𝑁𝑇𝑅𝑡  

Indicates real interest rates represented as a percentage of investment. 𝐸𝑋𝑃𝑡corresponds to exports 

as a share of GDP, 𝐼𝑀𝑃𝑡 While it reflects imports. 𝐹𝐷𝐼𝑡 Represents Foreign Direct Investment 

based on net inflows (% of GDP). 𝜀𝑡 Encompasses all other factors influencing real exchange rate 
volatility that are not accounted for in the equation. 

The study employs the ARDL approach to investigate the impact of public debt on real 
exchange rate volatility in the South African context. The chosen approach is more efficient since 
it captures both I(0) and I(1) variables, presents both long-run and short-run elasticities. 
Furthermore, ADRL corrects endogeneity and autocorrelation simultaneously, as stated by Pesaran 
et al. (2001). The specified ARDL model is as follows: 

𝑅𝐸𝑅𝑡 = α0 + ∑ ψ𝑖𝑅𝐸𝑅𝑡−𝑖
𝑝
𝑖=1 + ∑ β1,𝑖𝑃𝐷𝑡−𝑖

𝑞1
𝑖=0 + ∑ β2,𝑖𝐼𝑁𝐹𝑡−𝑖

𝑞2
𝑖=0 + ∑ β3,𝑖𝑅𝐼𝑁𝑇𝑅𝑡−𝑖

𝑞3
𝑖=0 +

∑ β4,𝑖𝐸𝑋𝑃𝑡−𝑖
𝑞4
𝑖=0 + ∑ β5,𝑖𝐼𝑀𝑃𝑡−𝑖

𝑞5
𝑖=0 + ∑ β6,𝑖𝐹𝐷𝐼𝑡−𝑖

𝑞6
𝑖=0 + ϵ𝑡 (3)  

Where 𝑝 , represents the ideal count of lags for RER, 𝑞1 to 𝑞6 represent the ideal lags for 

every independent variable. α0: The constant component. ψ𝑖: The short-term coefficients for the 

lagged dependent variable (RER). β1,𝑖 to β6,𝑖: The short-term coefficients for both current and 

lagged independent variables. ϵ𝑡: The residual term. 
This study conducts a cointegration analysis using the ARDL Bounds test to examine the 

long-term relationship among the variables (Pesaran et al., 2001). The test relies on the F-statistic. 
In this examination, the null hypothesis of no cointegration is rejected if the calculated F-statistic 
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exceeds the upper-bound critical value, suggesting a long-term relationship between the variables. 
Conversely, the null hypothesis is not rejected if the F-statistic is below the lower bound critical 
value, which indicates that there is no long-term connection between the variables. If the F-statistic 
falls between the lower and upper critical values, the test fails to yield a clear result and requires 
additional analysis to assess cointegration. Once the cointegration is identified, an Error Correction 
Model (ECM) is presented to show the speed at which the system reverts to equilibrium. The re-
specified Error Correction Model (ECM) format of this ARDL model: 

Δ𝑅𝐸𝑅𝑡 = α0 + ∑ ψ𝑖
∗Δ𝑅𝐸𝑅𝑡−𝑖

𝑝−1
𝑖=1 + ∑ β1,𝑖

∗ Δ𝑃𝐷𝑡−𝑖
𝑞1−1
𝑖=0 + ∑ β2,𝑖

∗ Δ𝐼𝑁𝐹𝑡−𝑖
𝑞2−1
𝑖=0 +

∑ β3,𝑖
∗ Δ𝑅𝐼𝑁𝑇𝑅𝑡−𝑖

𝑞3−1
𝑖=0 + ∑ β4,𝑖

∗ Δ𝐸𝑋𝑃𝑡−𝑖
𝑞4−1
𝑖=0 + ∑ β5,𝑖

∗ Δ𝐼𝑀𝑃𝑡−𝑖
𝑞5−1
𝑖=0 +

∑ β6,𝑖
∗ Δ𝐹𝐷𝐼𝑡−𝑖

𝑞6−1
𝑖=0 + λ𝐸𝐶𝑇𝑡−1 + ϵ𝑡 (4)  

Where Δ𝑅𝐸𝑅𝑡: The short-run changes in the real exchange rate. Δ𝑃𝐷𝑡−𝑖 to Δ𝐹𝐷𝐼𝑡−𝑖The 

first-differenced independent variables represent their short-run changes. 𝐸𝐶𝑇𝑡−1: The error 

correction term is the lagged residual from the long-run cointegrating regression. λ: The coefficient 

of the error correction term. ψ𝑖 
∗ and β1,𝑖

∗  to β6,𝑖
∗ : Short-run coefficients on the first-differenced 

variables.  
The long-run relationship is embedded in the ARDL model and can be recovered by 

solving for the dependent variable ( 𝑅𝐸𝑅𝑡) when all variables are at their steady-state (or long-run) 
values. The long-run coefficients are the ratio of the cumulative coefficients of the independent 
variables to the cumulative coefficient of the lagged dependent variable. 

 
 

 𝑅𝐸𝑅𝑡 = α0
∗∗ + β

1 

∗∗
𝑃𝐷𝑡 + β2,

∗∗𝐼𝑁𝐹𝑡 + β3,
∗∗𝑅𝐼𝑁𝑇𝑅𝑡 + β4

∗∗𝐸𝑋𝑃𝑡 + β5
∗∗𝐼𝑀𝑃𝑡 + β6

∗∗𝐹𝐷𝐼𝑡  ϵ𝑡  (5) 

The long-run coefficient for the 𝑗-th independent variable. α0
∗∗: The long-run intercept. ϵ𝑡: The 

long-run error term.  
The estimation process for the ARDL model involves a series of steps, including testing 

for stationarity and establishing a long-run association using the bounds test. The process also 
involves running the long- and short-run regressions, as well as diagnostic tests and model stability 
checks. To test for stationarity, both informal and formal unit root tests are used.  

 
Data Sources 

The study uses time-series data from 2000 to 2024. The data has been obtained from the South 
African Reserve Bank (SARB) and the World Bank online database. The summary of the variables 
is presented in Table 1. This research examines the impact of public debt on real exchange rates in 
South Africa, with the real interest rate as the dependent variable and public debt as an explanatory 
variable, alongside inflation, real interest rates, foreign direct investment, exports, and imports.  
 

Table 1. Variable description 

Variable Symbol Source 

Public debt 𝑃𝐷𝑇 SARB 

Real exchange rate 𝑅𝐸𝑅𝑇 World Bank 

Real interest rate 𝑅𝐼𝑁𝑇𝑅𝑇 World Bank 

Inflation 𝐼𝑁𝐹𝑇 World Bank 

Foreign direct investment 𝐹𝐷𝐼𝑇 World Bank 

Imports 𝐼𝑀𝑃𝑇 Word Bank 

Exports 𝐸𝑋𝑃𝑇 World Bank 

 
Firstly, unit root tests for stationarity and integration are conducted using graphical analysis, 

and formal unit root tests are utilised to evaluate the stationarity of the model variables by applying 
the Augmented Dickey-Fuller and Phillips-Perron tests to assess whether a sequence of data over 
time series exhibits stationarity or non-stationarity. Secondly, the study determined the suitable lag 
length using the Schwarz Criterion (SC). The SC is a commonly employed standard for selecting 
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lag length in econometric models, derived from the Bayesian information criterion (BIC). The 
ARDL bound test for cointegration is presented and scrutinised. Thirdly, after identifying the 
cointegration, an error correction model is presented. Both short-run and long-run estimates are 
interpreted. Lastly, diagnostic checks are utilised to check the model’s stability.  

This study conducted various tests to assess the model's reliability, including the Jarque-
Bera test for normality of residuals, White’s test, the ARCH test for heteroskedasticity, and the 
Breusch-Godfrey test for autocorrelation. The CUSUM and CUSUM Q tests are utilised to 
evaluate the stability and specification of the model. 

 

Results and discussion 

Table 2. Correlation matrix 

 RERT PDT INFT RINTRT FDIT EXPT IMPT 

RERT 1.000       
PDT -0.700 1.000      

INFT -0.433 -0.089 1.000     

RINTRT 0.152 -0.060 -0.012 1.000    

FDIT -0.133 0.171 0.150 -0.381 1.000   

EXPT -0.750 0.625 0.519 -0.034 0.287 1.000  

IMPT -0.516 0.245 0.438 0.111 -0.056 0.787 1.000 

 
The study utilises a correlation matrix to assess the relationships among variables, with the 

findings presented in Table 2. The results reveal that public debt, foreign direct investment, exports, 
and imports are negatively correlated with real exchange rates. In contrast, inflation and real interest 
rates are positively correlated with real exchange rates. 

The summary statistics for each variable used in the study are presented in Table 3 below. 
This table provides insights into normality, measures of dispersion, central tendency, and other 
relevant findings. 
 

Table 3. Descriptive Statistics 

 RERT PDT RINTRT INFT FDIT EXPT IMPT 

Mean 85.317 43.868 4.381 5.244 1.714 27.732 26.910 
Median 80.826 38.045 4.546 5.338 1.064 27.575 26.938 

Maximum 104.604 76.355 8.047 9.909 9.660 33.371 33.719 

Minimum 69.832 24.044 0.472 -0.692 0.205 22.757 21.808 

Std.Dev 11.496 16.444 1.727 2.146 1.998 2.834 3.362 

Skewness 0.340 0.732 0.144 -0.281 2.851 0.349 0.222 

Kurtosis 1.679 2.252 2.991 4.526 11.409 2.560 2.106 

Jarque-Bera 2.299 2.819 0.086 2.759 107.558 0.711 1.039 

Probability 0.316 0.244 0.957 0.251 0.000 0.701 0.594 

Sum sq.Dev. 3171.949 6490.244 71.641 110.568 95.841 192.801 271.394 

Observations 25 25 25 25 25 25 25 

 
Table 4. Unit root test 

Test ADF PP Order of integration 

Variable Level First difference Level First difference ADF & PP 

RERT 0.296 0.001 0.241 0.001 I(1) 
PDT 0.999 0.038 0.996 0.043 I(1) 

RINTR 0.058 0.004 0.092 0.000 I(0) 

INF 0.719 0.000 0.330 0.000 I(1) 

FDIT 0.001 0.000 0.001 0.000 I(0) 

EXPT 0.214 0.000 0.214 0.000 I(1) 

MPT 0.065 0.001 0.092 0.000 I(1) 
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Table 4 provides an overview of the Augmented Dickey-Fuller (ADF) and Phillips-Perron 
(PP) tests conducted at the level and after differencing. The results indicate that foreign direct 
investment is stationary in levels. In contrast, all other independent variables included in this study 
become stationary after first differencing. This study has a mixed order of integration, which 
includes I(0) and I(1) variables, enabling the use of an ARDL model. 

Once the order of integration is identified through the unit root test, this research chooses 
the maximum lag of 1 based on the Schwarz Criterion (SC). Commonly referred to as the Bayesian 
Information Criterion (BIC), it favours simpler models, which are essential for minimising over-
parameterisation and improving the efficiency of estimates in limited samples. The ARDL model 
analyses the long- and short-run relationships between public debt and real exchange rates in South 
Africa, and an ARDL bound test is utilised to detect cointegration.  

 
Table 5. Lag length selection 

Lag  LogL LR FPE AIC SC HQ 

0  -401.093 N/A 1387446. 34.007 34.351 34.098 
1    -300.931 133.548* 23494.73* 29.744* 32.493* 30.473* 

 
The research selects the Schwarz Criterion (SC) to determine lag, demonstrating that lag 1 

is the best choice. The SC is a commonly employed standard for selecting lag length in econometric 
models, derived from the Bayesian information criterion (BIC). This is especially beneficial for 
analysing economic time series, as extended lags can lead to overfitting and subpar performance 
on out-of-sample data (Kilian & Lütkepohl, 2017; Lütkepohl & Schlaak, 2019). 

  
Table 6. Bounds test for Co-integration 

T statistic Value K 

F Statistic  12.118 6 

Critical value bounds (Actual sample size = 24) 

Significance I(0) Bound I(1) Bound 
10% 2.12 3.23 
5% 2.45 3.61 

2.5% 2.75 3.99 
1% 3.15 4.43 

 
Table 6 shows that the computed F-statistic (12.118) exceeds the upper critical threshold, 

indicating the presence of long-run cointegration among the variables. Therefore, the null 
hypothesis of no cointegration is rejected. This aligns with research by (Georgescu et al., 2024), 
which similarly identified evidence of co-integration among macroeconomic variables.  

 
Table 7: Results from the long-run estimation 

Dependent Variable: Real exchange rates 

Variable  Coefficient Standard errors t-statistic p-value 

PDT -1.478 0.374 -3.943 0.001 
RINTRT -3.032 1.574 -1.925 0.074 
INFT -8.793 2.383 -3.689 0.002 
FDIT -0.057 0.949 -0.060 0.952 
LEXPT 9.934 3.886 2.556 0.022 
IMPT -4.866 1.835 -2.652 0.018 

 
Table 7 presents empirical results of the long-term relationship between public debt 

(PDT), real interest rate (RINTRT), inflation (INFT), foreign direct investment (FDIT), exports 
(EXPT), imports (IMPT), and the real exchange rate in South Africa. The results show that an 
increase in public debt results in a negative exchange rate in the long run. Essentially, a 1% increase 
in public debt leads to a -1.47 Rand depreciation. The results are statistically significant. The 
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channel through which this relationship operates is currency depreciation and capital flows. Debt 
sustainability theories suggest that as debt increases, the country is at greater risk; as a result, 
investors are likely to channel their investments elsewhere in fear of default and inflationary 
financing. Therefore, as investors lose confidence in a specific economy, the currency depreciates. 
On the other hand, capital outflow increases volatility. This is supported by Nyoro and Njaramba 
(2025). Specifically, they find that elevated public debt levels can lead to a decline in a nation’s 
currency's value.  

Additionally, an increase in inflation (INFT) results in depreciation of the domestic 
currency. Specifically, a 1% increase in inflation results in a -3.0 depreciation in the rand. These 
results are statistically significant. This is supported by basic macroeconomic expectations in which 
rising inflation is poised to erode the rand's purchasing power, leading to its depreciation 
(Magubane, 2025). Another mechanism by which this relationship operates is through higher 
import costs, diminished investor trust, and slower economic growth.  

The results show a negative, statistically significant relationship between imports and the 
exchange rate, whereas exports are positively related to it. A rise in imports leads to currency 
depreciation. Rising imports may lead to rand depreciation due to heightened demand for foreign 
currencies (Matlasedi, 2017). Conversely, an increase in exports results in an appreciation in 
domestic currency. This is due to increased demand for the rand in the foreign exchange market 
and, subsequently, to an improvement in the current account balance. Higher demand for the rand 
from increased exports can boost the currency (Ganelli & Rankin, 2020). Improvements in exports 
attract foreign investors, increase capital inflows, and strengthen the rand. It is clear, therefore, that 
Trade openness is one of the major drivers of the exchange rate fluctuations. Stronger exports 
relative to imports result in rand appreciation, whereas a negative trade balance causes rand 
depreciation. 

 
Table 8. Short-run estimates and ECM 

Dependent Variable: Real exchange rates 

Variable Coefficient Standard errors t-statistic p-value 

C 30.992 21.028 1.473 0.162 
PDT -0.715 0.130 -5.490 0.000 
RINTRT(-1) -1.467 0.060 -2.439 0.028 
INFT -4.255 0.700 -6.073 0.000 
FDIT -0.027 0.458 -0.061 0.952 
EXPT(-1) 4.807 1.308 3.675 0.002 
IMPT -2.355 0.572 -4.115 0.001 
D(RINTRT) 1.093 0.424 2.577 0.021 
D(EXPT) 2.591 1.048 2.471 0.026 
CointEq(-1) -0.483 0.043 -11.008 0.000 

 
Table 8 presents the findings from a short-run estimation and error-correction model. The 

findings from the short-run estimation and error-correction model reveal a negative, statistically 
significant relationship between public debt, real interest rates, inflation, imports, and the real 
exchange rate. However, exports exhibit a positive, statistically significant relationship with the real 
exchange rate. A rise in public debt leads to a depreciation of the rand. An increase in the real 
interest rate leads to a decline in the domestic currency. These results are supported by 
Goonawardhana and Dissanayake (2023). They state that a rise in real interest rates leads to a 
decline in the real exchange rate, weakening the rand, as higher interest rates might attract foreign 
investment.  

 Furthermore, rising inflation reduces the real exchange rate, contributing to a decline in 
the rand’s value. Elevated inflation may erode the currency’s purchasing power and lower its value 
relative to other currencies (Priyatna et al., 2025). An increase in imports leads to a decline in the 
real exchange rate, resulting in a depreciation of the rand. Increased imports can create higher 
demand for foreign currency, which, in turn, weakens the rand (Mohr, 2020). Conversely, an 
increase in exports results in an appreciation of the domestic currency. This aligns with a study by 
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Kandil (2015), which found that an increase in exports leads to a rise in the real exchange rate, 
strengthening the rand.  

The CointEq(-1) coefficient (-0.484) implies that approximately 48% of the divergence 
from the long-term equilibrium is adjusted in each period. The negative ECT coefficient of -0.483 
confirms a stable long-run relationship where exchange rate volatility corrects toward equilibrium 
following a debt shock. This value indicates that approximately 48.4% of any divergence from the 
long-term trend is adjusted within a single period. The relatively high speed of adjustment suggests 
the system is responsive, clearing nearly half of the equilibrium error almost immediately. 
Consequently, it would take roughly two periods for the full impact of a shock to dissipate and for 
the exchange rate to stabilise. This result highlights a robust corrective mechanism that prevents 
permanent deviations from the established economic fundamentals. The coefficient on the error 
term is both statistically significant and negative, indicating that the model adjusts for deviations 
from the long-term equilibrium. 
  

Table 9. Diagnostic tests 

Test Null Hypothesis test-Statistic p-value Decision 

Jarque-Bera Residuals are normally 
distributed. 

4.286 0.117 Residuals are normally 
distributed.  

Arch test The time series is 
homoscedastic.  

0.115 0.910 The time series data 
presented in the study exhibit 
homoscedasticity. 

Breusch-
Godfrey serial 
correlation LM 
test 

There is no serial 
correlation in the 
residuals. 

0.406 0.467 There is no serial correlation 
in the residuals of the time 
series data used in this 
research paper.  

 

 

Figure 1. CUSUM Test 
 

We use the Cumulative Sum of Recursive Residuals (CUSUM) and the Cumulative Sum of 
Squares (CUSUM Q) tests to assess structural stability and specification. Figure 1 shows that the 
CUSUM chart indicates the line remains within the 5% significance level, indicating that the 
model's parameters are consistent over time. This uniformity indicates that the model can be 
dependably utilised for policy guidance and projections. 

Based on the CUSUM of squares plot, the line stays within the 5% significance level, 
indicating that the model's parameters are consistent over time. This consistency implies that the 
model can be reliably used for policy recommendations and predictions. The lack of substantial 
deviations from the expected path suggests that the relationships among the model variables are 
robust and do not often drive significant structural breaks.  

