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ABSTRACT 

	Aims: This study asks whether institutional gendered constraints shift the distribution of first births rather than affecting overall fertility levels.
Study design: A longitudinal cross-country panel study combining a continuous-time life-cycle model with fixed-effects econometric analysis.
Place and Duration of Study: The study was conducted using annual country-level data from 100 countries worldwide obtained from the World Bank, UNESCO, and the United Nations Development Programme (UNDP), covering the period between 1990 and 2023.
Methodology: The paper combines a continuous-time life-cycle model with a strongly balanced panel of 100 countries observed annually from 1990 to 2023. Fertility timing is proxied by adolescent first births, capturing mass in the lower tail of the first-birth distribution. Gender inequality is measured using the UNDP Gender Inequality Index. Two-way fixed-effects models exploit within-country variation over time and allow for nonlinear and dynamic specifications.
Results: The study analyzed a balanced panel of 100 countries from 1990 to 2023 comprising 3,400 country–year observations. Higher Gender Inequality Index (GII) values were significantly associated with earlier fertility timing in fixed-effects models ( , , ), and the relationship remained robust after controlling for gender development and schooling. Lagged models showed similar positive effects of prior gender inequality on early fertility timing (β = 0.0108, SE = 18.90, p < 0.10). Nonlinear specifications revealed significant regime dependence ( , ), with stronger effects in highly unequal environments. Dynamic models further showed strong persistence in fertility timing over time ( , , ).
Conclusions: Institutional gender inequality reduces incentives to delay childbearing by lowering the opportunity cost of early fertility. The findings indicate that fertility timing responds primarily to structural constraints rather than short-term fluctuations.
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1. INTRODUCTION 
1.1 Introduction
Fertility behavior occupies a central place in economic and demographic research due to its links to human capital, labor markets, and long-run development (Myrskylä, 2024). While much of the literature focuses on fertility levels, less attention has been paid to fertility timing and the institutional determinants of very early childbearing. Early entry into motherhood has disproportionate consequences for women’s education, labor-market attachment, and lifetime earnings, with persistent intergenerational effects (Klepinger, 1999; Narita and Diaz, 2016).

This paper examines how gender inequality shapes fertility timing, focusing on whether institutional constraints shift the distribution of first births toward very early ages. Early fertility is treated as a distinct outcome with particularly large economic and social consequences (Berthelon and Kruger, 2017; Hayford, 2016), and as a socially embedded choice shaped by gender norms, policy environments, and structural constraints.
The core mechanism reflects an intertemporal trade-off between family benefits and the opportunity cost of career interruption (Berg et al., 2020). When education, employment, and reproductive autonomy are constrained, the returns to delaying fertility are limited, making early childbearing a rational response. In more egalitarian environments, higher opportunity costs incentivize delay. To formalize this intuition, the paper develops a continuous-time life-cycle model in which women jointly choose education, career attachment, and first-birth timing. Institutional environments—such as family policy, labor-market structures, and gender norms—create a wedge between marginal family benefits and marginal human-capital losses from early childbirth (Baizán et al.; Billingsley, 2022). In high-inequality settings, this wedge concentrates births near the lower bound of the fertility window.
Guided by this framework, the empirical analysis uses a strongly balanced panel of 100 countries observed annually from 1990 to 2023. Fertility timing is proxied by first births (mass in the lower tail), and gender inequality is measured by the UNDP’s Gender Inequality Index (GII). Exploiting within-country variation with country and year fixed effects and controls for educational attainment, the paper tests reduced-form implications at the macro level.
Three findings emerge: (1) higher gender inequality is robustly associated with earlier fertility timing; (2) the relationship is nonlinear, becoming pronounced in high-inequality regimes; and (3) fertility timing is highly persistent, consistent with slow-moving institutional and normative equilibria. These results contribute to the literature by shifting attention from fertility levels (Becker, 1960; Galor and Weil, 1996) to timing, and by identifying early fertility as a mechanism linking gender inequality to long-run losses in female human capital and development (World Bank, 2012; UNDP, 2023). They also help reconcile mixed cross-country evidence by highlighting the regime-dependent effects of institutional inequality.
1.2 Literature Review

A substantial literature documents that motherhood and childbearing generate persistent and unequal labor-market outcomes for women. Early work identifies a “family gap” in wages, showing that mothers earn less than observationally similar nonmothers even after conditioning on education, experience, and occupational characteristics (Waldfogel, 1997; Budig and England, 2001). Subsequent research quantifies these effects as motherhood wage penalties of roughly 3–4% per child and attributes them to reduced experience accumulation, discrimination, and sorting into lower-paid, family-friendly jobs (Cukrowska-Torzewska and Matysiak, 2020). Kleven et al. (2019) conceptualize these patterns as “child penalties,” defined as the long-run earnings and employment gaps between men and women that open after first birth. Cross-national evidence shows that child penalties become a dominant source of gender inequality as economies transition toward wage employment (Kleven et al., 2024b).