-12

-8

-4

0

4

8

12

11 12 13 14 15 16 17 18 19 20 21 22 23 24

CUSUM 5% Significance



Public debt dynamics and real exchange rate volatility: … (Tyani et al.) 75 

 

 

Figure 2. CUSUM of Squares 
 

Conclusion 

The study examined the relationship between public debt and real exchange rate volatility in South 
Africa using time-series data spanning from 2000 to 2024. South Africa is a unique case study in this 
instance as a country with a growing public debt, a volatile exchange rate, and a heavily import-reliant 
developing economy. The findings show that public debt is a significant driver of  exchange rate 
volatility. This is the case in both the short- and long-run. This finding supports debt sustainability 
theories suggesting that rising public debt beyond sustainable levels scares investors due to anticipated 
default or inflationary financing. This may result in capital outflows, currency depreciation, and 
increasing exchange rate volatility. Furthermore, the study finds that interest rates, inflation, and trade 
openness are key macroeconomic factors driving significant fluctuations in South Africa's exchange 
rate. These fluctuations are more prevalent in the long run than in the short run. 

Lastly, the paper recommends firm government controls designed to prevent sudden 
capital movements (inflows or outflows) that could destabilise the rand. This can be achieved by 
maintaining a favourable trade balance, targeting inflation, and adjusting monetary policy. Secondly, 
the government can diversify the composition of its debt currency. This helps reduce volatility in 
debt-servicing payments and further stabilises government budgets and fiscal planning. 

 
Area for Future Research 
Future research could extend this work by exploring threshold effects (non-linearities) in more 
detail and by examining the real economic costs (e.g., trade, investment) of volatility generated by 
public debt. It can also decompose debt to capture the exact effect of debt components on the real 
exchange rate. 
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Abstract 

Purpose — This study investigates the impact of economic complexity 
on income levels across countries at different stages of economic 
development, with particular emphasis on how these effects vary across 
the income distribution.  

Method — A dynamic panel quantile regression approach is employed 
to analyse panel data from 115 countries over the period 1995–2020. 
GDP per capita is used as a proxy for income, allowing the analysis to 
capture heterogeneous effects across different quantiles of income 
distribution. The key control variables include human capital, population, 
trade openness, institutional quality, and inflation. 

Findings — The results reveal significant heterogeneity in the effects of 
economic complexity across income levels. Economic complexity has a 
positive and significant impact on income at higher quantiles, indicating that 
more advanced economies benefit from increased productive capabilities. 
Conversely, at lower quantiles, the effect is negative, suggesting that less-
developed countries are unable to fully capitalise on rising complexity.  

Implications — The findings suggest that policy strategies should be 
tailored to different stages of development. Low-income countries need 
to enhance skill formation and structural transformation to benefit from 
complexity, while high-income countries should focus on innovation and 
diversification. Strengthening human capital and institutional quality is 
essential to mitigating the effects of inequality.  

Originality — This study contributes to the literature by highlighting 
the heterogeneous effects of economic complexity using a dynamic panel 
quantile framework, offering new insights into income differences across 
development levels, an aspect largely overlooked in previous research. 

Keywords: Economic Complexity, Income Disparity, Panel Quantile 
Regression, Within-Group Disparity. 

 

Introduction 

Decades of research have focused on differences and disparities in income distribution across 
countries. In this study, income disparity refers to the differences in income levels across countries, 
capturing variations between lower- and higher-income economies rather than within-country 
inequality. In 2024, the World Bank estimated that approximately 692 million people lived below 
the international poverty line of $2.15 per day (in 2017 purchasing power parity terms). The largest 
percentage of these individuals lived in the least developed regions, such as Sub-Saharan Africa 
(67%) and South Asia (21%), while high-income countries accounted for only 1%.  
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These disparities are unsurprising, as previous studies have shown that developed 
countries, which produce a diverse and complex range of products, generally exhibit low or modest 
income disparities (Amarante, Lanzilotta, & Torres-Pérez, 2024; Hartmann, Guevara, Jara-
Figueroa, Aristarán, & Hidalgo, 2017; Lee & Vu, 2020). In contrast, least-developed countries tend 
to produce less complex products and rely heavily on natural resource exports, often exhibiting 
high levels of disparity (Hartmann, Jara-Figueroa, Guevara, Simoes, & Hidalgo, 2017; Pham, 
Truong, & Hoang, 2024). Together, these studies provide important evidence that the diversity and 
sophistication of a country’s productive capabilities influence its income distribution.  

Studies on income disparity and economic complexity have proposed a measure of the 
diversity of knowledge that can be translated into products or services (Hausmann, Hidalgo, 
Bustos, Coscia, & Simoes, 2014; Hidalgo, 2021). Unlike previous approaches that focused on 
aggregate output and input factors, economic complexity emphasises the productive capabilities 
embedded in goods and services through the use of machine learning and network techniques 
(Hidalgo, 2021).  

A country with diverse productive capabilities can develop highly sophisticated industries 
and manufacture complex products, thereby offering a wide range of job opportunities. These 
countries also have a greater proportion of skilled workers than unskilled workers (Chu & Hoang, 
2020). Countries with a higher complexity index can create more complex products and distribute 
income more fairly (Hartmann, Guevara, et al., 2017). They are highly diversified and export a large 
number of complex products. In contrast, widening disparities translate to the quality of human 
capital available in the country. Disparities persist where productive capabilities depend on 
unskilled workers and primary sector economies. This also implies limited occupational choices in 
countries with low complexity (Hartmann, Guevara, et al., 2017). Consequently, this constrains 
their ability to generate and distribute income fairly (Hartmann, Jara-Figueroa, et al., 2017), leading 
to high-income disparities and low wages for the majority of the population (Chu & Hoang, 2020). 

In addition, changes in productive capabilities create more employment opportunities, 
thereby increasing demand for skilled workers (Hartmann, Guevara, et al., 2017; Lee & Vu, 2020). 
This enables workers to bargain for wage increases, resulting in lower income disparities. However, 
the effect of economic complexity on income across countries remains poorly understood. Several 
studies have found both negative (Hartmann, Guevara, et al., 2017; Lee & Vu, 2020) and positive 
(Chu & Hoang, 2020) impacts of economic complexity on income disparities.  

Existing research often fails to consider whether economic complexity and disparity vary 
across different income levels. For example, Hartmann, Guevara, et al. (2017) assume that the 
inequality-reducing effects of complexity are homogeneous across countries. In contrast, Chu and 
Hoang (2020) find that disparities tend to increase as economies become more complex. However, 
as Buchinsky (1994) and Martins and Pereira (2004) argue, these studies largely overlook within-
group disparities that can be mitigated using quantile regression. Moreover, for cross-country studies, 
there is a need for a more refined approach that accounts for income distribution at varying levels of 
complexity. There is a significant income disparity between developed and least developed countries.  

This study investigates the impact of economic complexity on income across countries with 
different development levels. A panel dataset of 115 countries from 1995 to 2020, consisting of 
developed, developing, and least developed countries, was used. In contrast to past studies 
(Amarante et al., 2024; Chu & Hoang, 2020; Hartmann, Guevara, et al., 2017; Hartmann, Jara-
Figueroa, et al., 2017; Lee & Wang, 2021; Lee & Vu, 2020; Pham et al., 2024; Sepehrdoust, Tartar, 
& Gholizadeh, 2022), this study utilizes dynamic panel quantiles to estimate the relationship 
between economic complexity and income disparity. Panel quantiles were selected because 
economic complexity may also affect the distribution of income across levels of GDP per capita, 
and the conventional conditional mean regression approach (e.g., GMM, OLS) may obscure 
substantial parameter heterogeneity in the association between income and economic complexity. 
Furthermore, this study uses GDP per capita as a proxy for income disparity between countries, 
unlike many studies that mainly use the Gini index. We take a different approach, objectively, 
because studies involving the Gini index in cross-country comparisons require careful 
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consideration. Specifically, the Gini coefficient primarily captures within-country income 
disparities and may not adequately reflect differences across countries. 
 
Measurement of income disparity using GDP per capita 

The Gini index is commonly used as a proxy for studies of income disparity. The use of quantiles 
to examine the entire within-group income distribution (Buchinsky, 1994) has been rendered moot 
by the Gini index in methods such as quantile regression that rely on the concept of estimating 
conditional distributions. For this reason, the Gini index does not have a quantile structure (because 
it is a relative measure rather than an absolute value) suitable for use as the dependent variable. 
Hence, quantile regression is typically used to estimate the effect of independent variables at 
different quantiles of the dependent variable's distribution.  

Therefore, in this study, GDP per capita is preferred as a proxy for cross-country income 
gaps rather than for within-country income inequality, for data and methodological reasons. In this 
study, GDP per capita is also viewed as an approximation of a country's average income (Nolan, 
Roser, & Thewissen, 2019). For instance, if the impact is positive for the upper quantiles and 
negative for the lower quantiles, this is taken as evidence of widening income disparity. This 
approach, also known as within-group income disparity, can be used to measure differences across 
relevant quantiles (Buchinsky, 1994; Martins & Pereira, 2004). The application of this method 
highlights the results of the estimation from the longer tails at the end of the income distribution, 
especially towards less (or more) complex countries.  

Furthermore, this technique shows that the impacts of economic complexity differ across 
income distributions, or, in this case, between low-, medium-, and high-income countries. Finally, 
by using quantiles, the magnitude of the increase in complexity of GDP per capita can be observed 
at different points along the income distribution. This provides a clearer and more meaningful basis 
for comparisons of various income quantiles. Figure 1 shows a positive relationship between 
economic complexity and GDP per capita, suggesting that greater complexity is associated with 
higher income levels.  

 

 

Figure 1. Scatter Plot of Economic Complexity and GDP Per Capita 
 

Methods 

This study follows a model proposed by Hartmann, Guevara, et al. (2017), Chu and Hoang, (2020) 
and Lee and Vu (2020), which stems from the theoretical model of the Kuznets (1955). The effects 
of economic complexity on income can be expressed in a dynamic form as follows: 

GDPPCi,t = β0 + β1GDPPCi,t−1 + β2ECIi,t + β3HCi,t + β4POPi,t + β5𝑇𝑂i,t + β6INSi,t +
 β7INFi,t + µi,t   (1) 
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where i represents the country, t represents time, and µ𝑡 is an error term. GDPPC, GDP per capita; 
ECI, economic complexity index; HC, human capital; POP, total population; TO, trade openness; 
INS, institutions; and INF, inflation.  

Economic complexity, pioneered by Hausmann et al. (2014), refers to the productive 
capabilities embedded in a country. These capabilities represent the outcome of combining 
production factors with knowledge, enabling the creation of products or services (Hidalgo & 
Stojkoski, 2025). In this sense, economic complexity studies the interaction and exchange of 
knowledge embedded in the economy, weighing and assigning complexity in producing products, 
thereby contributing to explaining the rate of development, economic growth, and income disparity 
between countries (Hausmann et al., 2014; Hidalgo, 2021; Hidalgo & Stojkoski, 2025).  

By utilizing a method of reflection, the range of products a country can export (diversity) 
and the number of countries that can make a given product (ubiquity) are iteratively computed. In 
the concept of economic complexity, a product that can be produced by many is seen as abundant 
(in terms of productive capabilities). In contrast, products manufactured by a single or a few 
countries are seen as scarce. 
The formulae for deriving the ECI (Hausmann et al., 2014): 

Diversity = k𝑐,0 = ∑ 𝑀𝑐𝑝𝑝   (2) 

Ubiquity = k𝑝,0 = ∑ 𝑀𝑐𝑝𝑐  (3) 

where 𝑀𝑐𝑝 is a matrix in which the rows represent different countries and columns represent 

different products; c denotes country, and p denotes product. They then jointly and iteratively 
compute the mean value of diversity and ubiquity to generate a more accurate measure of the 
number of capabilities available in a country, as follows: 

k𝑐,𝑁 =
1

𝑘𝑐,0
 ∑ 𝑀𝑐𝑝 . 𝑘𝑝,𝑁−1𝑝  (4) 

k𝑝,𝑁 =
1

𝑘𝑐,0
 ∑ 𝑀𝑐𝑝 . 𝑘𝑐,𝑁−1𝑝  (5) 

where N denotes the number of iterations. By inserting Equation (5) into Equation (4), we obtain 
the following equation: 

k𝑐,𝑁 =
1

𝑘𝑐,0
 ∑ 𝑀𝑐𝑝  

1

𝑘𝑝,0
 ∑ 𝑀𝑐′𝑝𝑐′ . 𝑘𝑐′,𝑁−2 = ∑ 𝑘𝑐′,𝑁−2 ∑

𝑀𝑐𝑝𝑀𝑐′𝑝

𝑘𝑐,0𝑘𝑝,0
𝑐′𝑝  (6) 

This can be rewritten as: 

k𝑐,𝑁 = ∑ 𝑀̃𝑐𝑐′  𝑘𝑐′,𝑁−2𝑐′  (7) 

In which,  

𝑀̃𝑐𝑐′ = ∑
𝑀𝑐𝑝𝑀𝑐′𝑝

𝑘𝑐,0𝑘𝑝,0
 (8) 

where 𝑀̃𝑐𝑐′ is a matrix connecting countries exporting similar products. Finally, the ECI is 
computed as follows: 

𝐸𝐶𝐼 =
𝐾⃗⃗ − <𝐾⃗⃗ >

𝑠𝑡𝑑𝑒𝑣 (𝐾⃗⃗ )
  (9) 

where 𝐾⃗⃗  is the eigenvector of 𝑀̃𝑐𝑐′ associated with the second largest eigenvalue, < > represents 
an average, and stdev denotes the standard deviation.  
 
Data 

This study employs an unbalanced panel dataset of 115 countries covering the period 1995–2020, 
with year selection determined by the availability of economic complexity data. The dependent 
variable is income, proxied by GDP per capita (constant 2015 US$) from the World Development 
Indicators (WDI). The independent variable, economic complexity, is represented by the ECI as 
the primary indicator of productive capabilities. Any changes in productive capabilities are 
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hypothesized to affect income generation, increase complexity, and reduce income disparity in the 
economy (Hartmann, Guevara, et al., 2017). The data for the control variables are as follows: 
human capital (HC), population (POP), trade openness (TO), institutions (INS), and inflation 
(INF). Table 1 summarizes the data used in this study.  
 

Table 1. Data summary 

Variable 
Notation 

Variable Name Variable Description 
Measurement 

Unit 
Reference 

GDPPC GDP Per 
Capita 

A proxy to measure 
income disparity 

US$ in 2015  (Buchinsky, 1994; Martins & 
Pereira, 2004; Nolan et al., 
2019) 

ECI Economic 
Complexity 

Economic 
Complexity Index 

Index between -
3 and 3. 

(Chu & Hoang, 2020; 
Hartmann, Guevara, et al., 
2017; Lee & Vu, 2020) 

HC Human Capital Human Capital 
Index 

Index between 0 
and 5 

(Chu & Hoang, 2020; Lee & 
Vu, 2020) 

POP Population Population in a 
country 

Sum of the total 
population 

(Lee & Wang, 2021; Lee & 
Vu, 2020; Morais, Swart, & 
Jordaan, 2021) 

TO Trade 
Openness 

The sum of exports 
and imports of 
goods and services 
over GDP 

Percentage (%) 
of GDP  

(Lee & Wang, 2021; Lee & 
Vu, 2020; Morais et al., 2021)  

INS Institutions Institutional Quality Percentile 0-100 (Chu & Hoang, 2020; 
Hartmann, Guevara, et al., 
2017; Law & Azman-Saini, 
2012; Lee & Vu, 2020) 

INF Inflation Annual percentage 
change of the 
consumer price 
index 

Annual 
percentage (%) 

(Glawe & Wagner, 2024; 
Kamguia, Tadadjeu, Miamo, & 
Njangang, 2022) 

 
Estimation Techniques 

To analyse the effect of economic complexity on income, we utilised quantile regression 
(Buchinsky, 1994; Koenker & Bassett, 1978; Koenker & Hallock, 2001; Lin, Lee, & Law, 2021; 
Martins & Pereira, 2004). This technique allows estimation of the conditional quantile function and 
analysis of the effect of economic complexity on income at different points in the conditional 
distribution of GDP per capita. It has been chosen because economic complexity may also affect 
the distribution of income across levels of GDP per capita. Specifically, we are interested in 
studying the different effects of low- and high-complexity countries at the various quantiles of 
income distribution.  

Furthermore, the dynamic quantile regression approach has been increasingly adopted in 
empirical growth and inequality studies for its ability to capture heterogeneous effects across the 
income distribution (Galvao, 2011; Machado & Santos Silva, 2019). It extends the standard quantile 
framework by incorporating lagged dependent variables, thereby accounting for persistence and 
dynamic adjustment. Compared to static estimates, our approach provides a more nuanced picture 
of how economic complexity influences income-disparity segments over time. The advantages of 
quantile regression include the following: (i) flexibility for modeling data with heterogeneous 
conditional distributions (Chernozhukov & Hansen, 2008), (ii) median regression is more robust 
to outliers than ordinary least-squares (OLS) regression (Coad & Rao, 2008), and (iii) it allows for 
accurate fitting of data with skewed distributions (Kottas & Krnjajić, 2009), which are commonly 
observed in income datasets.  

Additionally, the traditional conditional mean regression approach (such as GMM or OLS) 
may conceal substantial parameter heterogeneity in the relationship between income and the ECI. 
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In this case, this technique minimizes 𝛴𝑖𝑞|𝑒𝑖| +  𝛴𝑖(1 − 𝑞)|𝑒𝑖|, a sum that provides asymmetric 

penalties q|𝑒𝑖| for under-prediction and (1-q)|𝑒𝑖| for over-prediction. If 𝜀𝑖 is the model prediction 

error, OLS minimizes Σ𝑖𝑒
2
𝑖 . In the case of median regression, this technique minimizes Σ𝑖|𝑒𝑖|, 

which is also known as the least absolute deviations (LAD). 
To test the effect of economic complexity on income, the proposed dynamic quantile 

regression model is as follows: 

𝑄𝜏𝜏 | 𝐺𝐷𝑃𝑃𝐶𝑖,𝑡−1, 𝑋
′
𝑖𝑡 =  𝛼(𝜏)𝐺𝐷𝑃𝑃𝐶𝑖,𝑡−1 + 𝑋′

𝑖,𝑡𝛽(𝜏)  +  µ  (10) 

where 𝑋′
𝑖𝑡 is a vector of independent variables; βτ is a k × 1 vector of regression parameters 

associated with the τ-th percentile. Thus, this study limits the estimations of country-specific effects 

to be independent of τ across the quantiles. Here, 𝑄𝜏(𝐺𝐷𝑃𝑃𝐶𝑖𝑡|𝑋𝑖𝑡) is τth quantile regression 

function of 𝐺𝐷𝑃𝑃𝐶. This estimation recounts projections of quantile functions at the median of 
the size distribution (50th percentile) and interquartile regressions (0th and 90th percentile) by 
projecting nine quantile regression functions: Q (0.10), Q (0.20), Q (0.30), Q (0.40), Q (0.50), Q 
(0.60), Q (0.70), Q (0.80) and Q(0.90). In this framework, the impact of economic complexity on 
income disparity is assessed by examining the differential effects of economic complexity on GDP 
per capita across high- and low-income groups.  
 

Results and Discussions 

Table 2 provides the summary statistics for the variables used, based on annual data from 115 
countries over the 1995–2020 period. The GDPPC ranges from 5.53 (Venezuela in 2019) to 12.02 
(Qatar in 2011), with a mean of 9.24. The economic complexity mean is 2.31, ranging between 1.99 
(Kyrgyzstan in 1997) and 2.55 (Japan in 2011). The standard deviation of 2.31 (ECI) implies that 
the ECI scores of the data are clustered around the mean. In contrast, the GDPPC standard 
deviation of 1.19 indicates a greater spread from the mean. A considerable range is evident across 
institutions, with a minimum of 0.17 (the Democratic Republic of the Congo in 1998) and a 
maximum of 4.60 (Finland in 2005).  

Table 3 presents the results of the correlation coefficients for all variables used in this analysis. 
The table shows that two variables (i.e., population and inflation) are negatively correlated with the 
dependent variable GDPPC, whereas all other variables are positively correlated. It also shows that 
our main independent variable (i.e., economic complexity) is positively associated with GDP per 
capita (0.32), which is consistent with the theoretical perspective. In general, all correlation 
coefficients are below 0.8, indicating no possible problem of collinearity among the variables. 

 
Table 2. Descriptive statistics 

Variables Mean Std. Dev.  Min. Max. 

GDPPC 9.24 1.19 5.53 12.02 
Economic Complexity (ECI) 2.31 0.1 1.99 2.55 
Human Capital (HCI) 0.90 0.6 0.05 1.47 
Population (POP) 16.50 1.47 13.15 21.07 
Trade Openness (TO) 4.27 0.49 2.47 6.08 
Institutions (INS) 3.78 0.66 0.17 4.60 
Inflation (INF) 4.68 0.15 4.29 7.91 

 
Table 3. Correlation matrix 

 GDPPC ECI HC POP TO INS INF 

GDPPC 1       
ECI 0.32 1      
HCI 0.76 0.34 1     
POP -0.16 -0.002 -0.12 1    
TO 0.28 0.13 0.28 -0.61 1   
INS 0.74 0.33 0.58 -0.21 0.25 1  
INF -0.24 -0.01 -0.13 0.07 -0.11 -0.34 1 
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To investigate the impact of economic complexity on income, Table 4 presents the results 
of our main estimates using quantile regression. The table reports the dynamic panel quantile 
regression results for τ = 0.1,…,0.9. Overall, the effects of economic complexity on income are 
heterogeneous across quantiles. Quantiles with significant economic complexity coefficients are 
the 10th, 20th, 40th, 50th, 60th, 70th, 80th, and 90th percentiles. This empirical result demonstrates 
that the effect is more pronounced at high quantiles, indicating significant positive effects from the 
60th to the 90th percentile. At high quantiles, the impact of economic complexity on income is 
notable at the 90th percentile. This finding seems consistent with the view that more sophisticated 
capabilities are associated with high-income and developed countries. Thus, improving the 
productive capabilities of the economy is necessary.  

In contrast, the effects of economic complexity on income are negative and significant at 
lower quantiles, with more substantial effects at the 10th, 20th, and 40th percentiles. Therefore, the 
positive impact at higher quantiles and the negative impact at the lower quantiles support the idea 
that economic complexity has widening effects on income disparity. This result aligns with Chu 
and Hoang (2020) and Hartmann, Guevara, et al. (2017), who found that an increase in economic 
complexity leads to higher income disparity. The main reason for this widening effect is that much 
of the workforce in the least-developed countries primarily consists of unskilled workers (Chu & 
Hoang, 2020; Hartmann, Guevara, et al., 2017; Hartmann, Jara-Figueroa, et al., 2017). However, 
unlike Amarante et al. (2024), who reported a mitigating effect of complexity on inequality in high-
income economies, our results suggest that complexity reinforces disparities when low-income 
countries lack the absorptive capacity to utilize new capabilities effectively. Thus, improving 
productive capabilities in lower-quantile countries did not directly increase their incomes or narrow 
the disparity. It is also possible that low-income countries could only partially absorb this impact. 
Unequal opportunity distribution benefited only skilled workers and upper-ladder income in the 
economy. Consequently, this exacerbates disparities in the country. 

Interestingly, at several mid-quantiles (30th–50th), the coefficients for ECI appear weak or 
statistically insignificant, indicating a period of transition among middle-income countries. This 
pattern suggests that economies in this range are in a structural adjustment phase, benefiting 
partially from growing productive capabilities but still constrained by limited technological 
absorption, uneven skill distribution, and institutional inefficiencies. These transitional economies 
may be developing new industries and capabilities but have not yet achieved the level of 
diversification and knowledge intensity seen in higher-quantile countries. Consequently, while 
economic complexity begins to stimulate income growth, its full potential to reduce disparities 
remains unrealised due to persistent structural constraints.  

Across the quantiles, Table 4 shows that trade openness and inflation were positively and 
significantly associated with GDP per capita in all quantiles. This suggests that, as trade openness 
and inflation improve, they do not directly influence income disparity, as income tends to increase 
across all countries regardless of development level. In other words, the effects of trade and 
inflation on income appear uniform across low- and high-income economies. At the same time, 
human capital, population, and institutional quality exhibit varying effects across income 
distribution. This finding is consistent with Chu (2023), which finds that these variables generally 
have a reducing effect on income disparity, as indicated by their positive impact at lower quantiles 
and negative impact at higher quantiles. Institutional quality positively affects income per capita 
across the 10th to 70th percentiles, suggesting that institutional improvements enhance income 
generation in developing and emerging economies. However, in the 80th and 90th percentiles, the 
coefficient turns negative, suggesting that further institutional improvements in already high-
income countries may yield diminishing returns on income growth. 

We then estimate the quantile results simultaneously by testing the equality of the 
coefficients across quantiles. In doing so, we intend to determine whether the coefficients at lower 
quantiles differ statistically from those at higher quantiles. Table 5 presents the results for four 
estimated quantiles: 10th = 90th, 20th = 80th, 30th = 70th, and 40th = 60th. At the 10th and 90th 
percentiles, and at the 20th and 80th percentiles, the joint F-statistics results indicate that all 
coefficients are statistically significant. Thus, the result confirms that the coefficients at lower 
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quantiles are statistically different from those at higher quantiles. However, as we approach the 
middle quantiles, we see that the F-statistic for the population is not significant at the 30th -70th and 
40th - 60th percentiles. 

 
Table 4. Dynamic panel quantile regression 

Regressor Dependent variable: GDPPC      

 Quantile 

 0.1  0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

lnGDPPC t-1 0.968* 0.976* 0.978* 0.974* 0.982* 0.987* 0.990* 0.994* 0.995* 
 (0.000) (0.000) (0.000) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) 
lnECI -0.001* -0.004* 0.000 0.003* 0.000* 0.003* -0.000* 0.001* 0.002* 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
lnHCI 0.014* 0.016* 0.008* 0.020* 0.012* 0.007* 0.009* 0.003* -0.005* 
 (0.000) (0.001) (0.001) (0.001) (0.000) (0.000) (0.000) (0.000) (0.000) 
lnPOP 0.007* 0.003* 0.003* 0.003* 0.003* 0.002* 0.002* -0.002* -0.001* 
 (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) 
lnTO 0.013* 0.009* 0.008* 0.0167* 0.024* 0.017* 0.0186* 0.011* 0.0127* 
 (0.000) (0.000) (0.002) (0.001) (0.001) (0.000) (0.000) (0.000) (0.001) 
lnINS 0.072* 0.038* 0.036* 0.025* 0.014* 0.005* 0.005* -0.003* -0.002*** 
 (0.000) (0.000) (0.002) (0.001) (0.000) (0.000) (0.000) (0.000) (0.001) 
lnINF 0.015* 0.000 0.017* 0.098* 0.143* 0.216* 0.385* 0.449* 0.534* 
 (0.001) (0.004) (0.005) (0.003) (0.003) (0.000) (0.001) (0.003) (0.002) 
Observations 2,357 2,357 2,357 2,357 2,357 2,357 2,357 2,357 2,357 
Number of countries 115 115 115 115 115 115 115 115 115 

Note: Standard errors in parentheses. *, **, and *** refer to statistical significance at the 1, 5, and 10% levels, 
respectively 

 
Table 5. Coefficient differences between lower and upper quantiles 

Variables 0.1 = 0.9 
F-stat 

0.2 = 0.8 
F-stat 

0.3 = 0.7 
F-stat 

0.4 = 0.6 
F-stat 

ECI 13.03* 15.91* 3.59*** 4.93** 
HC 8.14* 10.25* 3.23*** 2.09** 
lnPOP 7.75* 3.50** 0.03 0.01 
lnTO 9.35* 2.51** 6.60** 2.73*** 
lnINS 27.75* 27.83* 17.11* 7.15* 
lnINF 74.70* 56.23* 81.22* 25.56* 

Note: *, **, and *** indicate statistical significance at the 1%, 5%, and 10% levels, respectively. 

 
Figure 2 graphically illustrates the impact of economic complexity and other control 

variables on GDP per capita. The horizontal x-axis in the figures shows the quantile scale, and the 
vertical y-axis shows the estimated coefficients for each variable. As shown in Figure 2(a), past 
income significantly affects current income, with the effect increasing toward higher quantiles. 
Figure 2(b) suggests that ECI is significantly negative in low quantiles and positive in medium and 
high quantiles. This growing effect of economic complexity, which intensifies at higher quantiles, 
is consistent with Chu and Hoang (2020), who found that disparity increases as countries develop 
more complex economies. Figure 2(g) shows that lagged GDPPC and inflation have an increasing 
trend, in contrast to Figures 2(c), (d), and (f), which indicate a decreasing trend for human capital, 
population, and institutions. Here, we infer that the impact of these variables decreases marginally 
as quantiles increase. Finally, Figure 2(e) shows sustained fluctuations in the coefficient across 
quantiles for trade openness. 

 
Robustness Checks 

To further validate the dynamic panel quantile results, this study employed a two-step system GMM 
estimation using a different proxy for income disparity: the Gini index. The Gini index was 
obtained from the Standardized World Income Inequality Database (SWIID, version 9.5) (Solt, 
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2020). We utilised the data for the period of 1996 to 2020, and the data were also averaged for 5-
year periods in this section. To ensure comparability, the same control variables were retained in 
both the quantile and GMM estimations. The difference lies only in the dependent variable, GDP 
per capita (main model) and Gini index (robustness test), which capture different aspects of income 
disparity. Data for the independent and control variables – ECI, human capital, population, 
institutions, and inflation – were obtained from previous estimations. However, to successfully 
investigate the sensitivity of the last result, we selected countries with lower-than-average World 
GDP per capita in 2020, which was $10,499.6 (constant 2015 US dollars).  
 

 
Figure 2. Changes in panel quantiles regression as quantiles vary from 0 to 1 
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Thus, this sample amounts to 69 countries, representing some middle- and all low-income 
countries from the quantile estimation. This reduction in sample size may affect the external validity 
of the robustness check and, if the countries with available Gini data differ systematically from the 
full panel, introduce sample selection bias. Nevertheless, the direction and significance of the 
relationship between economic complexity and disparity remain consistent in this subset, offering 
partial validation of the main findings. 

Table 6 shows the robustness test for our estimation, indicating that economic complexity 
has a statistically significant positive effect on income disparity at the 1% level. The GMM estimates 
confirm the positive relationship between ECI and Gini, consistent with the upper-quantile results 
of the dynamic quantile regression, in which economic complexity is associated with higher income 
disparities. Thus, this result supports previous estimates and shows that increasing productive 
capabilities in middle- and low-income countries leads to widening disparities in these regions. 
Furthermore, the persistence of ECI’s positive effect across both models suggests that the 
widening influence of economic complexity on income disparity is not model-specific. However, 
the stronger effects observed in higher quantiles suggest that the dynamic quantile regression model 
captures heterogeneity in the income distribution that the GMM approach cannot fully account 
for. 

Additionally, the lagged Gini also affects the current Gini, indicating that this dynamic 
model is appropriate. Trade openness and inflation appear to positively influence income disparity, 
whereas human capital and institutions negatively influence the Gini. In addition, the population 
was found to be insignificant in this estimation. Overall, we can conclude that increasing economic 
complexity in middle- and low-income countries increases income disparity.  

 
Table 6. System GMM using Gini as a proxy for income disparity without outliers 

Regressor Coefficient 
Robust 

Standard Error 

Constant -0.471* 0.081 
Gini t-1 0.945* 0.006 
ECI 0.084* 0.014 
HC -0.099* 0.035 
lnPOP -0.009 0.049 
lnTO 0.089* 0.044 
lnINS -0.008** 0.012 
lnINF 0.019** 0.021 
   
Observations 232  
Number of countries 66  
No. of instruments 14  
AR1 (p-value) 0.00  
AR2 (p-value) 0.413  
Hansen (p-value) 0.592  

Note: *, **, and *** refer to statistical significance at the 1, 5, and 10% levels, respectively 

 

Conclusion 

This study analyses the effect of economic complexity on income in 115 countries over the 1995–
2020 period. The study found significant cross-country impacts using dynamic panel quantile 
regression. At a high quantile, economic complexity is associated with higher income per capita. 
Thus, an increase in a country’s productive capabilities is linked to higher workers’ incomes in 
developed countries. This study also found that economic complexity negatively impacts income 
per capita at a low quantile. This implies that an increase in productive capabilities in these countries 
did not benefit the incomes of low-skilled workers. Thus, the positive impact at higher quantiles 
and the negative impact at lower quantiles support the idea that economic complexity had a 
widening effect on income disparity. Meanwhile, increasing human capital, population, and 
institutional quality reduces income disparity between low- and high-income countries. Finally, 
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increases in trade openness and inflation do not affect income disparity, as income tends to increase 
across all quantiles. 

Based on our findings that economic complexity has a widening effect on income disparity, 
policy formulation should be strategized to effectively narrow the disparity between high- and low-
income countries. The governments of low-income countries should aim to venture into new 
industries that add value by introducing new productive capabilities in the economy. New 
productive capabilities not only increase a country’s complexity but also contribute to a chain effect 
in the economy. In high-income countries, policy formation should be structured to foster more 
complex and diversified activities, especially those that build existing productive capabilities.  

Although this study offers useful insights into the relationship between economic 
complexity and income, several limitations should be noted. First, using GDP per capita as a proxy 
for income disparity captures differences between countries but not within-country inequality. 
Second, despite accounting for heterogeneity across income levels, the dynamic panel quantile 
approach may be subject to endogeneity due to omitted variables, such as labour market structure 
or capital formation. Lastly, the dataset is unbalanced because not all 115 countries have continuous 
observations from 1995 to 2020, which may affect the precision of estimates at the lower and upper 
quantiles. Future research could extend this analysis by incorporating within-country income data 
to better capture inequality at the individual level. Further studies may also expand the scope to 
include regional or sectoral data, which could provide a more detailed view of how productive 
capabilities shape income outcomes across different economic contexts. 
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Abstract 

Purpose — Theoretically, the impact of globalisation is ambiguous, and 
the empirical evidence inconclusive. This study aims to conclusively 
determine the effects of the various dimensions of globalisation on 
Turkey’s economic growth. 

Method — The study employs the autoregressive distributed lag 
(ARDL) framework to estimate both short-run and long-run effects of 
globalisation. Globalisation is measured using the KOF Globalisation 
Index, disaggregated into de jure, de facto, economic, social, and political 
dimensions. Human capital is proxied by the Human Development 
Index (HDI), while physical capital is captured by gross fixed capital 
formation as a percentage of GDP. 

Findings — The results based on the aggregate globalisation index 
reveal a positive and significant long-run effect of globalisation on 
Turkey’s economic growth. However, neither short-run nor long-run 
effects are observed when aggregate de jure and de facto globalisation 
indices are used. Furthermore, economic and social globalisation exert a 
significant negative impact on GDP growth in the short run, though no 
long-run effects are detected. 

Implications — The findings suggest that while globalisation can 
support long-term economic growth, its short-term effects—particularly 
through economic and social channels—may pose adjustment challenges 
that require appropriate policy responses. 

Originality/value — This study contributes to the globalisation–growth 
literature by providing a comprehensive, disaggregated analysis of  
globalisation in Turkey using a long time series and the ARDL approach. 

Keywords — Globalisation, ARDL, KOF Globalisation Index, Turkiye, 
Economic Growth  

 

Introduction 

The return of President Trump as the 47th President of the United States and the radical, seismic 
shifts in American foreign policy and bilateral relations have left capitals around the world guessing. 
President Trump's increasing protectionist rhetoric aligns with Milberg et al. (2024) contention that 
globalisation has been in decline since at least 2011. This de-globalisation is supposedly 
characterised by nationalism and protectionism, both of which are fueling a populist political 
revolution (Morelli & Peluso, 2025). 

Despite talk of  de-globalisation, Lincicome (2022) forcefully argues that the end of  
globalisation is not near, with trade in intermediate goods, IT, and service goods still accelerating. 
Admittedly, the global merchandise trade has been slowing. This, he argued, is a natural and expected 
evolution, as trade in goods is practically constrained by factors such as transportation costs, tastes, 
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and technology. This has nudged globalisation to an evolutionary path, resulting in re-globalisation 
rather than de-globalisation (Lincicome, 2022). Nonetheless, there seems to be a waning interest in 
globalisation in the literature. A cursory look at Google N-grams data shows a recession in the 
popularity of  the keywords “Globalisation” and “Globalisation”, as depicted in Figure 1. 
Globalisation and its various versions were hot topics in the early 2000s through the 2010s. Since 
2008, however, usage has fluctuated and is now in decline. This, perhaps, is due to the acceptance of  
globalisation as part of  the economic and technological transformational process.  

 

 

Figure 1. Google N-Gram of Globalisation and Globalisation 
Source: Authors’ using Data from Google N-grams 

 
Thus, the era of globalisation, as it was known in the first decade of the 21st century, is 

over, with more questions than answers about its true impact on economies, politics, and society. 
While some see it as a phenomenon that brings incredible benefits, others criticise its impact on 
society's cultural and social structures. Economic globalisation is the most debated type, with its 
effect on economic growth still inconclusive.  

The sceptics often trumpet the supposed impact of globalisation on inequalities and 
environmental pollution. For instance, Goldsmith (1997) makes a definitive claim that Climate 
change may be the most terrifying problem humanity faces, and economic globalisation accelerates 
it while, Yay et al. (2016) assert that there is a connection between income disparity and 
globalisation. The advocates of globalisation, however, see it as economically and, perhaps, socially 
benign, contending that global economic integration and financial liberalisation that accompany it 
provide significant benefits for developing countries. Bhagwati (2007), for example, refutes the 
argument of anti-globalisation advocates, claiming that globalisation, properly managed, can help 
combat many socio-economic challenges, including poverty.  