A related literature emphasizes that the timing of motherhood plays a critical role in shaping women’s long-run outcomes. Delaying childbirth is associated with higher wages and stronger labor-force attachment, although the magnitude of these gains varies by education and occupation (Amuedo-Dorantes and Kimmel, 2005; Buckles, 2008; Landivar, 2020). Reviews conclude that postponement facilitates human-capital accumulation but may reduce completed fertility in the absence of supportive institutions (Bratti, 2023). Life-course and sequence-analytic research further shows that gender inequality accumulates through repeated transitions between full-time work, part-time work, and caregiving, producing durable disparities in earnings and health (Machů et al., 2022). This evidence challenges frictionless “two-stage” models of education followed by family formation and highlights the importance of institutional constraints in shaping nonlinear career trajectories.

A second strand of research analyzes the macro-structural drivers of fertility postponement. Rising educational attainment explains a substantial share of the increase in age at first birth across advanced economies (Ní Bhrolcháin and Beaujouan, 2012). Evidence linking employment uncertainty to fertility timing is more mixed, with subjective expectations and institutional context playing key roles (Kreyenfeld et al., 2012). Cultural explanations associated with the second demographic transition emphasize changing norms around autonomy and self-realization (Zaidi and Morgan, 2017), though evidence from the United States points to considerable heterogeneity across race and class (Bloome, 2013). Recent life-course studies document increasingly diverse adult trajectories—career-centered, family-centered, and mixed—that generate distinct economic and health outcomes (Comolli et al., 2021; Halpern-Manners, 2015). However, much of this literature treats institutions as background conditions rather than as central mechanisms shaping fertility timing.

Recent economic research places institutions at the center of the fertility–career trade-off. Goldin (2021) documents how the structure and timing of career rewards interact with childbirth to generate persistent gender gaps, while Olivetti and Petrongolo (2017) show that family policies condition women’s labor supply and fertility decisions by altering the compatibility of employment and childbearing. Related discussions emphasize the continuing role of ‘presence-based’ reward structures in widening gender gaps after family transitions (Yoshimori & Halbleib, 2026). These institutional effects are reinforced by slow-moving cultural norms. Fernández (2013) models cultural change as an intergenerational learning process, generating persistence and regime dependence in gender roles and family behavior. Together, these studies suggest that fertility timing reflects an equilibrium response to institutional environments rather than purely individual preferences.

A related literature highlights the economic significance of early childbearing. Fertility has been shown to carry large and lasting economic costs, including reduced educational attainment, weaker labor-market attachment, and lower lifetime earnings (Kearney and Levine, 2012). Political demography research further shows that fertility behavior varies systematically by ideology and religiosity, with conservative and religious groups tending to exhibit earlier family formation and higher completed fertility (Hayford and Morgan, 2008; Schnabel, 2021). Pronatalist discourse—both religious and secular—has re-emerged in response to declining fertility, often framing low birth rates as a civilizational or political crisis (Perry, 2022). Critics emphasize that such narratives frequently overlook structural constraints such as housing costs, childcare availability, and labor-market insecurity (Florida, 2020).

Finally, research on gender norms emphasizes that preferences and behaviors are embedded in dense institutional networks that shape economic incentives (Alesina et.al., 2013).  Conservative societies exhibit larger child penalties and slower gender convergence (Kleven et al., 2024a), while qualitative studies document ecosystems—family-policy organizations, religious communities, and values-based employers—that promote early childbearing while offering limited support for sustained labor-market attachment (Wilcox and Wolfinger, 2016; Su and Musick, 2024). Political orientations are also transmitted intergenerationally, implying that fertility differentials can generate long-run shifts in population composition and institutional equilibria (Bisin and Verdier, 2001; Jennings et al., 2009; Van Ditmars and Bernardi, 2023).

1.3 Research Objectives and Hypotheses

This study examines whether institutional gender inequality systematically influences fertility timing across countries, particularly the incidence of very early childbearing. Building on the theoretical framework developed above, the paper investigates whether institutional constraints affecting women’s educational attainment, labor-market participation, and reproductive autonomy alter the opportunity cost of early fertility.

The empirical analysis has three main objectives. First, it examines whether higher levels of gender inequality are associated with earlier fertility timing within countries over time. Second, it evaluates whether this relationship is nonlinear and varies across institutional regimes. Third, it investigates whether fertility timing outcomes exhibit persistence consistent with slow-moving institutional and normative environments.

The analysis tests the following hypotheses:

H1: Higher institutional gender inequality is associated with earlier childbearing.
H2: The effect of gender inequality on fertility timing is stronger in high-inequality institutional regimes.
H3: Fertility timing outcomes exhibit persistence over time due to institutional and social path dependence.
2. methodology 

2.1 Theory 
This paper develops a continuous-time life-cycle model in which women jointly choose education, career attachment, and the timing of first birth. The model’s central object is not the average timing of fertility, but the distribution of optimal first-birth ages across women facing heterogeneous institutional environments (Heckman and Walker, 1990; Gustafsson, 2001).
In particular, the model is designed to characterize the conditions under which a non-trivial share of women optimally select very early childbearing, corresponding to the left tail of the fertility-timing distribution. This focus allows the theoretical framework to speak directly to empirical measures of early fertility without requiring observation of complete life-cycle fertility histories (Kearney and Levine, 2012; Miller, 2011).
Time is continuous, and individuals live from age to . A woman chooses (i) years of education ; (ii) a time path of career attachment , interpreted as labor supply or career investment intensity; and (iii) the timing of first birth . Human capital evolves according to


where   captures returns to career attachment prior to childbirth, and  represents the motherhood penalty following first birth.
Wages depend exponentially on accumulated human capital,


so that forgone accumulation early in life has persistent earnings consequences (Mincer and Polachek, 1974). 

Education affects fertility timing through two channels: it raises initial human capital at labor market entry,

and it increases the return to accumulated human capital,   with . Higher education therefore steepens the earnings profile and magnifies the opportunity cost of early career interruption (Ben-Porath, 1967; Heckman et al., 2006).

The motherhood penalty is institutionally mediated and modeled as


where  indexes family policy generosity,   captures ideological and normative environments,  reflects exposure to career-track penalties, and  governs the timing sensitivity of career interruptions (Akerlof & Kranton, 2005).
First birth generates family-related benefits , which are increasing in the length of the post-birth horizon, while delayed childbearing incurs biological and psychological costs ). Lifetime utility is given by


Under standard regularity conditions, the optimal timing  satisfies a wedge condition equating the marginal family benefits of earlier childbirth to the marginal human-capital loss induced by motherhood penalties.

Crucially, institutional environments differ in the magnitude of this wedge. In high-penalty environments—characterized by binding gender constraints, limited labor-market access, and weak policy protection—the optimal   for a substantial share of women lies near the lower bound. In contrast, in low-penalty environments, first birth is optimally delayed.
The model predicts variation in the mass of women selecting very early fertility, rather than uniform shifts in mean fertility timing. This feature aligns the theory with empirical measures that capture early childbearing outcomes.

First birth generates family-related benefits , which increase with the length of the post-birth horizon. Let

so earlier births increase the duration of family-capital accumulation and intergenerational overlap. Delaying childbirth also entails biological and psychological costs,


where  and . The parameter  captures ideological environments: conservative settings impose higher perceived or socialized costs of delay.
Lifetime utility is given in reduced form by


where  is instantaneous utility from consumption,  captures the disutility of career attachment, and  weights family-related utility relative to consumption, depending on institutions and identity-linked norms (Akerlof & Kranton, 2010).
Under standard regularity conditions, the optimal timing of first birth satisfies a wedge condition equating the marginal family benefits of earlier childbirth to the marginal human-capital loss induced by motherhood penalties:


The right-hand side is proportional to the present discounted value of . Fertility timing is therefore jointly determined by education, career attachment, family policy, and ideological norms through their effects on the opportunity cost of motherhood.

Crucially, institutional environments differ in the magnitude of this wedge. In high-penalty environments—characterized by binding gender constraints, limited labor-market access, and weak policy protection—the optimal  for a substantial share of women lies near the lower bound . In contrast, low-penalty environments encourage delayed first birth. The model therefore predicts variation in the mass of women selecting very early fertility, rather than uniform shifts in mean fertility timing, aligning the framework with empirical measures of early childbearing outcomes.

Higher education delays first birth by raising returns to human capital and by increasing exposure to interruption costs, implying . Greater career attachment similarly delays childbirth, , but this relationship is policy-conditional: generous family policy weakens the link between attachment and fertility timing, yielding . Finally, stronger family policy directly reduces the timing wedge, leading to earlier first birth, , and higher post-birth labor supply through reduced depreciation (Lalive and Zweimüller, 2009).

The framework can be discretized into a two-period structure without altering its economic content by interpreting early fertility as a first-period birth probability, allowing education and policy to operate through the same penalty channel. This preserves tractability while retaining the core mechanisms.

Overall, the model delivers a unified theory in which education, career attachment, family policy, and ideology jointly determine fertility timing through their effects on the human-capital cost of motherhood. The approach highlights family policy as a lever that decouples career investment from fertility delay, generating testable implications for cross-country and within-country variation in first-birth timing.

2.2 Empirical Interpretation of the Theory
While fertility decisions are made at the household level, the empirical analysis operates at the country–year level and therefore requires an aggregate representation of the model’s predictions. The theoretical framework focuses on the probability that women select childbirth near the lower bound of the fertility-timing distribution, corresponding to very early entry into motherhood.

Because complete country–year distributions of age at first birth are generally unavailable, the empirical analysis uses observed measures of very early first birth as proxies for the relative mass of women located in the extreme lower tail of the theoretical fertility-timing distribution, rather than as direct measures of fertility behavior itself.

Accordingly, the empirical analysis interprets observed early first-birth outcomes as reduced-form indicators of the relative mass of women located in the lower tail of the theoretical fertility-timing distribution. The objective is therefore not to measure fertility behavior directly, but to capture variation in the incidence of very early transition into motherhood across institutional environments.