Beyond the conceptual and moral/social arguments for and against globalisation, many 
authors have sought to quantitatively gauge the ramifications of globalisation on economies, with 
contradictory results. Villaverde and Maza (2011) found that globalisation generally promotes 
economic growth and equality with a semblance of globalisation convergence. Siddharthan (2004) 
is more cautious after reviewing several studies on the impact of economic globalisation on 
productivity in India. contending that there is evidence of MNEs having benefited from India's 
trade and financial liberalisation. Recently, Abubakar (2024) sought to determine the growth impact 
of globalisation as measured by the KOF Globalisation index in Ghana, Nigeria, Kenya, and South 
Africa, and concluded a negative but insignificant impact of globalisation on growth. Crafts (2004) 
stresses that institutional quality is critical in the nexus between globalisation and growth.  
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This contradictory evidence has also been found for Turkiye. For example, Ojaghlou and 
Tercan (2024) employed ARDL and DCC-GARCH frameworks, using exports, imports, primary 
income, remittances, and foreign direct investment as controls, and the KOF index as a gauge of 
globalisation. They concluded that globalisation has a long-term positive influence on economic 
growth. However, they did not explain the rationale for the choice of controls. Given that foreign 
direct investment, real trade flows, income transfers to foreign nationals, and portfolio investment 
are all used in the calculation of the KOF Economic Globalisation Index (Dreher, 2006), their 
choice of controls is likely to result in at least multicollinearity.  

Çeştepe et al. (2023) also examine the impact of the various dimensions of globalisation on 
economic growth in Turkiye. Specifically, they used data spanning 1970 to 2018 in an ARDL 
bounds framework to explore the long- and short-term dynamics among per capita income growth, 
the KOF globalisation index and its subcomponents, inflation, and the external debt-to-national 
income ratio. They found that globalisation in the social, political, and economic spheres had a 
positive impact on per capita income. In contrast, overall globalisation had a negative and 
significant impact in the long term. In arriving at these conclusions, Çeştepe et al. (2023) modelled 
overall globalisation as determined by the sub-dimensions of globalisation with inflation and 
external debt to GDP as controls. The problem with this setup is that the political, social, and 
economic globalisation are combined to compute the overall globalisation index. As such, using 
the social, political, and economic globalisation indices, along with the overall globalisation index, 
as independent variables will result in multicollinearity and conflate the results.  

Kılıçarslan and Dumrul (2018) examined the impact of  globalisation, in its various forms (de 
jure and de facto) and types (social, economic, and political), on Turkish economic growth from 1980 
to 2015. They found that political globalisation, whether de jure or de facto, decreases economic 
growth, whereas social globalisation, de facto, increases growth, whereas de jure is inimical to growth. 
Also, overall economic globalisation was found to have a positive impact on GDP growth, 
contradicting the findings of  Çeştepe et al. (2023) , while the de facto and de jure economic 
globalisation implied a negative but insignificant impact on growth.  

For their part, Bayar and Dabakoğlu (2023) aimed to ascertain if democracy mediates the 
connection between globalisation and economic growth and found globalisation to have a positive 
long-term impact on growth, with democratic institutions playing a crucial role. Using human 
capital and fixed capital formation as control variables, Koyuncu and Sarıtaş (2017) found that 
while globalisation had a negative, negligible short-term effect on growth in Turkiye, it had a 
favourable, considerable long-term benefit.  

One of the most theoretical and methodologically rigorous studies on Turkiye's 
globalisation and growth nexus is Utkulu and Özdemir (2004). They underscore the 
inconclusiveness of endogenous growth models on the trade openness and growth nexus and 
highlight the inconclusiveness of theory on the direction of causality. They also note the superiority 
of country-level studies as opposed to cross-country studies, in line with Srinivasan and Bhagwati 
(2001). In their study, globalisation is measured as the sum of imports and exports as a proportion 
of GDP. They used real gross domestic investment as a stand-in for physical capital and secondary 
school enrollment as a stand-in for human capital as controls. They concluded that globalisation, 
as represented by trade openness, does have a positive impact on economic growth, subject to 
sound macroeconomic policies and strong investment in both physical and human capital.  

Since Utkulu and Özdemir (2004), several globalisation indices have been proposed, one of  
which is the KOF index. Globalisation indices like the KOF index are more rigorous since they use 
not just the actual flows of  trade but also trade and non-trade restrictions. Also, globalisation indices 
can capture aspects of  globalisation beyond trade, such as financial, political, and social globalisation, 
which may indirectly affect growth. Utkulu and Özdemir (2004) also used secondary school 
enrolment as a proxy for human capital development. This, though tolerable, fails to capture the 
returns to education and the standard of  living component of  human capital as computed by the 
United Nations Development Program (UNDP) and even the returns to education as computed by 
Penn World Tables. Thus, although Utkulu and Özdemir (2004) made significant contributions to 
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conclusively determining the impact of  globalisation (trade openness) on economic growth, their 
study was hindered by data availability problems, which are now surmountable.  

The Turkish economy has experienced a series of bursts and recessions since 1970. Figure 
2 maps out the oscillations in the GDP per capita of Turkiye from 1970 to 2019. 

 

 
Figure 2. Real GDP Growth (at constant 2017 National Prices Growth) 

Source: The authors’ use of data from Feenstra et al. (2015) 

 
In the late 1970s, Turkiye struggled to maintain solvency, fight inflation, and restore growth 

(Singer, 1981), narrowly avoiding recession. From 1978, however, the GDP per capita growth fell 
below zero, reaching a trough at -2.4% in 1980. The government implemented several measures as 
part of the 1980 recovery, one of which was to liberalise the economy and pursue an export-driven 
growth strategy (Ertuğrul & Selçuk, 2001). After the outward, export-led, and globalisation-aligned 
reforms, the country experienced repeated boom-bust cycles, culminating in the crisis in February 
2001. This crisis was mainly precipitated by capital outflows stemming from liberalised capital 
markets under a crawling peg. The currency immediately fell by almost 30% against the dollar, 
inflation skyrocketed, government debt nearly doubled, and interest rates rose sharply after the peg 
was eventually lifted (Dufour & Orhangazi, 2009). This led to a contraction in GDP per capita of 
over 5.75%.  

Dreher (2006) proposes a globalisation index that captures the social, political, and 
economic dimensions of globalisation. The economic globalisation, as proposed by Dreher (2006) 
has two types of de facto globalisation and de jure globalisation. The de facto economic 
globalisation captures actual flows of trade and finance, as well as the extent to which a country 
employs foreign capital and labour. De jure economic globalisation encompasses restrictions on 
trade through explicit and implicit import barriers, tariffs, taxes, and capital controls. The de facto 
and de jure economic globalisation indices are aggregated with equal weighting to obtain the 
economic globalisation index.  

The number of embassies, involvement in UN Security Council missions, and membership 
in international organisations are weighted at 34%, 34%, and 32%, respectively, to determine the 
political globalisation index. The social globalisation index is measured using different measures of 
cultural proximity, information flows, and personal contact. The three dimensions are then 
aggregated to create the overall globalisation index. The original indices, as proposed by Dreher 
(2006) have since been disseminated by the KOF Swiss Economic Institute as the KOF Index of 
Globalisation.  

The KOF index has gone through some revisions. One such revision is by Gygli et al. 
(2019), who distinguish between de jure and de facto globalisation, which is not limited to the 
economic dimension but has expanded to include de facto and de jure political and social 
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globalisation. Also, the aggregation is designed as a time-varying weighting of the various measures 
used to compute the indices. The appealing property of the KOF globalisation index is its 
comprehensiveness. Rather than focusing solely on trade and economics, the index also captures 
the subtler underlying forces of globalisation. The appetite for imports and exports is likely to be 
influenced by the extent of exposure to foreign social and political contacts. The trend of Türkiye's 
various globalisation measures from 1970 to 2021 is plotted in Figure 3. As depicted in the plot, 
Türkiye has seen a phenomenal increase in all dimensions of globalisation since 1980.  

 

 
Figure 3. Turkish Globalisation Indices 

Source: KOF Globalisation Index 

 

  
Figure 4. Share of Gross Capital Formation at Current PPPs(grossk)  

Source: The authors’ use of data from Feenstra et al. (2015). 

 
Over 25% of gross capital formation, the share rose to a staggering 38% in 1976. It has 

since oscillated, falling to a minimum of 13.8% in 2001. It has since hovered above 21% since 2004.  
As the literature indicates, there appears to be disagreement about the overall impact of 

globalisation on growth, both globally and for Türkiye, with some of the studies exhibiting 
fundamental deficiencies that this study seeks to address. For example, while Ojaghlou and Tercan 
(2024) and Bayar and Dabakoğlu (2023) contend that a positive long-term impact on growth, 
Çeştepe et al. (2023) document a significant negative long-term impact of globalisation on growth.  
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Our contribution is in three parts. With half a century of data, spanning the era of hyper-
globalisation, we hope to provide a more comprehensive answer to the impact of globalisation on 
economic growth in Turkiye. By using a globalisation index that captures both the de facto and de 
jure openness, we hope to uncover any subtleties that might have been overlooked in the literature. 
Also, by employing the UNDP's exhaustive Human Capital Index (HCI), we hope to accurately 
capture the impact of human development on growth that could have been wrongly ascribed to 
globalisation. It is found that aggregate globalisation has a positive impact on long-term growth. 
However, the aggregate and sub-indices are found to have a negative and significant impact on 
short-term growth.  

 

Methods  

In this study, we use the functional form in equation 1 to model the relationship between growth 
and globalisation. 

𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑔𝑖, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) (1) 

Where lngdp is the log of GDP, our proxy for economic growth (Feenstra et al., 2015). The 
gi is our globalisation measure, and the lhdi and lgrossk are the logs of the human development index 
and gross capital formation, our control variables, respectively.  

We use Utkulu and Özdemir (2004) studies by examining how globalisation, as measured 
by the aggregate economic, political, and social globalisation indices of KOF, impacts growth. 
Moreover, we employ the aggregate globalisation index (kofg), the de facto (dfag) and de jure (djag) 
aggregate globalisation indices, and the economic (egli), social (sgli), and political (pgli) globalisation 
indices in the estimations. The recent study spans 1970 to 2019, thus covering half a century of 
data during the hyper-globalisation era of the 2000s and 2010s.  

Since 1990, the United Nations Development Program has published the Human 
Development Index (HDI), which takes into account life expectancy, mean and projected years of 
schooling, gross national income (GNI), and health, knowledge, and standard of living. To 
extrapolate the HDI index from 1970 to 1989, we sourced life expectancy at birth and the Atlas 
method-computed GNI per capita as reported by the World Bank’s World Development 
Indicators (World Bank, 2017). We then employed Bayesian Ridge Regression to train a predictive 
model used to extrapolate the HDI index for Turkiye.  

We utilise the Autoregressive Distributed Lag (ARDL) model, which is especially appropriate 
for variables of  mixed integration, after determining that one of  our independent variables, the lhdi, 
is stationary (Pesaran et al., 2001). Potential long-term level correlations between the variables are 
tested using the limits testing approach (Pesaran et al., 2001). Specifically, the ARDL model represents 
the dependent variable as a combination of  short-run and long-run impacts of  the independent 
variables, where the short-run includes first-differenced nonstationary variables. In contrast, the long-
run includes level nonstationary variables. The ARDL is as in equation (2).  

𝑙𝑔𝑑𝑝𝑡 = 𝜑 + 𝛽1𝑙𝑔𝑑𝑝𝑡−1 + 𝛽2𝑔𝑖𝑡−1 + 𝛽3𝑙𝑔𝑟𝑜𝑠𝑠𝑘𝑡−1 + 𝛽4𝑙ℎ𝑑𝑖𝑡−1 + ∑ 𝛼𝑖1∆𝑙𝑔𝑑𝑝𝑡−𝑖
𝑝
𝑖=1 +

∑ 𝛼1∆𝑔𝑖𝑡−𝑖
𝑞1
𝑖=1 + ∑ 𝛼1∆𝑙𝑔𝑟𝑜𝑠𝑠𝑘𝑡−𝑖

𝑞2
𝑖=1 + ∑ 𝛼1𝑙ℎ𝑑𝑖𝑡−𝑖

𝑞3
𝑖=1 + 𝜖𝑡 (2) 

Where 𝑝 is the optimum lag selection of the dependent variable 𝑙𝑔𝑑𝑝, 𝑞1 is the optimum lag for 

the globalisation measure, 𝑞2 is the optimum lag selected for 𝑙𝑔𝑟𝑜𝑠𝑠𝑘 and 𝑞3 is the optimum lag 

selected for 𝑙ℎ𝑑𝑖. In selecting the optimum lags, we use the Schwarz (1978) information criterion.  
The bounds tests based on Pesaran et al. (2001) are then used to test for the existence of a 

long-run relationship. Specifically, it compares the ARDL model's F-statistics with the critical 
values reported in Pesaran et al. (2001). If the F-statistics exceed the upper boundaries of the critical 
values, the null hypothesis of no cointegration is rejected. Table 3 displays the outcomes of the 
Bounds test.  

The ARDL error correction form for the long-run model is presented in Equation 3.  

𝑙𝑔𝑑𝑝𝑡 = (𝜌 + 𝛽1𝑙𝑔𝑑𝑝𝑡 + 𝛽2𝑔𝑖𝑡 + 𝛽3𝑙𝑔𝑟𝑜𝑠𝑠𝑘𝑡 + 𝛽4𝑙ℎ𝑑𝑖𝑡) + 𝐸𝐶𝑇𝑡  (3) 

The short-run model is presented in Equation 4.  
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𝑙𝑔𝑑𝑝𝑡 = 𝜑 + ∑ 𝛼𝑖1∆𝑙𝑔𝑑𝑝𝑡−𝑖
𝑝
𝑖=1 + ∑ 𝛼1∆𝑔𝑖𝑡−𝑖

𝑞1
𝑖=1 + ∑ 𝛼1∆𝑙𝑔𝑟𝑜𝑠𝑠𝑘𝑡−𝑖

𝑞2
𝑖=1 + ∑ 𝛼1𝑙ℎ𝑑𝑖𝑡−𝑖

𝑞3
𝑖=1 +

𝜃𝐸𝐶𝑇𝑡−1 + 𝜖𝑡  (4) 

where θ, also known as the error correction term, denotes how quickly the system returns to 
equilibrium following a shock. 
 

Results and Discussion 

The descriptive statistics are presented in Table 1. For the period of  the study, real GDP in constant 
2017 dollars averaged 917 billion dollars, with a maximum of  2.2 trillion dollars. Within the period, 
globalisation, as measured by the KOF Globalisation Index (KOFGI), averaged 55.54. The years in 
which Turkiye scored the least in globalisation were 1970 and 1971, with a globalisation index score 
of  38. Since then, Turkiye has become more globalised, with its globalisation index peaking at 72% 
in 2014. Of  all the dimensions of  globalisation, Turkiye is more globalised politically, with its political 
globalisation averaging 77.82, with a maximum of  92.4 and a minimum of  59.41. This is higher than 
the average level of  political globalisation in high-income countries. The Human Development Index 
(HDI) in Turkiye between 1970 and 2021 averaged 0.61 with a standard deviation of  0.14, while the 
share of  gross capital formation (grossk) averaged 0.23 with a standard deviation of  0.05. For the 
estimations, all variables are transformed using the natural logarithm function.  
 

Table 1. Descriptive statistics 
 

gdp  Kofg dfag djag egli sgli pgli hdi grossk 

Mean 9.17e+05 55.54 50.14 60.94 43.98 44.82 77.82 0.61 0.23 
Standard deviation 5.72e+05 12.04 11.99 12.23 10.96 13.88 12.22 0.14 0.05 
Min 2.61+05 37.89 32.97 42.80 26.71 27.48 59.41 0.35 0.14 
Max 2.24e+06 71.89 68.38 77.54 57.74 66.67 92.40 0.84 0.38 
Observation 50 50 50 50 50 50 50 50 50 

 
Stationarity test 

The stationarity test is one of the most important considerations in time series modelling. In this 
study, we use the Augmented Dickey-Fuller test of Dickey and Fuller (1981), and its variants. This 
is because the existence of a unit root invalidates mean reversion. Also, the presence or absence of 
unit roots can help determine the data-generating process of a series and whether the trend is 
deterministic or stochastic (Phillips & Perron, 1988). The ADF test corrects for autocorrelation by 
including the lagged terms of the series, while the Phillips-Perron test extends the ADF test by 
correcting for heteroscedasticity. The stationarity results are presented in Table 2.  
 

Table 2. Unit Root Tests 

Variable 
ADF I(0) 
Intercept 

ADF I(0) 
Trend 

PP I(0) 
Intercept 

PP I(0) 
Trend 

ADF I(1) 
Intercept 

ADF I(1) 
Trend 

PP I(1) 
Intercept 

PP I(1) 
Trend 

Lgdp -0.13 -2.71 -0.11 -2.83 -6.77*** -6.70*** -6.77*** -6.69*** 
Lgrossk -2.16 -2.14 -2.15 -2.144 -6.88*** -6.79*** -6.88*** -6.79*** 
Lkofo -1.27 -0.53 -1.29 -0.59 -6.60*** -6.75*** -6.60*** -6.75*** 
Ldfag -0.77 -1.78 -0.77 -1.85 -6.69*** -5.44*** -6.76*** -6.73*** 
Ldiag -1.55 -0.03 -1.44 -0.42 -5.25*** -5.44*** -5.24*** -5.43*** 
Legli -1.57 -1.06 -1.49 -0.94 -7.71*** -5.45*** -7.71*** -7.88*** 
Lsgli -0.67 -2.32 -0.50 -2.32 -5.98*** -5.93*** -5.97*** -5.931*** 
Lpgli -1.06 -1.94 -1.14 -1.43 -2.51 -2.55 -7.86*** -7.91*** 
Lhdi -5.77*** -2.59 -5.26*** -2.44 -4.45*** -6.23*** -4.61*** -6.36*** 

Notes: *,**and***represent significance at 1%, 5% and 1% levels, respectively  

 
From Table 2, both tests fail to reject the null of a unit root at levels for all variables except 

the log of the human development index, which is found to be intercept-stationary. Taking the first 
difference, however, the null of a unit root is rejected at all levels of significance for all the variables 
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except for the lpgli. The ADF fails to reject the unit root for the lpgli even after the first differencing. 
As such, it was dropped as likely to be integrated of the second order.  

As shown in Table 3, the estimated F-statistics exceed the upper bound for all models. This 
implies the existence of a long-run level relationship among our variables.  