Under the model, environments characterized by high motherhood penalties, limited labor-market flexibility, weak family policy, or restrictive gender norms increase the likelihood that some women optimally choose early childbirth. By contrast, environments with stronger policy support and lower career interruption costs shift optimal fertility timing later in the life cycle.
The empirical specifications therefore interpret cross-country and over-time variation in early first-birth outcomes as reduced-form manifestations of the timing wedge derived in Section 3.1.1. Educational attainment, labor-market attachment, family policy generosity, and ideological environments are treated as observable determinants of the opportunity cost of motherhood and therefore as determinants of fertility timing outcomes.

In the context of the model, early fertility outcomes correspond to realizations in which the optimal first-birth timing  lies sufficiently close to the lower bound of the feasible fertility window. Country–year variation in first births therefore reflects changes in the share of women whose opportunity-cost wedge favors very early first birth, rather than shifts in average fertility timing across the entire population (Bernardi & Klärner, 2014; Kohler, 1997).

Gender inequality shapes this wedge by constraining educational attainment, limiting career attachment, and amplifying motherhood penalties. In highly unequal environments, early fertility is a rational response to institutional constraints, as the foregone returns to human capital accumulation are relatively small. Conversely, reductions in gender inequality raise the opportunity cost of early childbearing, shifting mass away from the lower tail of the fertility-timing distribution.

Because institutional environments, social norms, and labor-market structures evolve slowly, fertility timing may exhibit persistence and regime dependence (Munshi and Myaux, 2006). In particular, changes in gender inequality may have muted effects in highly unequal or highly egalitarian regimes, while exerting stronger influence in transitional environments. This motivates an empirical strategy that allows for nonlinear responses and path dependence without requiring identification of individual-level fertility choices.

The framework also allows for regime-dependent responses of fertility timing to institutional change. When gender inequality is either very high or very low, fertility behavior may be anchored by coordination equilibria sustained by social customs and shared expectations (Akerlof, 1980). In such environments, marginal institutional reforms generate limited behavioral responses. By contrast, in transitional regimes, small changes in institutional constraints can shift the opportunity-cost wedge sufficiently to induce large reallocations in the timing of first birth. This mechanism provides a theoretical rationale for the nonlinear empirical relationship documented below.

2.3 Empirical Framework
The relationship is likely nonlinear: fertility timing may exhibit persistence and coordination, with changes in gender inequality exerting stronger effects in transitional regimes than in highly unequal or highly egalitarian contexts. Figure 1 illustrates these regime-dependent associations.

Empirically, the paper adopts a reduced-form macro approach, exploiting within-country institutional variation over time to examine whether changes in gender inequality are systematically associated with shifts in fertility timing.
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Figure 1. Regime-Dependent Association Between Gender Inequality and Early Childbearing

Note: The figure illustrates the conceptual mechanism linking institutional gender inequality to fertility timing outcomes. Gender inequality influences reproductive health, empowerment, labor-market participation, and educational opportunity, which together shape the opportunity cost of early childbearing. These institutional constraints affect fertility timing incentives and contribute to variation in early childbearing outcomes. The framework also incorporates persistence and feedback effects arising from slow-moving institutional and social norms.

2.4 Data
The analysis uses a strongly balanced country–year panel of 100 countries[footnoteRef:1] observed annually from 1990 to 2023, yielding 3,400 observations (reduced to 3,300 when including one-year lags). Identification exploits within-country variation over time. [1:  Afghanistan, Australia, Austria, Bahamas, Bahrain, Bangladesh, Barbados, Belgium, Brunei, Canada, Chile, China, Colombia, Congo, Costa Rica, Cote d'Ivoire, Croatia, Cuba, Cyprus, Czechia, Egypt, Estonia, Eswatini, Finland, France, Gambia, Germany, Ghana, Greece, Guinea, Guyana, Haiti, Honduras, Hong Kong, Hungary, Iceland, India, Indonesia, Iran, Iraq, Ireland, Israel, Italy, Japan, Jordan, Kenya, Kuwait, Latvia, Malawi, Mali, Malta, Mexico, Morocco, Mozambique, Myanmar, Namibia, Nepal, Netherlands, New Zealand, Nigeria, Norway, Pakistan, Philippines, Poland, Portugal, Qatar, Reunion, Saint Lucia, Samoa, Saudi Arabia, Senegal, Serbia, Sierra Leone, Singapore, Slovakia, Slovenia, South Africa, Spain, Sri Lanka, Sudan, Sweden, Switzerland, Syria, Tanzania, Thailand, Togo, Trinidad and Tobago, Tunisia, Turkey, Tuvalu, Uganda, Ukraine, United Arab Emirates, United Kingdom, United States, Uruguay, Vietnam, Yemen, Zambia, Zimbabwe] 

Because complete cross-national distributions of age at first birth are unavailable, fertility timing is proxied by first births at young ages, capturing mass in the lower tail of the timing distribution. Data are drawn from the World Bank’s World Development Indicators. To reduce skewness while retaining zeros, the dependent variable is transformed as


so coefficients are interpreted as reduced-form semi-elasticities.
The primary explanatory variables measure gendered institutional environments using United Nations Development Programme (UNDP) indices. The Gender Inequality Index (GII)—rescaled to range from 0 to 1, with higher values indicating greater inequality—captures structural constraints in reproductive health, empowerment, and labor-market participation. The Gender Development Index (GDI) measures gender parity in health, education, and income. While related, the GII reflects binding institutional constraints, whereas the GDI captures capability gaps.

Although GDI includes education-related dimensions through gender parity in schooling, it differs conceptually from the schooling variable used in the analysis. GDI captures gender equality in human-development outcomes, whereas schooling measures the overall level of educational attainment associated with human-capital accumulation. Including both variables allows the analysis to distinguish institutional gender equality from aggregate human-capital levels. Within the framework of the paper, gender inequality affects fertility timing through institutional constraints that shape women’s opportunities and reproductive autonomy, while schooling captures the human-capital environment influencing the opportunity cost of early childbearing. Higher educational attainment is associated with greater incentives for labor-market attachment and delayed fertility timing, whereas stronger institutional gender inequality is associated with earlier fertility timing through reduced educational and career opportunities for women.

The analysis additionally controls for a time-varying education variable (schooling) from UNESCO data disseminated by the World Bank. All specifications include country and year fixed effects, and standard errors are clustered at the country level to account for serial correlation and heteroskedasticity.

All specifications include country fixed effects and year fixed effects. Standard errors are clustered at the country level to account for serial correlation and heteroskedasticity.

2.5 Empirical Strategy
The empirical analysis estimates a series of reduced-form panel specifications designed to examine the relationship between gendered institutional environments and fertility timing. The baseline specification is a two-way fixed-effects model of the form


where  denotes fertility timing in country  and year ,  are country fixed effects that absorb time-invariant heterogeneity such as cultural norms, legal origins, and historical legacies, and  are year fixed effects that capture global shocks and secular trends common across countries. Identification in this specification comes from within-country changes in gender inequality, gender development, and educational attainment over time, net of common global trends. Standard errors are clustered at the country level throughout to account for serial correlation and heteroskedasticity.

A central concern in cross-national fertility research is simultaneity and reverse causality, as fertility outcomes may themselves influence gender institutions through political, economic, or social channels. To mitigate this concern, the analysis estimates specifications in which gender inequality, gender development, and the education control are lagged by one period:


By relating current fertility timing to past institutional conditions, this specification strengthens the interpretation that changes in gender institutions precede changes in fertility behavior, though it does not fully eliminate endogeneity concerns.

The conceptual framework also allows for nonlinear responses of fertility timing to institutional change. In particular, fertility behavior may respond differently to changes in gender inequality across institutional regimes. To examine this possibility, the analysis augments the baseline specification with a quadratic term in gender inequality:


In this specification, the marginal effect of gender inequality on fertility timing is given by , and the implied turning point occurs at . Evidence of statistically significant curvature is interpreted as consistent with regime-dependent institutional effects and coordination frictions emphasized in the theoretical framework.

Finally, to assess persistence and path dependence in fertility timing, the analysis estimates a dynamic fixed-effects specification that includes a lagged dependent variable:


A positive and statistically significant coefficient on the lagged outcome indicates persistence in fertility timing, consistent with slow-moving institutional change and intergenerational transmission of fertility norms. Given that including a lagged dependent variable in a fixed-effects model can introduce Nickell bias when the time dimension is short, this specification is interpreted cautiously. With , the bias is mitigated but not eliminated, and the results are therefore viewed as descriptive evidence on persistence rather than as causal estimates.

3. Results

3.1 Results
Table 1 reports fixed-effects estimates of the relationship between gender inequality and fertility timing. Across specifications, the results consistently indicate that higher gender inequality is associated with earlier fertility timing within countries.

Table 1. Gender Inequality and Childbearing






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

	GII
	0.0126**
(0.0057)
	0.0125**
(0.0057)
	0.0121**
(0.0057)
	
	−0.0428***
(0.0100)
	−0.00116***
(0.00037)

	GII²
	
	
	
	
	0.00028***
(0.00005)
	

	GDI
	−0.006
(0.051)
	−0.024
(0.049)
	−0.024
(0.049)
	
	
	

	Schooling
	
	0.206**
(0.103)
	0.206**
(0.103)
	
	0.103
(0.096)
	0.008
(0.005)

	L1. GII
	
	
	
	0.0108*
(0.0056)
	
	

	L1. GDI
	
	
	
	−0.020
(0.047)
	
	

	L1. Schooling
	
	
	
	0.224**
(0.102)
	
	

	L1. Childbearing
	　
	　
	　
	　
	　
	0.981***
(0.004)