 
Table 3. Cointegration Tests 

Model Empirical model 
Optimum 

lag 
F-statistic 

Lower 
bound 

Upper 
bound 

Model 1 𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑙𝑘𝑜𝑓𝑔, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) 1, 3,3,0 15.57*** 3.65 4.66 

Model 2 𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑙𝑑𝑓𝑎𝑔, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) 1,2,2,1 5.64*** 3.65 4.66 

Model 3 𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑙𝑑𝑗𝑎𝑔, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) 1,1,0,1 20.42*** 3.65 4.66 

Model 4 𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑙𝑒𝑔𝑙𝑖, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) 4,3,3,0 16.55*** 3.65 4.66 

Model 5 𝑙𝑛𝑔𝑑𝑝 = 𝑓(𝑙𝑠𝑔𝑙𝑖, 𝑙ℎ𝑑𝑖, 𝑙𝑔𝑟𝑜𝑠𝑠𝑘) 2,3,2,1 4.80*** 3.65 4.66 

Notes: *,**and***represent significance at 1%, 5% and 1% levels, respectively  
 

Table 4. Long-Run Coefficients from the ARDL Models 

 Model 1 Model 2 Model 3  Model 4 Model 5 

C 12.77*** 13.99*** 12.33*** 15.57*** 13.61*** 

Lkofg 0.66**     

Ldfag  0.48    

Ldjag   0.81   

Legli    0.09  

Lsgli     0.47 

Lhdi 1.79*** 2.08** 1.78*** 2.35*** 2.03** 

Lgrossk 0.53*** 0.63*** 0.59*** 0.64*** 0.40** 

Notes: *,**and***represent significance at 1%, 5% and 1% levels, respectively  

 
Table 5. Short Run Coefficients of the ARDL Models 

 Model 1 Model 2 Model 3 Model 4 Model 5 

𝐷(𝐿𝐺𝐷𝑃(−1))    -0.09 0.17* 

𝐷(𝐿𝐺𝐷𝑃(−2))    -0.10  

𝐷(𝐿𝐺𝐷𝑃(−3))    -0.18**  

𝐷(𝐿𝐾𝑂𝐹𝐺) -0.70***     

𝐷(𝐿𝐾𝑂𝐹𝐺(−1)) -0.64***     

𝐷(𝐿𝐾𝑂𝐹𝐺(−2)) -0.66***     

𝐷(𝐿𝐷𝐹𝐴𝐺)  -0.16    

𝐷(𝐿𝐷𝐹𝐴𝐺(−1))  -0.23*    

𝐷(𝐿𝐷𝐽𝐴𝐺)   -0.32   

𝐷(𝐿𝐸𝐺𝐿𝐼)    -0.43***  

𝐷(𝐿𝐸𝐺𝐿𝐼(−1))    -0.28***  

𝐷(𝐿𝐸𝐺𝐿𝐼(−2))    -0.23***  

𝐷(𝐿𝑆𝐺𝐿𝐼)     0.05 

𝐷(𝐿𝑆𝐺𝐿𝐼(−1))     -0.18 

𝐷(𝐿𝑆𝐺𝐿𝐼(−2))     -0.39*** 

𝐷(𝐿𝐻𝐷𝐼) 0.98** 1.19***  1.06** 1.52*** 

𝐷(𝐿𝐻𝐷𝐼(−1)) -1.19** -0.90**  -0.98** -1.06*** 

𝐷(𝐿𝐻𝐷𝐼(−2)) -0.69*   -0.68  

𝐷(𝐿𝐺𝑅𝑂𝑆𝑆𝐾)  0.21*** 0.23***  0.19*** 

𝐸𝐶𝑇(−1) ∗ -0.36*** -0.12*** -0.12*** -0.31*** -0.15*** 

𝑅 − 𝑠𝑞𝑢𝑎𝑟𝑒 0.99 0.99 0.99 0.99 0.71 

𝐵𝐺 𝑇𝑒𝑠𝑡 0.32 1.44 0.42 0.06 1.09 

𝐵𝑟𝑒𝑢𝑠𝑐ℎ − 𝑃𝑎𝑔𝑎𝑛 1.02 0.67 1.33 1.27 1.19 

Notes:*,**and***represent significance at 1%, 5% and 1% levels, respectively  
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Table 4 shows the long-run estimation results. The estimation results show that the human 

development index (𝑙ℎ𝑑𝑖) and gross capital formation (𝑙𝑔𝑟𝑜𝑠𝑠𝑘) are statistically significant and 
economically meaningful in all models. However, the impact of globalisation on growth measures 
is only significant in Model 1, namely the aggregate globalisation index (lkogf). This finding implies 
that in the long-run estimation, only total globalisation significantly affects GDP growth, assuming 
all other factors remain constant. This finding is consistent with the findings of Bayar and 
Dabakoğlu (2023) and Koyuncu and Sarıtaş (2017), which document the positive long-run impact 
of globalisation on economic growth. The control variables, HDI, and gross capital formation are 
also found to have a consistent positive impact on economic growth. This is in line with the theory 
and evidence documented by Ulas and Keskin (2017) and Tunali and Boru (2019). The short-run 
model is presented in Equation 4. The results of Model 4 testing indicate a negative and significant 
short-run impact of economic globalisation on growth. Model 5, which examines the impact of 
social globalisation, documents a significant but negative impact of social globalisation on growth 
with a time lag. 

Table 5 shows that aggregate globalisation is a disincentive to growth in the short run. The 
contemporaneous, first, and second lags of aggregate globalisation are found to be negative and 
statistically significant at the 1% level. The de facto globalisation index indicates a weak yet 
significant negative impact on growth, with an insignificant contemporaneous term, whereas the 
de jure index is negative but insignificant. The de jure index captures formal regulatory 
globalisation, which involves the removal of trade barriers and the establishment of diplomatic 
relations. In contrast, the de facto index measures the actual impact in terms of trade and openness. 
This indicates a gap between policy and practice in Turkey's engagement with globalisation. 
Essentially, the institutional infrastructure required to translate globalisation policies into impactful 
economic activity needs improvement.  

This finding is consistent with the findings of  Atiyas (2012), who noted a sectoral difference 
in Turkish deregulation, resulting in a divergence between de jure rules and de facto implementation. 
Ucer and Acemoglu (2015) also note that Turkiye has, at various points, adopted the formal 
architecture of  an open, liberalised economy without delivering the institutions that enable firms to 
translate openness into investment and growth, especially after the collapse of  EU accession talks. 
Also, it is noted in Acemoğlu and Üçer (2021) that Turkish is riddled with institutional frictions that 
prevent formal trade and investment liberalisation (de jure) from generating the required spillovers, 
while the de facto trade flows remain insufficient to drive sustained growth  

These impacts could be seen as an adjustment phenomenon reflecting the structural 
vulnerabilities that make short-run openness costly. For example, Turkiye is considered to be 
considerably dependent on external sources of energy and intermediate goods, and it experiences 
a rise in the current account deficit during periods of high economic growth (Gür et al., 2019). This 
dependency means that deeper economic integration, by expanding trade and investment flows, 
initially increases import bills rather than spurring domestic productivity. Also, the welcoming of 
foreign capital during the liberalisation phase resulted in the overvaluation of the currency (Gür et 
al., 2019) and depressed output in the short run (Bilgili et al., 2024), even as globalisation deepens.  

Several factors could explain the lagged negative effect of social globalisation on economic 
growth. First, with social globalisation comes cross-border awareness of foreign goods, foreign 
earnings, and living standards. Awareness of foreign goods could increase the preference for them 
and, with a year or two lag, imports, thereby widening the current account deficit and compressing 
output. Also, social globalisation also exposes the populace to the pay scales and living standards 
of other countries, which could lead to the classic phenomenon of “brain drain” while globalisation 
often leads to Cosmopolitization of society, with its negative impact on social trust (Seitova & 
Kovacs, 2025). This results in a degradation of informal coordination and trust networks that 
reduce transaction costs, before formal institutional substitutes are in place. Together, these 
channels could explain the short-run cost of social globalisation materialising, albeit with a delay. 
These findings possible to pass the verdict that globalisation, in its various forms, overall, de facto, 
economic and social, is inimical to growth in Turkey in the short run but has a positive impact in 
the long run with differing levels of significance.  
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On the control variables, the consistently positive and significant long-run coefficient on 
HDI across all models confirms that human capital is a robust enabler of growth in Türkiye, a 
finding aligned with the earlier work of Utkulu and Özdemir (2004) and consistent with the 
endogenous growth literature. As to whether human capital has a mediating role in transforming 
short-term globalisation costs into long-term gains, Prasad et al. (2003) contend that the effects of 
FDI, a key component of globalisation, on growth are dependent on human capital, with countries 
that meet a certain HDI threshold found to translate FDI into growth much more seamlessly. In 
the case of Turkiye, the HDI averaged 0.61 over the study period, rising to 0.84 by 2019. The 
UNDP classifies countries with HDI values above 0.80 as "very high", a threshold Türkiye began 
approaching only toward the end of the sample. This trajectory is consistent with the finding that 
globalisation's aggregate effect is positive only in the long run. As HDI has risen over time, 
Türkiye's capacity to absorb and capitalise on globalisation has progressively improved. 

The Error Correction Term (ECT) for all the models is theoretically and statistically 
significant. For Model 1, the ECT is -0.36. This indicates that approximately 36% of any shock to 
the model is corrected within a year, and the economy returns to equilibrium within approximately 
2.8 years. For Models 2 and 3, the adjustment is much slower, taking approximately 8.3 years. 
Model 4 implies approximately 3.2 years for full adjustment. These imply that the speed of 
adjustment varies across models but consistently confirm the existence of a stable long-run 
equilibrium relationship.  

To check for the stability of the model coefficients, the classic CUSUM test by (Page, 1954) 
is used. Figure 5 presents the CUSUM plot for Model 1.  

 

 

Figure 5. CUSUM Parameter Stability Tests 
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As depicted in Figure 5 Panel A, Model 1 is stable with the cumulative sum (CUSUM) of 
recursive residuals remaining within the 5% significance bounds throughout the entire sample 
period (1970–2019), confirming the structural stability of the estimated parameters. Similar stability 
is observed across Models 2 to 5 as depicted in Panels B to E. 
 

Conclusion  

The empirical analysis using the ARDL bounds approach finds that overall globalisation, as 
measured by the aggregate KOF globalisation index, is an incentive for long-run GDP growth. 
However, it is found to be a disincentive to short-run GDP growth in Türkiye. The other measures 
of globalisation, de facto, de jure, economic, and social globalisation, are found to have no 
significant impact on GDP growth in the long run. Their impact in the short run, however, is 
mixed. For example, while the de facto and de jure aggregate globalisation measures are 
insignificant, the economic and social globalisation is found to have a negative impact on GDP 
growth in the short run.  

A central vulnerability exposed by the short-run results is Turkiye's susceptibility to hot-
money flows and exchange-rate volatility. The IMF has recommended restricting foreign currency 
borrowing without natural hedges, and in the event of tail risks materialising, allowing an orderly 
depreciation of the exchange rate while letting automatic stabilisers play out IMF (2018). Another 
approach could be to extend and institutionalise the Reserve Option Mechanism, which has been 
shown to have a stabilising role on excessive exchange rate movements (Çelik & Oğuş Binatlı, 
2022). This would constitute a market-friendly automatic buffer against the sudden stops that 
amplify the short-run costs of financial globalisation. 

To ameliorate the short-term impact of social globalisation, a basic social safety net 
alongside investments in health and education will go a long way to spur high-quality and shared 
growth (Acemoğlu & Üçer, 2021). Lastly, undifferentiated, rapid deepening of economic and social 
globalisation should not be pursued without the domestic preconditions to absorb them. The 
disaggregated results offer a clear, if nuanced, strategic guide for Türkiye's globalisation policy. Not 
all dimensions of globalisation are equally growth-oriented, and policymakers should calibrate their 
engagement accordingly. 
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Abstract 

Purpose — Understanding extreme downside risk is particularly 
important in emerging equity markets, where higher market volatility, 
lower liquidity, and weaker information environments make stock prices 
more vulnerable to sudden, severe crashes. This study examines 
downside risk, stock price crash risk, and lower-tail return dynamics 
using firm-level stock return data for firms listed in the Pakistan Stock 
Exchange over the period 2014–2024.  

Method — Using panel regression and quantile regression techniques, 
the study investigates the determinants of crash risk and assesses the 
predictive role of downside risk for future equity returns.  

Findings — The results indicate that downside risk is strongly associated 
with a higher likelihood of  extreme negative return realisations, while its 
effect on average returns remains limited. Quantile-based estimates further 
show that the impact of  downside risk intensifies substantially in the lower 
tail of  the return distribution, highlighting pronounced return 
asymmetries. These patterns persist across both financial and non-financial 
firms, although their magnitude varies with market conditions.  

Implications — The results carry important implications for investors, 
regulators, and risk managers concerned with downside protection and 
the identification of early warning signals in emerging equity markets. 

Originality — This study provides new firm-level evidence from an 
emerging equity market by jointly examining downside risk, crash risk, 
and return tail behaviour within a unified empirical framework by using 
quantile regression. 

Keywords — Downside Risk, Crash Risk, Return Asymmetry, Quantile 
Regression, Emerging Markets 

 

Introduction 

The stability of emerging equity markets has become a major focus of global financial research, 
especially as these markets face significant economic and political changes worldwide (Arkol & 
Azimli, 2024; Bekaert et al., 2023). In asset pricing and risk management, the conventional 
dependence on mean-variance frameworks has often been inadequate when confronted with black 
swan events, unexpected, non-linear declines in asset valuations that contradict standard 
distribution assumptions. This event, known as stock price crash risk, is one of the biggest threats 
to the wealth of investors and the integrity of the market (Ring, 2023). The theoretical motivation 
for investigating crash risk is deeply rooted in the bad news hoarding hypothesis (Askarzadeh et 
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al., 2024). However, there is a physical limit to information suppression. In markets with a lot of 
information asymmetry and weak institutional oversight, managers often have different reasons to 
keep bad news from the public. When the accumulated weight of undisclosed negative news 
reaches a tipping point, it enters the market simultaneously, triggering a catastrophic, rapid price 
correction (Cheng et al., 2025). Researchers, investors, and regulators are paying increasing 
attention to these extreme events. Particularly, after a series of financial crises that revealed the 
limitations of traditional risk measures based on variance and mean returns (Ang et al., 2006; 
Harvey et al., 2010). Within this broader context, stock price crash risk has emerged as a critical 
concern in asset pricing and financial stability research (Dierkes et al., 2021; Kelly & Jiang, 2013; 
Stoja et al., 2025). Empirical studies document that crash risk is closely linked to asymmetric return 
distributions and negative skewness, implying that investors face disproportionate downside 
exposure even when average returns appear stable (Boehme et al., 2020; Goetzmann et al., 2022; 
Habib et al., 2018; Kelly & Jiang, 2013). As a result, understanding the determinants and 
consequences of crash risk has become central to modern equity market analysis. 

While the literature on downside and crash risk has expanded rapidly, much of the empirical 
evidence is concentrated in developed markets, where information disclosure standards, liquidity 
conditions, and investor protection mechanisms are relatively strong (Camilleri et al., 2020; 
Feldman & Kumar, 1995; Stereńczak, 2024). These structural features make emerging markets 
particularly vulnerable to abrupt price collapses, thereby increasing the relevance of downside and 
tail risks for both investors and regulators (Bae et al., 2006; Fernandes et al., 2024; Zhou et al., 
2023). Despite these stylised facts, systematic evidence on the interaction between downside risk, 
crash risk and tail behaviour in emerging equity markets remains relatively limited. The current 
literature’s predominant focus is on average effects. Traditional linear regression frameworks 
implicitly assume that risk factors exert uniform influences across the return distribution. However, 
growing evidence indicates that the pricing and transmission of risk are highly asymmetric, with 
substantially stronger effects in the lower tail of the distribution (Adrian et al., 2023; Sneller, 2025). 
Quantile-based approaches provide a more suitable framework for capturing these nonlinear 
dynamics, particularly when the primary interest lies in extreme downside outcomes rather than 
central tendencies. Quantile regression provides a granular view of the tail that standard OLS-based 
panel models typically overlook (Hoque et al., 2024). 

A significant gap exists in the current literature regarding the predictive role of downside 
risk in the context of the emerging economy. Although volatility and systematic risk have been 
thoroughly examined, the factors influencing firm-level crash risk and the extent to which investors 
receive sufficient compensation for assuming this risk remain underexplored. The current study 
also investigates downside risk and crash risk by differentiating financial and non-financial firms. 
Financial institutions, which have strict capital requirements and are closely monitored by 
regulators, may have different crash risk profiles from non-financial firms, which are more sensitive 
to operational leverage and supply chain shocks (Bagh et al., 2025). This study contributes to the 
literature in several ways. First, this study contributes to the global discourse on the downside risk 
premium. In efficient markets, investors should theoretically demand higher returns for stocks that 
exhibit significant downside beta. The current study extends the downside risk and crash risk 
literature by providing new evidence from an emerging market setting. Second, by jointly examining 
financial and non-financial firms, the insights offer a more comprehensive view of crash risk across 
sectors within the same market. Third, the use of quantile regression allows us to move beyond 
mean-based inference and directly assess how downside risk influences the lower tail of the return 
distribution. The findings of the study highlight the importance of tail-oriented risk measures for 
understanding equity market behaviour in emerging economies. 

Early asset pricing theories implicitly assumed that investors are primarily concerned with 
the variance of returns, treating positive and negative deviations symmetrically. However, 
subsequent research challenged this assumption by demonstrating that investors exhibit 
asymmetric preferences, placing greater weight on downside outcomes (Arnott & McQuarrie, 2025; 
Gao et al., 2025). This recognition led to the development of downside risk measures that focus 
on returns falling below a specified threshold or target (Markowski, 2024). Empirical evidence 
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further shows that negative return realisations carry disproportionate economic and psychological 
costs, making downside risk a more relevant measure of risk than total volatility (Stoja et al., 2025; 
Zourai, 2022). Risk type significantly influences financial performance (Suseno & Bamahriz, 2017). 
This phenomenon is particularly pronounced in emerging markets, where return distributions often 
exhibit stronger negative skewness and kurtosis than in developed markets, suggesting a higher 
propensity for extreme negative returns (Barunik & Nevrla, 2018; Calomiris & Mamaysky, 2019). 
This asymmetry of returns, where large upward movements are not as equally matched by large 
drawdowns, highlights the importance of considering downside co-moments in asset pricing 
models, especially during periods of market stress (Markowski, 2024; Xu, 2018). These features 
imply that average returns fail to fully reflect investors’ exposure to extreme losses. While this 
literature establishes the importance of downside risk, most empirical analyses focus on developed 
markets. In emerging markets, where liquidity constraints and delayed information dissemination 
are more prevalent, downside risk is likely to play a more pronounced role in shaping return 
behaviour. Moreover, existing studies often rely on mean-based estimation techniques, which may 
obscure the impact of downside risk on extreme return realisations. Therefore, the first hypothesis 
of the study is 
H1: Firm-level downside risk is positively associated with the likelihood of extreme negative stock 

returns. 
 

The concept of stock price crash risk is closely tied to theories of information hoarding 
and asymmetric disclosure. Jin and Myers (2006) argue that managers have incentives to withhold 
adverse information, leading to the accumulation of undisclosed bad news that is eventually 
released in a concentrated manner, resulting in stock price crashes. This framework has been widely 
adopted and empirically validated in subsequent studies, which show that firms with higher opacity 
and weaker monitoring are more prone to crash events (Andreou et al., 2023; Liu et al., 2024). 
Salles (2021) reported firm-level risk is not diversifiable in emerging markets. Crash risk has been 
operationalised using distribution-based measures such as negative conditional skewness and 
down-to-up volatility, both of which capture the asymmetry of firm-specific returns (Benkraiem et 
al., 2022; Fiordelisi et al., 2023). Empirical findings suggest that crash risk is not merely a reflection 
of volatility but represents a distinct risk dimension linked to downside tail behaviour. However, 
most of this evidence is drawn from developed markets with relatively strong disclosure regimes 
and institutional frameworks. 

Emerging markets differ markedly in this respect. Weaker investor protection, 
heterogeneous disclosure practices, and episodic liquidity shortages may intensify the buildup and 
release of negative information, thereby amplifying crash risk. Yet, comparative evidence on crash 
risk dynamics across financial and non-financial firms within emerging markets remains scarce, 
which leads to the formation of the hypothesis of the study: 
H2: Higher downside risk is associated with greater stock price crash risk at the firm level. 