	Year Fixed Effects
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Constant
	27.502***
(0.424)
	27.567***
(0.726)
	26.503***
(0.960)
	26.440***
(0.942)
	28.654***
(0.750)
	0.568***
(0.119)

	Observations
	3,400
	3,400
	3,400
	3,300
	3,400
	3,300

	Within R²
	0.2846
	0.2847
	0.3014
	0.306
	0.4066
	0.9898



Notes:  Dependent variable is the transformed measure of early childbearing, interpreted as a proxy for fertility timing outcomes. All specifications include country and year fixed effects. Standard errors clustered at the country level are reported in parentheses. Columns (1)–(3) report contemporaneous fixed-effects specifications. Column (4) reports one-period lagged institutional variables to mitigate simultaneity concerns. Column (5) includes a quadratic specification for the Gender Inequality Index (GII) to test for nonlinear institutional effects. Column (6) presents a dynamic fixed-effects specification including the lagged dependent variable to assess persistence in fertility timing outcomes. Statistical significance is denoted by * p < 0.10, ** p < 0.05, and *** p < 0.01.

Column (1) presents the baseline specification, which includes the Gender Inequality Index (GII) and year fixed effects. The estimated coefficient on GII is 0.0126 , statistically significant at the 5% level because the dependent variable is transformed as , effects are reported in log points rather than converted to percentage changes, since the  transformation makes percent interpretations depend on the level of . Year fixed effects are jointly significant in all specifications, indicating strong global trends in fertility timing that are absorbed by the model.

Column (2) augments the baseline specification by adding the Gender Development Index (GDI). The coefficient on GII remains virtually unchanged in magnitude and statistical significance, while the coefficient on GDI is small and statistically indistinguishable from zero. This pattern persists in column (3), which further controls for schooling. The stability of the GII coefficient suggests that the estimated relationship is not driven by correlated changes in human development outcomes or educational expansion. By contrast, within-country variation in GDI does not appear to predict fertility timing once country fixed effects and global shocks are accounted for.

Column (3) is the preferred static specification, as it includes the full set of contemporaneous controls available in the data. The coefficient on GII remains positive and statistically significant, while schooling enters positively and is marginally significant. This positive contemporaneous association should not be interpreted as contradicting the model’s prediction that education raises the opportunity cost of early childbearing. The schooling variable captures aggregate educational attainment rather than individual returns to human capital. Within-country increases in schooling often reflect cohort replacement or expansion at lower levels of education, which may coincide with delayed labor-market and fertility responses not fully captured contemporaneously in a fixed-effects framework. Importantly, the inclusion of schooling does not attenuate the estimated effect of gender inequality, indicating that institutional constraints operate independently of aggregate educational expansion.

Column (4) addresses concerns about simultaneity and reverse causality by replacing contemporaneous institutional variables with their one-period lags. The coefficient on lagged GII remains positive and marginally statistically significant , indicating that higher gender inequality in the previous period predicts earlier fertility timing in the current period. Lagged schooling enters positively and significantly, while lagged GDI remains insignificant. A joint cluster-robust Wald test rejects the null hypothesis that the lagged institutional variables are jointly equal to zero , strengthening the temporal interpretation that changes in gender inequality precede changes in fertility behavior.
Column (5) [footnoteRef:2] allows for nonlinear effects of gender inequality by augmenting the baseline fixed-effects specification with a quadratic term in GII. The linear and squared terms are jointly statistically significant, rejecting a purely linear relationship. The implied turning point occurs at , which lies well within the support of the data. A direct evaluation of the marginal effect at this point confirms that it is statistically indistinguishable from zero, indicating a genuine extremum rather than a mechanical artifact of the quadratic specification. [2:  The turning point is computed as  using the estimated coefficients on GII and GII². The marginal effect evaluated at the turning point is exactly zero by construction and is verified numerically using nonlinear combinations of estimators.] 


Figure 2 plots the fitted relationship implied by the nonlinear model. At low to moderate levels of gender inequality, marginal changes in GII are associated with little change in childbearing. At high levels of gender inequality, however, additional increases in inequality are associated with substantially higher rates of early childbearing. Allowing for this nonlinear structure increases the within  from approximately 0.30 in linear specifications to 0.41, revealing heterogeneity that is masked when inequality is constrained to have a constant marginal effect.

Importantly, the nonlinear pattern should not be interpreted as suggesting that gender inequality reduces early childbearing at intermediate levels (Kohler et. al., 2002). Rather, it indicates that the association between gender inequality and fertility timing is state-dependent, with the strongest relationship concentrated in high-inequality institutional environments. This interpretation aligns closely with the theoretical framework, in which gendered constraints on education, labor-market participation, and reproductive autonomy become binding only beyond a sufficiently high level of inequality (Silva and Klasen, 2021). The confidence bands in Figure 2 further suggest that the observed curvature reflects systematic variation across institutional regimes rather than being driven by a small number of extreme observations.