 

A central question in asset pricing is whether investors are compensated for bearing 
downside risk. While traditional models focus on the pricing of systematic volatility, recent studies 
suggest that downside risk may contain predictive information for future returns, particularly 
during adverse market conditions (Ang et al., 2006). These findings imply that downside risk may 
influence expected returns through channels that are not captured by standard risk factors. 

However, empirical evidence on downside risk predictability remains mixed. Globalisation 
alters the risk structure, potentially influencing tail risk and crash probability in financial markets 
(Said et al., 2027). Some studies find that downside risk commands a risk premium, while others 
report weak or insignificant effects on average returns (Barunik & Nevrla, 2018; Dai & Harris, 
2023). One explanation for these inconsistencies is the reliance on mean-based regression 
frameworks, which may hide heterogeneous effects across the return distribution. 

In emerging markets, downside events are more frequent and severe. So, the predictive role 
of downside risk may be concentrated in the lower tail rather than the conditional mean. Yet, this 
possibility has received limited empirical attention, particularly in studies using firm-level data, and 
this leads to the formulation of the next hypothesis: 
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H3: Downside risk has limited explanatory power for average stock returns but significantly 
predicts lower-tail return outcomes. 

 
Recent advances in financial econometrics emphasise the importance of  examining risk-

return relationships across the entire return distribution. Quantile regression techniques, introduced 
by Koenker and Bassett (1978), allow for the capture of  heterogeneous effects that vary across 
different market states. Applications in finance demonstrate that risk factors often exert stronger 
influences during periods of  market stress, particularly in the lower tail of  the return distribution 
(Arnott & McQuarrie, 2025). Tail-focused measures such as value at risk and expected shortfall 
provide additional insights into extreme downside exposure that cannot be inferred from variance-
based metrics alone. While these measures are widely used in risk management, their integration into 
firm-level return analysis in emerging markets remains relatively underdeveloped. Given the structural 
characteristics of  emerging equity markets, it is reasonable to expect that downside risk exerts a 
disproportionately stronger effect on extreme negative returns than on central or upper quantiles. 
H4: The impact of downside risk on stock returns is significantly stronger in the lower tail of the 

return distribution than at the mean. 
 
Financial firms differ from non-financial firms in terms of  leverage, regulatory oversight, and 

sensitivity to market-wide shocks, which may influence their exposure to downside and crash risk. 
Prior studies suggest that financial firms are particularly vulnerable to tail events due to balance-sheet 
interconnectedness and maturity mismatches (Aufiero et al., 2025; Ellul et al., 2022; Stoja et al., 2025). 
However, empirical evidence comparing crash risk dynamics across financial and non-financial firms 
within the same emerging market remains limited. Understanding whether downside and crash risk 
behave differently across sectors is crucial for both portfolio allocation and regulatory supervision, 
especially in markets where financial institutions play a central role in economic stability. 
H5: The magnitude of downside and crash risk effects differs between financial and non-financial 

firms. 
 

Methods 

The study employs a well-balanced panel constructed from monthly stock price data of  firms listed 
on the KSE-100 Index over the period 2014–2024. o. The initial universe includes all companies that 
were constituents of  the index during the sample period. To ensure consistency and reliability of  
return calculations, firms with insufficient trading history, prolonged trading suspensions, or missing 
price observations were excluded. After applying these filters, the final sample consists of  85 non-
financial firms with continuous return data. Stock prices are used to compute firm-level excess 
returns, downside risk measures, and crash indicators. Each firm contributes 132 monthly 
observations, resulting in a balanced panel suitable for panel and quantile regression analysis. The 
sample covers a broad cross-section of  industries, with financial firms (banking and insurance) 
representing approximately 20% of  firm-month observations while non-financial firms comprise the 
remaining 80%, providing sufficient cross-sectional variation to examine heterogeneity in downside-
risk effects across firm types. Stock returns are computed using monthly closing prices, and excess 
returns are calculated by subtracting the contemporaneous risk-free rate. Market excess returns are 
measured using the value-weighted market index minus the risk-free rate. This construction follows 
standard asset-pricing practice (Ang et al., 2006; Fama & French, 2015). Downside risk is measured 
as the firm-level standard deviation of  negative excess returns, capturing exposure to adverse return 
realisations while excluding upside volatility. Formally, downside risk is computed as: 

𝐷𝑅𝑖 =  √
1

𝑁𝑖−1
∑ (𝑅𝑖𝑡 −  𝑅̅𝑖𝑡)2

𝑡:𝑅𝑖𝑡<0   (1) 

where 𝑅𝑖𝑡 denotes the firm 𝑖’s excess return in month 𝑡, and the summation is taken only over 
periods in which returns are negative. To capture extreme negative return events, a crash indicator 
is constructed following the tail-event literature (Chen et al., 2001; Kelly & Jiang, 2013). A firm-
month observation is classified as a crash if the excess return falls into the bottom 5% of the 
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empirical return distribution. This binary indicator enables the analysis to distinguish between 
normal negative returns and extreme downside realisations, both of which are central to crash-risk 
studies. To examine the relationship between downside risk and crash probability, panel logit 
models are estimated. First, a fixed-effects logit model is employed to control for unobserved firm-
specific heterogeneity. However, due to the time-invariant construction of downside risk, this 
variable is omitted in the fixed-effects specification, reflecting a well-known identification 
limitation of nonlinear fixed-effects estimators (Wooldridge, 2002). Accordingly, the main crash-
risk tests rely on a random-effects logit model, which allows the inclusion of firm-specific 
characteristics such as downside risk: 

P(𝐶𝑟𝑎𝑠ℎ𝑖𝑡 = 1) =  𝛬(𝛼 + 𝛽1𝐷𝑅𝑖 + 𝛽2𝑀𝐾𝑇𝑡 + 𝑢𝑖)  (2) 

This approach is consistent with prior crash-risk studies that incorporate time-invariant 
firm attributes (Hutton et al., 2009; Kim et al., 2011). To assess whether downside risk is priced in 
average returns, a fixed-effects panel regression is estimated. The model is as follows: 

𝑅𝑖𝑡 = 𝛼𝑖 + 𝛽1𝐷𝑅𝑖 + 𝛽2𝑀𝐾𝑇𝑡 + 𝜀𝑖𝑡 (3) 

Given the firm-specific nature of downside risk, the variable is collinear with firm fixed 
effects and therefore omitted from the estimation. This outcome is informative, indicating that 
downside risk does not explain within-firm variation in mean returns. This interpretation is 
consistent with findings in Fama and French (2015), who argue that not all forms of risk command 
an average return premium. 

To capture distributional asymmetries and tail dependence, represented by H1, H3, and H4, 
a quantile regression is employed in accordance with (Koenker & Bassett, 1978). The baseline 
quantile regression specification is as follows: 

𝑄𝜏( 𝑅𝑖𝑡 ∣∣ 𝑋𝑖𝑡 ) = 𝛼𝜏 + 𝛽𝜏
𝐷𝑅𝐷𝑅𝑖 + 𝛽𝜏

𝑀𝐾𝑇𝑀𝐾𝑇𝑡 (4) 

Models are estimated at the 10th, 25th, and 50th percentiles. This approach is widely used in 
tail-risk and asset-pricing research to uncover asymmetric risk–return relationships (Bollerslev et 
al., 2009; Giglio et al., 2016).  

To test whether downside-risk effects differ across firm types (H5), firms are classified as 
financial or non-financial based on industry affiliation. Financial firms include banking and 
insurance companies, consistent with prior studies on systemic and tail risk (Brunnermeier & 
Oehmke, 2013). Heterogeneity is examined using an interaction-based quantile regression: 

𝑄0.10(𝑅𝑖𝑡) = 𝛼 + 𝛽1𝐷𝑅𝑖 + 𝛽2𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙𝑖 + 𝛽3(𝐷𝑅𝑖 × 𝐹𝑖𝑛𝑎𝑛𝑐𝑖𝑎𝑙𝑖) + 𝛽4𝑀𝐾𝑇𝑡 (5) 

This specification allows the magnitude of downside-risk effects to differ between financial 
and non-financial firms while maintaining a unified estimation framework. Standard errors are 
clustered at the firm level to account for within-firm dependence over time. The consistency of 
results across fixed-effects, random-effects, and quantile-based estimators mitigates concerns 
regarding model misspecification or outlier-driven inference. 
 

Results and Discussions  

Downside risk is computed as the firm-level standard deviation of negative excess returns. The 
panel is strongly balanced with 132 monthly observations per firm. The empirical analysis is 
conducted on a well-balanced panel of firm-level monthly data comprising 11,352 observations 
from January 2014 to December 2024. The sample spans twelve industries, with financial firms 
accounting for approximately 20% of firm-month observations. This structure provides sufficient 
variation to examine downside risk, crash risk, and return distribution asymmetries. Table 1 reports 
descriptive statistics for the main variables used in the analysis.  

Firms exhibit substantial heterogeneity in downside risk exposure. The upper bound 
(0.255) reflects firms with severe exposure to adverse return realisations. The findings confirm that 
downside risk is well-defined and economically meaningful.  

 



Asymmetric return dynamics and stock price crash risk: … (Arif et al.) 111 

Table 1. Descriptive Statistics 

Variable Obs. Mean Std. Dev. Min Max 
Excess stock return  11,352 -.0026 .1158 -2.03 1.013 
Market excess return  11,352 .0021 .0586 -.269 .147 
Downside risk 11,352 0.068 0.027 0.00 0.255 
Crash indicator 11,352 - - 0 1 

 
Table 2 reports quantile regression estimates at the 10th percentile of the return distribution. 

The coefficient on downside risk is negative, large in magnitude, and highly statistically significant, 
indicating that firms with greater downside exposure experience substantially more severe losses 
during extreme negative return realisations. Standard errors are heteroskedasticity-robust. This 
result provides strong support for hypothesis 1, confirming that downside risk is a key determinant 
of extreme adverse equity outcomes. 
 
Table 2. Quantile Regression Estimates at the 10th Percentile of the Excess Return Distribution 

Variable Coefficient Std. Error t-stat p-value 

Downside risk −0.786 0.064 −12.24 0.000 
Market excess return 0.864 0.028 30.65 0.000 
Constant −0.059 0.005 −12.43 0.000 

 
Table 3 presents panel logit estimates examining the relationship between downside risk 

and crash probability. In fixed-effects specifications, downside risk is omitted because it is time-
invariant. Random effects are specified at the firm level, allowing the inclusion of firm-specific 
characteristics that are time-invariant over the sample period. The coefficient on downside risk is 
positive, indicating that firms with greater exposure to adverse return fluctuations are more likely 
of experience crashes. However, the estimate is not statistically significant at conventional levels, 
indicating that the influence of downside risk is not uniform across states of the return distribution. 
Consistent with the fixed-effects logit estimates, the coefficient on market excess returns is large, 
negative, and highly statistically significant (z =−17.68, p<0.01). This finding implies that 
deteriorating market conditions substantially increase the likelihood of firm-level crash events. The 
result underscores the dominant role of systematic market stress in triggering extreme downside 
outcomes, even after controlling for firm-specific risk characteristics. The estimated variance of 

the random effects (σᵤ = 0.587) is statistically significant, and the intra-class correlation coefficient 
(ρ ≈ 0.095) indicates that approximately 9.5% of the unexplained variation in crash risk is 
attributable to persistent firm-level heterogeneity. This confirms the relevance of accounting for 
unobserved firm-specific effects in crash-risk modelling. The market excess returns exert a strong 
and highly significant effect, highlighting the central role of systematic market downturns in driving 
extreme negative return realisations. The significance of the random-effects variance further 
confirms the presence of persistent firm-level heterogeneity in crash risk. 

 
Table 3. Downside Risk and Crash Probability 

logit estimates  Variable Coefficient Std. Error z-stat p-value 

Panel A: Fixed-Effects Logit Downside risk Omitted    
Market excess return  Market excess return −17.740***    
Panel B: Random-Effects Logit Downside risk 12.226 8.174 1.50 0.135 
Crash indicator Market excess return −17.683 1.406 −12.58 0.000 

Notes: entries in *** are significant at 1% significance level. 

 
Table 4. Fixed-Effects Regressions of Average Excess Returns 

Variable Coefficient Std. Error t-stat p-value 

Downside risk Omitted    
Market excess return 0.947 0.048 19.73 0.000 
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Table 4 reports fixed-effects regression results for average excess returns. The findings 
indicate that market excess returns remain the dominant determinant of average return dynamics. 
The coefficient on downside risk is omitted due to collinearity, reflecting that downside risk is 
treated as a firm-specific, time-invariant characteristic. This result implies that downside risk does 
not help explain within-firm variation in average returns over time, consistent with the hypothesis 
that downside risk is not systematically priced in the conditional mean of returns. In contrast, the 
coefficient on market excess returns is positive, large, and statistically significant (β = 0.947, t = 
19.73, p < 0.05). The within R² of 0.23 indicates that approximately 23% of the within-firm 
variation in excess returns is explained by market movements. The result directly supports that 
Downside risk is not priced in average returns, as it does not explain within-firm return variation 
once firm fixed effects are accounted for. Further, systematic market risk dominates the conditional 
mean; the economic relevance of downside risk therefore lies outside the mean.  
 

Table 5. Quantile Regression across the Return Distribution 

Variable τ = 0.10 τ = 0.25 τ = 0.50 

Downside risk −0.786*** −0.142*** −0.001 
Market excess return 0.864*** 0.876*** 0.896*** 
Pseudo R² 0.140 0.131 0.133 
Observations 11,103 11,103 11,103 

Entries in *** are significant at 1% significance level. 
 

Table 5 shows the test results of H3 and H4. It indicates that downside risk significantly 
predicts returns in the lower tail of the distribution, with strong effects at the 10th percentile and 
weaker but still significant effects at the 25th percentile. These results strongly support hypothesis 
3, which posits that downside risk is not priced in terms of average returns but is highly relevant 
during adverse return states. Return asymmetry and distributional effects (H4) test results of 
quantile regression estimates reveal a clear monotonic decline in the magnitude of downside-risk 
coefficients from the lower tail toward the centre of the return distribution. This attenuation 
indicates that downside risk primarily amplifies losses during extreme adverse states. The 
coefficient on downside risk at the median is economically negligible and statistically insignificant 
(β = −0.0014, t = −0.04, p = 0.967). This result indicates that downside risk has no discernible 
effect on median returns, implying that firms with higher downside exposure do not systematically 
earn higher or lower typical returns. In contrast, market excess returns remain positive and highly 
statistically significant (β = 0.896, t = 61.90, p < 0.01), confirming that systematic market 
movements dominate return dynamics around the median, consistent with standard asset pricing 
models. These findings indicate that downside risk is not priced in typical return outcomes, but 
instead materialises primarily during adverse states, highlighting pronounced return asymmetries. 

 
Table 6. Quantile Regression Estimates at τ = 0.10 with an Interaction Term 

Variable Coefficient Std. Error t-stat p-value 

Downside risk (non-financial firms) −0.518 0.063 −8.20 0.000 
Financial firm dummy 0.090 0.015 6.00 0.000 
Downside risk × Financial −1.110 0.228 −4.87 0.000 
Market excess return 0.856 0.026 32.33 0.000 

 
Table 6 reports quantile regression estimates incorporating an interaction between 

downside risk and a financial-firm indicator. The interaction term is negative and highly statistically 
significant, indicating that the adverse impact of downside risk on lower-tail returns is significantly 
stronger for financial firms than for non-financial firms. This finding provides strong support for 
Hypothesis 5 and suggests that financial institutions are particularly vulnerable to downside shocks 
during extreme market downturns. Consistent with prior specifications, market excess returns 
remain positive and highly statistically significant (β = 0.856, t = 32.33, p < 0.01), confirming the 
dominant role of systematic market conditions in shaping firm-level returns even in the lower tail. 
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The pseudo-R² of 0.146 suggests that the model explains a meaningful portion of the variation in 
lower-tail returns, which is notable given the inherent volatility of extreme returns. The statistically 
significant negative interaction term provides strong evidence of heterogeneity, indicating that 
downside risk has a significantly larger adverse impact on lower-tail returns for financial firms than 
for non-financial firms. 

 
Table 7. Robustness Check 

Variables Baseline Q10 Financial Control Bootstrap Q10 

Downside risk -0.779*** -0.694*** -0.779*** 
Market return 0.886*** 0.862*** 0.886*** 

Entries in *** are significant at 1% significance level. 
 

Table 7 presents the robustness checks of the empirical findings. The quantile regression 
model was re-estimated by including an industry control variable that distinguishes financial firms 
from non-financial firms. The results indicate that downside risk continues to exhibit a strong 
negative and statistically significant impact on stock returns in the lower quantile of the return 
distribution and confirm that the main results are robust to industry-specific effects. Additionally, 
bootstrap quantile regression was estimated using 200 replications. The results remain consistent 
with the baseline estimation as downside risk continues to exhibit a strong negative and statistically 
significant effect on stock returns in the lower quantile of the distribution (−0.779, p < 0.01). These 
findings confirm that the main results are robust to alternative estimation techniques and sampling 
variation.  

Summary of the Hypotheses Testing: 
Hypothesis Description Result 

H1 Downside risk → extreme negative returns Supported 
H2 Downside risk → crash probability Partial support 
H3 Not priced in mean, priced in tail Supported 
H4 Stronger tail effect than the mean Strongly supported 
H5 Financial vs. non-financial heterogeneity Supported 

 
The empirical results provide strong evidence that downside risk is closely linked to 

extreme negative return realisations, rather than to average return dynamics. These findings are 
especially relevant for emerging equity markets, where structural vulnerabilities and information 
frictions magnify tail risk (Arkol & Azimli, 2024; Bekaert et al., 2023). These results align closely 
with foundational and recent evidence emphasising downside and tail risk in asset pricing. In 
particular, Ang et al. (2006) and Ang et al. (2009) demonstrate that downside risk and volatility 
asymmetries become economically meaningful during market downturns. More recent studies also 
document that tail risk is a dominant feature of equity markets facing heightened macroeconomic 
and political uncertainty (Ammann et al., 2023; Stoja et al., 2025). By providing firm-level evidence 
from the PSX, this study extends the downside-risk literature to an emerging market context where 
non-normal return behaviour and downside asymmetry are especially pronounced (Barunik & 
Nevrla, 2018; Zhou et al., 2023). In contrast, the weak and statistically imprecise relationship 
between downside risk and average crash probability is consistent with the crash-risk literature 
emphasising the role of systematic market stress rather than firm-specific characteristics. Kelly and 
Jiang (2013) show that crash risk is fundamentally linked to aggregate tail risk, while recent evidence 
highlights the dominant role of macro-financial shocks in triggering market-wide crashes (Ring, 
2023; Stoja et al., 2025). The absence of downside risk effects in fixed effects mean regressions 
further suggests that downside risk is not rewarded in average returns. These findings reinforce the 
limitations of mean-variance frameworks and are consistent with the argument that traditional 
linear models fail to capture the pricing of rare but severe downside events (Bekaert et al., 2023; 
Ring, 2023). While some studies document downside-related premia under specific conditions (Lee 
& Yang, 2022). The present evidence suggests that such compensation does not manifest in average 
returns once firm-specific heterogeneity is controlled. The decline in the magnitude of downside-
risk coefficients from the 10th percentile to the median provides compelling evidence of return 
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asymmetry, consistent with behavioural and long-run risk theories. Investors’ heightened sensitivity 
to losses during adverse states, as formalised by Epstein and Zin (1990), implies that downside risk 
should exert disproportionate effects in the lower tail of the return distribution. Recent empirical 
work further supports this view by demonstrating that tail risks cannot be adequately captured by 
mean-based estimation techniques (Sneller, 2025). The quantile-based approaches provide a more 
suitable framework for analysing downside and crash risk, particularly in emerging markets where 
extreme outcomes are more frequent (Hoque et al., 2024). The results are also consistent with 
Giglio and Xiu (2021) that tail risks are not captured by mean-variance frameworks and require 
distribution-sensitive methods.  

A key contribution of  this study lies in documenting heterogeneity across firm types. The 
interaction-based quantile regressions reveal that downside risk has a significantly stronger adverse 
impact on lower-tail returns for financial firms compared to non-financial firms, consistent with prior 
research emphasising the heightened vulnerability of  financial institutions due to leverage, balance-
sheet interconnectedness, and maturity mismatch (Aufiero et al., 2025; Ellul et al., 2022). In emerging 
markets, where regulatory buffers and crisis-resolution mechanisms are comparatively weaker, these 
vulnerabilities are likely to amplify the transmission of  downside shocks (Bagh et al., 2025). At the 
same time, our results contrast with those of  Bali et al. (2017), that financial firms may benefit from 
implicit guarantees that dampen downside exposure in developed markets. The divergence likely 
reflects institutional differences between advanced and emerging economies, where regulatory 
buffers and safety nets are weaker, making financial firms more vulnerable to downside shocks. 

 

Conclusion 

This study examines the role of  firm-level downside risk in shaping crash risk and equity return 
dynamics using a strongly balanced monthly panel from 2014 to 2024. The results provide clear 
evidence that downside risk is not priced in average returns but plays a critical role in extreme negative 
return outcomes, particularly in the lower tail of  the return distribution. Quantile regression estimates 
reveal pronounced return asymmetries, with downside risk exerting a strong and economically 
meaningful impact during adverse states while remaining irrelevant under normal conditions. 

Moreover, the analysis uncovers significant heterogeneity between financial and non-financial 
firms and highlights that financial institutions are particularly exposed to downside risk in extreme 
market downturns. These findings underscore the importance of  moving beyond mean-based 
models and adopting distribution-sensitive approaches when assessing risk and return relationships. 

The findings have several important policy implications. First, regulators and market 
participants should recognise that downside risk materialises primarily during extreme market 
conditions, implying that stress testing frameworks should explicitly incorporate downside risk 
measures rather than relying solely on average volatility metrics. Second, the heightened sensitivity 
of financial firms to downside risk highlights the need for stronger capital buffers and liquidity 
requirements, particularly in emerging markets where systemic vulnerabilities are more 
pronounced. For investors, the results suggest that traditional diversification strategies based on 
mean returns may be insufficient to mitigate tail risk. Portfolio construction frameworks should 
therefore incorporate downside risk metrics to better manage exposure to extreme losses. 

Despite its contributions, this study has several limitations. First, downside risk is measured 
using historical return realisations, which may not fully capture forward-looking expectations. 
Future research could incorporate option-implied downside measures. Second, the analysis focuses 
on a single emerging market, limiting generalizability. Cross-country studies could examine whether 
institutional quality moderates the effect of downside risk. Third, while quantile regression captures 
distributional heterogeneity, it remains static. Future work could employ dynamic tail risk models 
to explore the temporal evolution of downside risk.  
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Abstract 

Purpose — Single motherhood is widely associated with poorer child 
outcomes, yet it remains unclear whether these disadvantages stem from 
family structure itself or from the economic shocks that accompany it. 
This distinction is particularly important in developing-country contexts, 
where weak social protection and labor market informality may amplify 
both channels. We examine how different pathways into single 
motherhood affect children’s cognitive development. 

Methods — We use longitudinal data from the Indonesia Family Life 
Survey (IFLS) and employ Structural Equation Modeling (SEM) to 
estimate both direct and indirect effects of maternal marital status on 
children’s cognitive outcomes, while controlling for demographic and 
household characteristics. 

Findings — The results show that children in single-mother households, 
particularly those experiencing divorce, have lower cognitive scores. Poverty 
plays a key mediating role, as higher poverty levels are associated with worse 
cognitive outcomes. Households headed by divorced individuals exhibit 
higher poverty, while the effect of widowhood is smaller and not statistically 
significant. In addition, larger household size and greater distance from 
economic centers increase poverty, whereas higher education of the 
household head and per capita expenditure reduce it. 

Implication — The findings suggest that policies targeting single-
mother households should address both economic vulnerability and 
structural constraints, including limited access to services and unequal 
labor market opportunities. 

Originality — This paper contributes to the limited longitudinal 
literature in developing countries by comparing divorce and widowhood 
and their roles in perpetuating intergenerational disadvantages through 
economic and non-economic channels. 

Keywords — Single Parenthood; Cognitive Development; Poverty; 
Family Structure; Indonesia 

 

Introduction 

Single mothers across low- and middle-income countries face a distinctive form of socioeconomic 
vulnerability as they must simultaneously secure income and provide intensive caregiving that often 
happens in contexts where both markets and states offer limited support. This dual burden is 
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especially consequential in settings characterized by high labor informality and fragmented welfare 
systems. As a result, single motherhood represents a site where broader institutional constraints 
shape unequal welfare outcomes. 

Recent studies attribute this vulnerability to a set of interrelated mechanisms. Gendered 
labor market structures expose women to wage penalties and unstable employment, particularly 
following marital dissolution, when caregiving responsibilities intensify, and career interruptions 
accumulate (Kalil & Ryan, 2020; Rees et al., 2023). These constraints reduce earning capacity and 
limit re-entry into formal employment. At the same time, the need to combine paid work with 
caregiving generates persistent job–family strain, often leading single mothers to adopt short-term 
coping strategies rather than long-term investment. Financial pressures are further compounded 
by the erosion of social support networks following divorce, which weakens informal insurance 
mechanisms, especially in developing-country contexts.  

The economic strain in these households is further intensified by the dual burden of 
caregiving and income generation, often leading to significant work–family conflict (Musick & Meier, 
2010; Nomaguchi & Milkie, 2020). Evidence suggests that single mothers frequently rely on short-
term coping strategies to manage financial hardship and economic instability (Kalil & Ryan, 2020; 
McKenzie & McKay, 2018), while female-headed households face greater constraints in investing in 
children’s education and development (Cooper & Stewart, 2021; Duncan et al., 2017). Furthermore, 
divorce reduces both economic and social resources, severely limiting children’s developmental 
opportunities (Agmase, 2021). Household allocation decisions often reflect these precarious financial 
conditions; while female decision-makers tend to prioritize child-related and health expenditures, they 
do so under significant constraints (Rees et al., 2023; Ridge & Millar, 2011). 

These household-level constraints have well-documented intergenerational consequences. 
Children in single-parent households tend to experience poorer educational, economic, and 
psychosocial outcomes, largely due to resource constraints and reduced parental time investment 
(Lee & McLanahan, 2015; McLanahan et al., 2013; McLanahan & Sandefur, 1997). Children in 
single-parent families also often experience worse development outcomes, with effects intensifying 
over time, particularly during early childhood and among boys. In resource-constrained settings, 
these disadvantages are often amplified as a lack of stable employment restricts households’ ability 
to smooth shocks or invest in children’s development. Beyond education, evidence also links 
parental absence to poorer mental health and higher substance use among children (Annor et al., 
2024). Thus, single motherhood can become a channel through which structural inequalities are 
reproduced across generations.  

Despite the issue’s salience, their interaction with state support systems remains 
underexplored in many developing countries. Social protection programs in these contexts are 
often designed around poverty status or employment categories rather than family structure. This 
potentially overlooks the specific vulnerabilities associated with single-parent households and raises 
an important question on the extent to which existing welfare programs can mitigate or 
inadvertently reproduce the disadvantages faced by single mothers and their children. 

Indonesia is particularly useful to examine this question. Over the past two decades, the 
country has developed an extensive social protection system, including educational transfer, 
conditional cash transfer, and a universal healthcare system. While these programs provide broad 
support to low-income households, few are explicitly designed to address the structural vulnerabilities 
associated with single motherhood. At the same time, rising divorce rates, persistent gender norms, 
and weak enforcement of child support obligations may further exacerbate these risks. 

This paper builds on the broader literature on family structure and inequality by examining 
how maternal marital status shapes children’s well-being in a developing-country context. Using 
longitudinal data from the Indonesia Family Life Survey (IFLS), we analyze the effects of divorce 
and widowhood on household poverty and children’s cognitive outcomes. Combining Structural 
Equation Modeling (SEM) with instrumental-variable approaches, the analysis identifies both 
direct and mediated pathways through which family structure affects child development. In doing 
so, the paper contributes to a more general understanding of how gender, family structure, and 
welfare institutions interact to shape intergenerational inequality in developing countries. 
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Indonesia provides a relevant context due to rising divorce rates and shifting family 
structures. Divorce cases increased substantially over the past decade, as shown in Table 1, 
reflecting broader social and economic changes. Qibthiyyah and Utomo (2016) document declining 
fertility and changing marital patterns, including reduced assortative marriage, indicating evolving 
household dynamics. Consistent with this trend, Indonesia exhibits relatively high divorce rates 
compared to other Asian countries (Dommaraju & Jones, 2011). This is reflected in household 
composition patterns, where female-headed households are more prevalent among younger and 
older age groups, corresponding to higher rates of divorce and widowhood (Table 2)1. Over time, 
the share of female household heads has also increased, as shown in Table 3. 

 
Table 1. Divorce Cases in Indonesia 2014-2023 (Court Ruling) 

Year  Number of Divorce Cases 

2014  344,237 
2015  347,256 
2016  365,633 
2017  374,516 
2018  408,202 
2019  439,002 
2020  291,677 
2021  447,743 
2022  516,344 
2023  463,654 

Source: Director General of the Religious Courts Administration, Supreme 
Court of the Republic of Indonesia, and Indonesia Statistic Report  

 
Furthermore, Dommaraju and Jones (2011) show that Indonesia has a higher divorce rate 

than other Asian countries, and this rate tends to increase each year. The increasing rate of divorces 
is evident in the household head data from the National Socio-Economic Survey (Susenas). Table 
2 shows the household head's gender, age, and place of residence based on the National Socio-
Economic Survey (Susenas) in 2016.  

 
Table 2. Household Head, Age, and Living Location 

Age 
Male (%) Female (%) 

Urban Rural Total Urban Rural Total 

<18 0.06 0.04 0.05 0.4 0.17 0.3 
18-25 3.34 2.41 2.89 7.75 1.22 4.65 
26-40 34.55 33.76 34.16 11.86 11.93 11.89 
41-50 27.92 27.58 27.76 18.4 18.18 18.32 
51-60 19.99 20.35 20.18 25.8 25.69 25.73 
>60 14.12 15.87 14.96 35.76 42.83 39.09 

Source: Susenas 2016, author's calculations. 

 
This study uses IFLS wave 3 and wave 5 data, which provide detailed longitudinal 

information on household socioeconomic conditions. IFLS enables comparison of children’s well-
being across divorced and widowed single-mother households in Indonesia. Many divorces are 
often driven by economic factors and accompanied by weak enforcement of child support 
obligations, increasing children’s vulnerability. Despite these trends, empirical research, especially 
in Indonesia, remains limited and largely focuses on psychological outcomes. This study extends 
the literature by examining both current well-being, proxied by consumption-based poverty 
measures, and future well-being through educational attainment. 

We examine the effects of single parenthood on children’s well-being and educational 
outcomes. Key variables include parental marital status, per capita expenditure, access to services, 

 
1 We are using Susenas 2016 to match the Indonesia Family Life Surveys Data Wave 5 
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and children’s cognitive scores. In the analysis section, we try to distinguish between divorced and 
widowed single-mother households to capture heterogeneous effects.  

 
Table 3. Percentage of Female Household Head 2012 - 2022 

Year  Female Household Head (%) 

2012  14.42 
2013  14.84 
2014  14.73 
2015  14.63 
2016  15.02 
2017  15.17 
2018  15.17 
2019  15.46 
2020  15.82 
2021  14.38 
2022  12.72 

Source: Statistic Bureau of Indonesia, 2012-2022. 

 
Gender differences are also considered. Recent studies show that the effects of family 

disadvantage may differ by gender, although the patterns are not uniform across outcomes. Evidence 
suggests that boys tend to be more responsive to family environment in early educational outcomes, 
while gender differences in longer-term outcomes, such as educational attainment and labor market 
performance, are less consistent and may even favor girls in certain contexts (Autor et al., 2019; 
Brenøe & Lundberg, 2018). In addition, children from single-parent or divorced families are more 
likely to experience adverse educational outcomes, reflecting both economic and non-economic 
constraints (Mencarini et al., 2019). These findings indicate that gendered responses to family 
disruption are heterogeneous and context-dependent. To situate these mechanisms, the following 
section reviews the theoretical and empirical channels linking single parenthood to child outcomes. 

The effects of single parenthood on children and household welfare operate through 
interconnected mechanisms, including economic hardship, reduced parental support, limited 
access to community resources, parental conflict, and family instability (Cooper & Stewart, 2021; 
Härkönen et al., 2017; Lee & McLanahan, 2015; McLanahan et al., 2013). These channels jointly 
shape children’s educational, health, and psychosocial outcomes. 

Single-mother households face substantially higher poverty risks than two-parent families, 
reflecting structural economic disadvantages associated with single parenthood (Cooper & Stewart, 
2021; McLanahan & Sandefur, 1997). Economic hardship is a key mechanism, as divorce is often 
followed by a significant decline in household income, particularly for women and their children 
(Härkönen et al., 2017; Nieuwenhuis & Maldonado, 2018). As a result, children in single-mother 
households are more likely to experience prolonged exposure to poverty, which reduces 
investments in health and education (Amato & Patterson, 2017; Shiba & Kondo, 2019). Although 
income accounts for much of the gap in outcomes, it does not fully explain differences across 
family types (Magnuson & Duncan, 2006; McLanahan & Sandefur, 1997). Economic vulnerability 
is further worsened by unstable employment and inconsistent child support (Cancian et al., 2011). 
The widening inequality reinforces disparities in children’s outcomes (Cancian & Meyer, 2018; 
Cooper & Stewart, 2021; Kalil & Ryan, 2020). 

Besides income, single parenthood also often reduces parental support and supervision. 
Parental involvement is central to child development, yet single parents tend to face higher levels 
of stress and time constraints (Meier et al., 2016; Nishioka et al., 2020). Empirical evidence suggests 
that children in single-parent families may receive lower levels of parental monitoring and 
educational support, which can increase the risk of behavioral and developmental problems 
(Fomby & Cherlin, 2007; Kalil & Ryan, 2020; McLanahan & Sandefur, 1997). While some children 
develop resilience, parental absence is also widely associated with emotional distress and 
adjustment difficulties (Amato, 2000; Härkönen et al., 2017). This pattern is also observed in the 
Indonesian context (Heri et al., 2022). 
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Another factor is limited access to community resources. Single-parent families are more 
likely to face residential and neighborhood disadvantages due to economic constraints, which 
reduce access to quality institutions and social support (Cooper & Stewart, 2021; Fomby & Cherlin, 
2007). These conditions may limit access to education and health services and increase vulnerability 
during periods of crisis (Cusinato et al., 2020; Moncrief et al., 2014). 

Parental conflict and family instability also play critical roles. Exposure to persistent conflict 
is associated with poorer child outcomes (Amato & Afifi, 2006; Camisasca et al., 2016; Kalmijn, 
2016). In some cases, children in high-conflict intact families fare worse than those in divorced 
families, suggesting that conflict, rather than divorce per se, drives negative effects (Amato & Keith, 
1991). However, post-divorce conflict often persists. More broadly, cumulative instability, 
including residential moves, school changes, and economic shocks, has lasting impacts on mental 
health and educational outcomes (Fergusson et al., 2007; Hess, 2022; Xu et al., 2008). Family 
instability may be as detrimental as low income itself (McLanahan & Sandefur, 1997), particularly 
when combined with repeated transitions (Fomby & Cherlin, 2007; Lee & McLanahan, 2015). 

Gendered responses remain mixed. Some evidence suggests that boys tend to exhibit more 
immediate behavioral problems following family disruption, while girls may experience more 
internalizing difficulties, such as anxiety or depression. However, overall findings indicate that 
gender differences are relatively small and vary depending on the outcome and life stage (Autor et 
al., 2019; Härkönen et al., 2017; McLanahan et al., 2013). 

Household characteristics also shape outcomes. Education of the household head is a key 
determinant of economic well-being, associated with higher productivity and lower poverty (Noble 
et al., 2015), though its impact varies across contexts. Female-headed households face higher 
poverty risks due to structural inequalities (Maitra & Vahid, 2006; Okojie, 2002). A larger household 
size increases the risk of poverty and reduces per capita investment in children. 

Spatial factors further influence poverty. Rural and remote areas face persistent 
disadvantages due to weaker labor markets and limited opportunities (Glasmeier & Farrigan, 2003; 
Partridge & Rickman, 2008; Swaminathan & Findeis, 2004). Distance from metropolitan centers 
exacerbates poverty, although local economic growth can mitigate these effects (Fisher, 2004; 
Partridge & Rickman, 2008). 
 

Method 

Based on these mechanisms, this study empirically tests both direct and indirect pathways using a 
structural framework. This study employs Structural Equation Modeling (SEM) to examine 
interdependent relationships among variables. SEM allows the estimation of direct and indirect 
effects within a unified framework. The model follows a mediation structure, where intermediate 
outcomes link explanatory variables to outcomes: 

𝑌1 =  𝛼0 +  𝛼1𝑥1 +  𝛼2𝑥2 + 𝜖1  (1) 

𝑌2 =  𝛾0 +  𝛾1𝑌1 +  𝛾2𝑥1 + 𝜖1   (2) 

Whereas equation (1) is a mediation model of equation (2). Equation (2) with dependent variable 
Y2 is explained by equation (1) plus other covariates closely related to the dependent variable in 
equation (2). The mechanism by which the model works is shown in Figure 1. 
 

 
Figure 1. Mechanism Three Main Interest Variables 

Source: Authors 

 
We have two different equations (Y1 and Y2). Y1 is the dependent variable in equation (1) 

but becomes the independent (mediation) variable in equation (2). Here, 𝑌1(poverty score) acts as 
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a mediator for 𝑌2 (cognitive score). Independent variables influence cognitive outcomes both 
directly and indirectly through poverty. 

 
Table 4. Variables in The Model 

Variable Explanation 

Y1 Poverty Score - Constructed based on the multidimensional poverty indicators defined by BPS RI, 
covering nine household characteristics, including Size of the house, type of floor mat, type of wall, 
level of education of household head and spouse on average, electricity access, clean water access, 
toilet access, kitchen and stove type, and asset ownership status. The indicators are summed to 
form a score ranging from 0 (non-poor) to 9 (very poor).  

Y2 Cognitive Score - Derived from the IFLS5 child cognitive test (Book EK), which consists of 17 
items assessing basic skills such as pattern recognition and numeracy. The score is calculated as the 
total number of correct answers and normalized to ensure comparability across modules. 