[image: ]
Figure 2. Nonlinear Effect of Gender Inequality on Childbearing

Note: The figure plots the fitted relationship implied by the quadratic fixed-effects specification in column (5), with shaded confidence bands. The relationship exhibits regime dependence: marginal changes in gender inequality have limited association with childbearing at low to moderate levels of inequality but are strongly associated with higher early fertility in high-inequality environments. The turning point occurs at .

Robustness Checks and Diagnostics
Column (6) reports a dynamic fixed-effects specification that includes lagged  to document persistence in very early first-birth outcomes (proxied by BR). The estimated coefficient on the lagged dependent variable is close to unity, indicating substantial inertia in fertility timing within countries. Because dynamic fixed-effects models with near-unit-root outcomes can be sensitive to specification and interpretation, Column (6) is treated as descriptive evidence of persistence rather than as a preferred model for quantifying institutional effects. The paper’s main reduced-form evidence is therefore based on the static and nonlinear specifications.

A range of diagnostic tests supports the empirical strategy. The modified Wald test for groupwise heteroskedasticity strongly rejects homoskedasticity, justifying the use of heteroskedasticity-robust standard errors clustered at the country level. Tests for cross-sectional dependence using Pesaran’s cross-sectional dependence (CD) test also reject independence (, with an average absolute off-diagonal correlation of 0.749 (Pearson, 2004). While year fixed effects absorb common global shocks, some cross-sectional dependence likely reflects regional spillovers or diffusion processes. Importantly, the estimated coefficients on gender inequality are stable across specifications, suggesting that the main findings are not driven by misspecified inference (Bongaarts and Watkins, 1996). 

3.2 Discussion
Taken together, the results provide consistent evidence that gender inequality is systematically associated with earlier fertility timing within countries. This relationship remains robust when institutional measures are lagged, exhibits pronounced nonlinearity and is characterized by strong persistence over time. These patterns suggest that fertility timing responds primarily to slow-moving institutional environments rather than to short-run fluctuations in economic conditions or policy changes.

The findings closely align with recent research emphasizing the institutional foundations of gender inequality and fertility behavior. Goldin (2021) argues that modern labor markets continue to reward inflexible career structures characterized by long and continuous work hours, generating substantial motherhood penalties following childbirth. The results of this paper support this interpretation by showing that institutional gender inequality is associated not simply with fertility levels, but with the timing of first birth itself. In environments where women face limited educational opportunities, weaker labor-market attachment, and greater career interruption costs, early childbearing becomes a rational response to constrained life-cycle incentives.

The results are also consistent with Kleven et al.’s (2019; 2024a; 2024b) literature on child penalties and long-run gender inequality. Their work demonstrates that persistent gender gaps emerge primarily after first birth and are reinforced through labor-market and institutional structures. The strong persistence observed in fertility timing outcomes in this study similarly suggests that fertility behavior reflects slow-moving institutional and normative equilibria rather than purely individual preferences. The nonlinear findings further reinforce this interpretation by indicating that institutional constraints become particularly binding in highly unequal environments.
\
More broadly, the findings support the policy-oriented literature emphasizing the role of family policy and institutional compatibility between employment and childbearing. Olivetti and Petrongolo (2017) show that family-supportive institutions can reduce the trade-off between fertility and labor-market participation by lowering career interruption costs for women. The present findings extend this logic by suggesting that institutional gender inequality shifts fertility timing toward earlier ages when supportive structures are weak or absent.

The results additionally align with the United Nations Development Programme (UNDP, 2023) and World Bank (2012) literature emphasizing that gender inequality constrains long-run human-capital development and economic participation. Early childbearing may therefore function not only as a demographic outcome but also as a mechanism through which institutional inequality reproduces intergenerational disparities in education, labor-market outcomes, and economic opportunity.

From an economic perspective, these findings highlight fertility timing as a critical channel through which gender inequality translates into long-run losses in female human capital and aggregate productivity. Early entry into motherhood is closely linked to lower educational attainment, reduced experience accumulation, and weaker labor-market attachment over the life cycle (Adda et al., 2017). By shifting first births toward younger ages, gender inequality effectively shortens the period during which women can invest in human capital and establish stable career trajectories. When this mechanism operates at scale, it generates persistent cohort-level reductions in female labor supply and earnings, with adverse implications for long-run growth. Importantly, this channel operates through when children are born rather than how many are born, underscoring the economic relevance of fertility timing as distinct from fertility levels (Jones et al., 2011).

The strong persistence documented in the dynamic specification implies that the economic costs associated with gender inequality are likely to be long lived. Fertility timing appears to be embedded in institutional and normative equilibria that evolve slowly through educational systems, labor-market structures, and intergenerational transmission of expectations (Acemoglu and Robinson, 2012). As a result, temporary or narrowly targeted reforms are unlikely to generate immediate changes in fertility behavior. Instead, sustained institutional change—such as durable improvements in women’s legal rights, employment protection around childbirth, and access to reproductive autonomy—is more likely to yield compounding effects over time by gradually shifting life-cycle incentives and expectations across cohorts.
The nonlinear and regime-dependent nature of the relationship between gender inequality and fertility timing helps explain why empirical evidence in the cross-country fertility literature has often appeared mixed. In environments characterized by very high or very low gender inequality, fertility behavior may be anchored by coordination equilibria sustained by complementary institutions and norms, limiting responses to marginal reforms (Bisin and Verdier, 2017). By contrast, in intermediate regimes, small changes in institutional constraints can substantially alter the opportunity-cost wedge facing women, leading to large reallocations in the timing of first birth. This heterogeneity implies that the economic returns to gender-equality reforms are highly context-dependent and cautions against uniform policy prescriptions.

Finally, the weak association between gender development and fertility timing underscores the distinction between capabilities and constraints. Improvements in health, education, and income parity, while necessary, may be insufficient to alter fertility behavior if institutional barriers such as limited reproductive autonomy, insecure employment, or rigid labor-market structures remain binding (Jayachandran, 2021).

Overall, the findings suggest that gender inequality affects long-run development not only by influencing women’s participation in education and labor markets, but also by shaping the timing of family formation in ways that have persistent economic consequences. The results indicate that institutional environments which reduce gender inequality and relax constraints on women’s life-cycle choices are associated with stronger human-capital accumulation and productivity over time, extending beyond their immediate relationship with fertility behavior.
The findings should be interpreted primarily within institutional environments where access constraints remain binding. In advanced economies operating closer to the educational frontier, fertility behavior may instead be shaped more strongly by opportunity costs and child-rearing expenses rather than by institutional inequality itself. The present results therefore speak most directly to the timing channel of fertility under heterogeneous institutional regimes and do not imply that gender equality uniformly increases fertility levels. Distinguishing between fertility timing and overall fertility outcomes helps reconcile these results with evidence from advanced economies emphasizing delayed and reduced childbearing.

4. Conclusion 

From an economic perspective, these findings are consistent with an important mechanism through which gender inequality can depress long-run productivity and growth. Very early entry into motherhood (i.e., first births occurring at young ages) is closely linked to lower educational attainment, weaker labor-market attachment, and reduced lifetime earnings for women. By shifting the ability to conceive children toward earlier ages, gender inequality shortens the period of human capital accumulation and weakens women’s attachment to the labor market over the life cycle. When widespread, these individual-level effects aggregate into persistent losses in human capital and output, particularly in economies where early first fertility remains prevalent.

The strong persistence in fertility timing documented in the dynamic specifications suggests that these economic costs are likely to be long lived. Institutional environments that encourage early fertility can become self-reinforcing through educational systems, labor-market structures, and social norms, limiting the effectiveness of short-lived or narrowly targeted policy interventions. Conversely, sustained institutional reforms that expand women’s educational and labor-market opportunities can generate compounding benefits over time by gradually shifting fertility timing and strengthening human capital accumulation across cohorts.
The results also carry important policy implications. First, policies that focus solely on improving aggregate outcomes—such as increasing average educational attainment or income parity—may be insufficient to alter fertility behavior if underlying institutional constraints remain binding. The weak and unstable association between the Gender Development Index and fertility timing highlights the distinction between capabilities and constraints: expanding access to education and health services is necessary but not sufficient if women continue to face limited reproductive autonomy or exclusion from stable employment.
Second, the nonlinear and regime-dependent nature of the results implies that the returns to gender-equality reforms are highly context dependent. In moderately unequal environments, incremental reforms may yield limited short-run changes in fertility behavior. In contrast, in high-inequality settings—where institutional constraints are most binding—reforms that strengthen women’s rights, protect post-birth employment, and expand access to reproductive health services can generate large shifts in fertility timing. Policy prioritization should therefore differ across countries depending on their position in the gender-inequality distribution.

Finally, the persistence of fertility timing underscores the importance of credibility and durability in policy design. Temporary interventions are unlikely to overturn entrenched norms or coordination equilibria. Instead, sustained reforms that jointly address education, labor-market institutions, and reproductive autonomy are more likely to decouple career investment from fertility timing, enabling women to delay childbearing without sacrificing family outcomes.
Overall, the analysis highlights fertility timing as an underexplored mechanism linking institutional environments to long-run human-capital dynamics. By distinguishing between the timing and overall fertility outcomes of fertility, this paper contributes to bridging micro-level demographic behavior with macroeconomic development outcomes. The results should be interpreted as evidence of institutional transmission channels rather than causal policy prescriptions. Future research may extend the framework by incorporating cost-based mechanisms and advanced-economy dynamics where opportunity costs dominate fertility decisions. 
Limitations
This study has several limitations. First, the analysis uses macro-level country-year data and therefore cannot directly identify individual-level fertility decisions. Second, early childbearing is used as a proxy for fertility timing because consistent cross-country first-birth distribution data are limited. Third, although fixed-effects models reduce omitted-variable bias, endogeneity concerns may still remain. Fourth, the dynamic fixed-effects specification is interpreted cautiously because it may be affected by Nickell bias. Finally, differences in data quality and reporting standards across countries may influence the results.
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