X1 1. Dummy Married (Divorced+Widowed=1) 
2. Dummy Married (Divorced=1) 
3. Dummy Married (Widowed=1) - Captured using three dummy variables: (1) ever-married but 

currently single (divorced or widowed), (2) divorced, and (3) widowed, allowing differentiation 
between types of single-parent households. 

X2 Household Size - The number of family members in the household.  
X3 Distance from Capital - How far is the household from the nearest Kecamatan (Sub-district) Capital?  
X4 Distance from Business Center - How far the household is from the nearest business center 

(traditional market or a group of shops). 
X5 Household Head Education - Measures the years of schooling of the household head.  
X6 Per Capita Expenditure - Shows the per capita expenditure of each individual in the household. 
X7 Age - Explaining the age of respondents when taking the cognitive score test. 
X8 Child Status - Explains whether children are adopted (=1) or biological children. 
X9 Number of Children in the Household - Shows whether having more children means having fewer 

resources for each child. 
X10 Gender - Child gender. 
X11 Teenager (teenager=1) - Showing whether the children are already teenagers (12 years old and above). 

Source: IFLS3 and IFLS5 processed by authors 

 
Table 5. Descriptive Variables of All Samples 

Variable Observation Mean 
Standard 
Deviation 

Min Max 

Total Cognitive Score 2,454 8.513855 4.183764 0 17 
Sex (=1 Male) 2,454 0.5240424 0.4995234 0 1 
Household Size 2,454 6.330073 2.394674 2 16 
Distance to Capital (KM) 2,454 21.31842 24.74596 0.5 150 
Distance to Business Area (KM) 2,454 3.616809 3.615004 0.2 27 
Household Head Education 2,454 3.02608 0.9371464 1 5 

Per Capita Expenditure (Rp) 2,454 412874.7 324657.1 54666.67 3824833 
Poverty Score 2,454 2.150774 1.344496 0 8 
Divorce 2,454 0.0387123 0.1929478 0 1 
Share Divorce at Community (%) 2,454 4.299549 5.511272 0 50 
Age 2,454 8.72599 5.541036 0 18 
Number of Children in the Household 2,454 3.490628 1.84668 1 11 
Children by Adoption 2,454 0.0167074 0.128199 0 1 
Teenager (Dummy) 2,454 0.3031785 0.4597254 0 1 

Source: IFLS3 and IFLS5 processed by authors. 

 
The analysis uses IFLS 3 and IFLS 5 data, covering 2,454 observations. Key variables include 

poverty score (constructed from nine BPS indicators), cognitive score (based on IFLS child 
assessments), marital status (divorced and widowed), household size, remoteness (distance to capital 
and business centers), household head education, and per capita expenditure. Additional controls 
include age, gender, number of children, adoption status, and a teenage dummy (Table 4). Descriptive 
statistics in Table 5 show an average cognitive score of 8.51 (range 0–17) and a poverty score of 2.15 
(range 0–8). Households average 6.33 members, with a mean per capita expenditure of Rp 412,874. 
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Divorce is relatively rare (3.87%), while the average child age is 8.73 years. Per capita expenditure 
averages Rp. 412,874.70, ranging from Rp. 54,666.67 to Rp. 3,824,833. The average age of children 
in the dataset is 8.73 years, ranging from 0 to 18 years. Households have an average of 3.49 children, 
ranging from 1 to 11 children. Adoption is rare, with only 2% of children adopted in the dataset. The 
teenager dummy variable indicates that teenagers make up 30.32% of the observations. 

 

Results and Discussion 

Factors Affecting Poverty 

Poverty is a multidimensional condition reflecting economic constraints and broader vulnerabilities 
in living conditions. The results indicate that marital status, household size, spatial accessibility, 
education, and expenditure significantly shape poverty outcomes. Table 6A shows that family 
structure is associated with economic vulnerability. Households headed by divorced or widowed 
individuals exhibit higher poverty scores than married households, with a stronger effect for 
divorce (0.466) than widowhood (0.145, not significant). This is consistent with evidence that 
children in single-parent households face higher poverty risks (Rank & Hirschl, 1999), while 
remarriage reduces such risks (Morrison & Ritualo, 2000), and mothers are more likely than fathers 
to fall into poverty following separation (Bianchi et al., 1999). 

  
Table 6A. SEM Results – Poverty Model 

Variables 

(1) Divorced 
+ Widow  

Non-
standardized 

(2) Divorced + 
Widow 

Standardized 

(3) Divorce  
Non-

standardized 

(4) Divorce 
Standardized 

(5) Widow  
Non-

standardized 

(6) Widow 
Standardized 

Marital status 
(1=divorced+widowed) 

0.235* 0.035* 0.466* 0.036* 0.145 0.018 

 (0.129) (0.019) (0.248) (0.019) (0.150) (0.019) 
Household Size 0.042*** 0.075*** 0.043*** 0.076*** 0.042*** 0.075*** 
 (0.011) (0.019) (0.011) (0.019) (0.011) (0.019) 
Distance District Capital 0.006*** 0.122*** 0.006*** 0.121*** 0.006*** 0.122*** 
 (0.001) (0.020) (0.001) (0.020) (0.001) (0.020) 
Distance from Business Center 0.035*** 0.095*** 0.034*** 0.094*** 0.035*** 0.094*** 
 (0.007) (0.020) (0.007) (0.020) (0.007) (0.020) 
Household head education -0.372*** -0.257*** -0.373*** -0.257*** -0.372*** -0.257*** 
 (0.029) (0.019) (0.029) (0.019) (0.029) (0.019) 
Per Capita Expenditure -7.62e-07*** -0.178*** -7.62e-07*** -0.178*** -7.60e-07*** -0.177*** 
 (8.45e-08) (0.019) (8.45e-08) (0.019) (8.45e-08) (0.019) 
Constant 3.044*** 2.292*** 3.051*** 2.297*** 3.050*** 2.296*** 
 (0.119) (0.090) (0.119) (0.090) (0.119) (0.090) 
R² Poverty Score 0.176 0.176 0.176 0.176 0.175 0.175 
Observations 2,285 2,285 2,285 2,285 2,285 2,285 

Note: Standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

 
Household head education significantly reduces poverty (−0.372), reflecting improved 

labor market opportunities (Rank & Hirschl, 1999). In contrast, household size increases poverty 
(0.0422), consistent with resource dilution effects (Becker & Lewis, 1973; Lanjouw & Ravallion, 
1995). Spatial factors also matter. A greater distance from district capitals and business centers is 
associated with higher poverty, reflecting limited access to economic opportunities. Overall, the 
model explains 17.6 percent of the variation in poverty. 

Table 6B shows that poverty significantly reduces children’s cognitive scores (−0.0846), 
consistent with evidence linking economic deprivation to lower cognitive development (Noble et 
al., 2015). Age is negatively associated with cognitive scores (−0.0161), and adopted children exhibit 
lower scores (−0.158), likely reflecting early-life disadvantages. Other factors, including gender and 
number of children, are not statistically significant. Adolescents also perform worse than younger 
children (−0.0992). Overall, the results highlight a key mechanism by which family structure 
influences poverty, which in turn negatively affects children’s cognitive development. 
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Table 6B. SEM Results – Cognitive Score Model (natural log) 

Variables 
(1) Divorced 

+ Widow 
Unstd 

(2) Divorced 
+ Widow Std 

(3) Divorce 
Unstd 

(4) Divorce 
Std 

(5) Widow 
Unstd 

(6) Widow 
Std 

Poverty score -0.085*** -0.231*** -0.085*** -0.231*** -0.085*** -0.231***  
(0.007) (0.019) (0.007) (0.019) (0.007) (0.019) 

Age -0.016*** -0.184*** -0.016*** -0.185*** -0.016*** -0.184***  
(0.003) (0.034) (0.003) (0.034) (0.030) (0.034) 

Child Status (1=Adopted) -0.158** -0.042** -0.158** -0.042** -0.158** -0.042**  
(0.074) (0.020) (0.074) (0.020) (0.074) (0.020) 

Number of Children in 
The Household 

-0.003 -0.099 -0.003 -0.010 -0.003 -0.010 

 
(0.005) (0.020) (0.005) (0.020) (0.006) (0.020) 

Gender (1=Male) 0.002 0.002 0.002 0.002 0.002 0.002  
(0.019) (0.020) (0.019) (0.020) (0.019) (0.0196) 

Adolescent -0.099*** -0.094*** -0.099*** -0.094*** -0.099*** -0.094***  
(0.035) (0.033) (0.035) (0.033) (0.035) (0.033) 

Constant 2.477*** 5.103*** 2.477*** 5.104*** 2.477*** 5.104***  
(0.030) (0.082) (0.030) (0.082) (0.030) (0.082) 

R² Cognitive Score 0.123 0.123 0.122 0.122 0.123 0.123 
Observations 2,285 2,285 2,285 2,285 2,285 2,285 

Note: Standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

 
The Factors Affecting Educational Attainment (Cognitive Score) 

SEM results show that poverty, age, and child status significantly influence cognitive outcomes. 
Poverty has a strong negative effect, indicating that economic constraints reduce children’s ability 
to achieve higher cognitive scores. As we mentioned earlier, this relationship operates through 
multiple channels. Lower-income households face constraints in providing educational inputs, 
including learning materials, stable environments, and access to quality schools. Limited parental 
time and resources reduce engagement in children’s learning, while unstable conditions weaken 
school readiness. These findings are like those of Khiem and Kuo (2022), who show that 
improvements in household conditions enhance educational attainment. 
 

Table 7. Factors Affecting Educational Attainment 

 (1) (2) (3) (4) (5) (6) 

Variables 

Total 
Cognitive 

Score 
(Divorce 

+ Widow) 

Total 
Cognitive 

Score 
(Divorce) 

Total 
Cognitive 

Score 
(Widow) 

Log of 
Total 

Cognitive 
Score 

(Divorce 
+ Widow) 

Log of 
Total 

Cognitive 
Score 

(Divorce) 

Log of 
Total 

Cognitive 
Score 

(Widow) 

Poverty Score -0.568*** -0.568*** -0.568*** -0.084*** -0.084*** -0.084*** 

 (0.061) (0.061) (0.061) (0.007) (0.007) (0.007) 
Age -0.165*** -0.165*** -0.165*** -0.023*** -0.023*** -0.023*** 

 (0.015) (0.015) (0.015) (0.002) (0.002) (0.002) 
Child Status (1=Adopted) -0.845 -0.845 -0.845 -0.152** -0.152** -0.152** 

 (0.629) (0.629) (0.629) (0.074) (0.074) (0.074) 
Number of Children in The 
Household 

-0.099** -0.099** -0.099** -0.002 -0.002 -0.002 

 (0.045) (0.045) (0.045) (0.005) (0.005) (0.005) 
Gender (1=Male) -0.344** -0.344** -0.344** 0.004 0.003 0.003 

 (0.162) (0.162) (0.162) (0.019) (0.019) (0.019) 
Constant 11.71*** 11.71*** 11.71*** 2.501*** 2.501*** 2.501*** 

 (0.241) (0.241) (0.241) (0.029) (0.029) (0.029) 
Observations 2,454 2,454 2,454 2,285 2,285 2,285 

Note: Standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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Family size also constrains cognitive outcomes by diluting per capita resources. The 
negative association between the number of children and cognitive scores supports the quantity–
quality trade-off framework (Becker & Lewis, 1973). Age is negatively associated with cognitive 
scores, suggesting variation in learning accumulation across cohorts. Gender differences are small 
and statistically insignificant once socioeconomic. Consistent with prior evidence emphasizing the 
dominant role of household conditions over gender in shaping cognitive outcomes (Hyde, 2005). 

 
Robustness Check 

Given the potential endogeneity of the poverty score and the divorce variables, we conducted a 
robustness check using instrumental-variables regression. We introduced a new variable called the 
share of divorce in the community (in percentage). We argue that the percentage of divorce in the 
community will affect the individual marital status or divorce rates, but will not directly influence 
the cognitive scores of children. This section includes three different models, each addressing a 
different type of divorce. The first model estimates the total cognitive score with the divorce 
variable instrumented. The second model measures the effect of the instrumented divorce variable 
on the poverty score. Finally, we run the reduced form in the third model, which estimates the total 
cognitive score, instrumenting both the poverty and divorce variables. All three models will be 
divided into three types of divorce: divorce (both parents alive), widower (one of the parents died), 
and a combination of both types. 

In general, the equation of this section will be:  

X𝑖  =  p0  +  p1Z𝑖  + p2θ𝑖 + v𝑖 (3) 

Y𝑖  =  β0  +  β1X̂𝑖  + β2θ𝑖 +  u𝑖  (4) 

Where X is the main interest (divorce and poverty score), Z is the instrumental variable, θ is other 
control variables, and Y is the variable of interest (educational attainment measured by cognitive score). 

Across specifications (Table 8), divorce has a large and statistically significant negative 
effect on cognitive scores, with stronger effects when divorce is isolated. Household head 
education consistently improves cognitive outcomes, while larger household size reduces them.  

 
Table 8. Factors Affecting Cognitive Score (Instrumented) 

Variables 
(1) (2) (3) 

Total Cognitive Score Total Cognitive Score Total Cognitive Score 

  Divorce + Widow Divorce  Widow 
Divorce (=1) -12.38*** -41.96*** -16.57*** 

 (2.022) (12.46) (2.866) 
Sex (=1 Male) -0.248 -0.052 -0.321* 

 (0.186) (0.234) (0.195) 
Household Size -0.128*** -0.159*** -0.116*** 

 (0.041) (0.047) (0.043) 
Distance to District Capital -0.004 -0.000 -0.006 

 (0.004) (0.007) (0.004) 
Distance to Business Area -0.039 -0.028 -0.042* 

 (0.027) (0.046) (0.025) 
Household Head Education 1.052*** 1.091*** 1.039*** 

 (0.108) (0.138) (0.114) 
Per Capita Expenditure 2.65e-07 3.64e-07 2.22e-07 

 (3.63e-07) (5.52e-07) (3.48e-07) 
Constant 6.872*** 6.638*** 6.930*** 

 (0.458) (0.561) (0.478) 
Observations 2,454 2,454 2,454 

Note: Robust standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

 
Table 9 shows that, once instrumented, divorce does not have a significant direct effect on 

poverty, whereas household size increases poverty, and education and expenditure reduce it. This 
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suggests that divorce affects poverty indirectly through household characteristics. Table 10 
confirms that poverty has a robust negative effect on cognitive scores (approximately 4 points), 
while divorce continues to exert a strong independent negative effect. These results reinforce the 
baseline findings and support a causal interpretation. Family disruption and economic conditions 
jointly shape children’s cognitive outcomes. The IV estimates reinforce the causal interpretation of 
the baseline findings. 
 

Table 9. Factors Affecting Poverty Score (Instrumented) 

Variables 
(1) (2) (3) 

Poverty Score Poverty Score Poverty Score 

  Divorce + Widow Divorce  Widow 
Divorce (=1) 0.703 3.535 0.782 

 (0.689) (2.826) (0.877) 
Sex (=1 Male) 0.0244 0.013 0.027 

 (0.038) (0.039) (0.038) 
Household Size 0.032* 0.034* 0.0315* 

 (0.018) (0.017) (0.018) 
Distance to District Capital 0.004 0.003 0.004 

 (0.003) (0.00) (0.003) 
Distance to Business Area 0.037 0.038 0.037 

 (0.024) (0.023) (0.024) 
Household Head Education -0.330*** -0.339*** -0.330*** 

 (0.060) (0.055) (0.060) 
Per Capita Expenditure -4.31e-07*** -4.49e-07*** -4.28e-07*** 

 (1.07e-07) (1.06e-07) (1.07e-07) 
Constant 2.723*** 2.752*** 2.726*** 

 (0.245) (0.235) (0.248) 
Observations 3,140 3,140 3,140 

Note: Robust standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 

 
Table 10. Factors Affecting Cognitive Score (Instrumented) 

  (1) (2) (3) 
Variables Total Cognitive Score Total Cognitive Score Total Cognitive Score 

  Divorce + Widow Divorce  Widow 
Poverty Score -4.044*** -3.962*** -4.113*** 

 (0.852) (0.939) (0.864) 
Divorce (=1) -11.37*** -34.44*** -15.57*** 

 (2.550) (13.24) (3.469) 
Sex (=1 Male) -0.164 0.001 -0.233 

 (0.262) (0.287) (0.270) 
Household Size 0.060 0.030 0.074 

 (0.069) (0.077) (0.070) 
Distance to District Capital 0.021*** 0.023** 0.020*** 

 (0.008) (0.009) (0.008) 
Distance to Business Area 0.100** 0.107* 0.0990** 

 (0.051) (0.062) (0.049) 
Household Head Education -0.585 -0.515 -0.626* 

 (0.373) (0.400) (0.379) 
Per Capita Expenditure -2.47e-06*** -2.34e-06*** -2.55e-06*** 

 (6.92e-07) (8.67e-07) (6.81e-07) 
Constant 19.34*** 18.84*** 19.62*** 

 (2.670) (2.880) (2.706) 
Observations 2,454 2,454 2,454 

Note: Robust standard errors in parentheses.  
*, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. 
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Conclusion  

This study shows that single motherhood has a substantial negative effect on children’s cognitive 
outcomes. This is particularly salient among single motherhood through divorce, as it is often 
followed by a loss of social network. While poverty is an important channel, family disruption exerts 
an independent and larger effect, showing both economic and non-economic constraints. Household 
characteristics similarly play a central role, as larger household size and spatial remoteness increase 
poverty. Meanwhile, education and expenditure reduce it. These findings highlight the importance of 
economic security and human capital in mitigating intergenerational disadvantage. 

These results suggest that policy responses must move beyond short-term relief toward 
addressing the structural barriers faced by single-parent households. Economic interventions, such as 
targeted income support and employment opportunities for single mothers, remain essential. Yet, they 
are insufficient on their own. Investments in early childhood education, improved access to services in 
remote areas, stronger infrastructure, and academic support are equally important for reducing 
persistent inequalities, particularly in improving cognitive outcomes. Expanding access to services in 
remote areas and strengthening infrastructure can further reduce spatial inequalities. Complementary 
interventions, including counseling and community support, can address non-economic disadvantages. 

At the same time, policies must address constraints specific to family structure, including 
limited enforcement of child support and gendered labor market disadvantages. Family planning 
programs can mitigate resource constraints associated with larger households, while stronger 
enforcement of child support and gender-sensitive policies can reduce the economic risks faced by 
single mothers.  Overall, effective policy must integrate income support, human capital investment, 
and institutional reforms to address both the economic and social dimensions of family disruption. 
Such an approach is critical to improving children’s long-term outcomes. 

More broadly, these findings speak to a wider challenge in developing-country contexts 
where social protection systems are often designed around poverty status while overlooking how 
family structure shapes vulnerability. By showing that the effects of single motherhood extend 
beyond income and operate through social and institutional channels, this study highlights the 
limits of narrowly targeted welfare approaches. Addressing intergenerational inequality, therefore, 
requires both redistributive capacity and institutional designs that recognize how gender and family 
disruption structure access to resources and opportunities. In this sense, the case of Indonesia 
illustrates a more general point: overlooking family structure in policy design risks systematically 
underserving some of the most vulnerable households. 
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