
�&
�4�(�
���&

�D
�P

�O
�P

�N
�Z

�
���B
�O

�E
���'�F

�S
�U

�J�M
�J�U

�Z
�����"���.�B

�D
�I�J�O

�F
���-�F

�B
�S

�O
�J�O

�H
���"�O

�B
�M

�Z
�T

�J�T
���P

�G
���"�1�&

�$���&
�D

�P
�O

�P
�N

�Z
�)�X

�B
�O

�P
�P

�O
�H

���-�F
�F

���B
�O

�E
���,�B

�I�Z
�V

�O
���-�F

�F

�"�1�&�$
�4�U�V�E�Z���4�F�S�J�F�T

����������

�&�4�(�
���&�D�P�O�P�N�Z�
���B�O�E���'�F�S�U�J�M�J�U�Z����
�"���.�B�D�I�J�O�F���-�F�B�S�O�J�O�H���"�O�B�M�Z�T�J�T���P�G��
�"�1�&�$���&�D�P�O�P�N�Z

�)�X�B�O�P�P�O�H���-�F�F���B�O�E���,�B�I�Z�V�O���-�F�F



Price USD 3

Founded in 1989, the Korea Institute for International Economic Policy 
(KIEP) is a government-funded research institute established to conduct studies, 
research and analyses of global economic issues that impact the Korean economy, 
and to help guide the nation toward effective international economic policies.

KIEP is responding to recent developments in the global economy, conducting 
a wide range of research projects that will offer significant implications for the 
government’s New Northern and New Southern policies, a new trade policy 
regime that aims to support inclusive growth, and international macro-financial 
initiatives in line with the unfolding 4th Industrial Revolution. 

We are committed to introducing policies that can elevate the nation’s 
capacities for innovative growth, and to promote international discourse on issues 
that impact the global community, as we ensure that KIEP remains an influential 
global think tank that leads the formulation of international economic policies.

Since its founding, KIEP has conducted insightful studies on newly emerging 
economies and global regions, and has dedicated itself to the development of trade 
negotiations and national agendas.

KIEP will continue its policy research on global and regional economies, 
trade investment and international macro-finance, with the aim of contributing to 
sustainable growth as a responsible research institute, and establishing itself as a 
nationally reliable institute through the dedicated efforts of all KIEP members.

370 Sicheong-daero, Sejong-Si 30147, Korea
Tel: 8244) 414-1118 / Fax: 8244) 414-1144
URL: http://www.kiep.go.kr



ESG, Economy, and Fertility: A Machine 
Learning Analysis of APEC Economy

Hwanoong Lee and Kahyun Lee

APEC Study Series 25-02



APEC Study Series 25-02

ESG, Economy, and Fertility: 
A Machine Learning Analysis of APEC Economy

KOREA INSTITUTE FOR
INTERNATIONAL ECONOMIC POLICY (KIEP)

Building C, Sejong National Research Complex, 370, 

Sicheong-daero, Sejong-si, Korea

Tel: 82-44-414-1118  Fax: 82-44-414-1144

URL: http://www.kiep.go.kr

Siwook Lee, President

Published December 5, 2025 in Korea by KIEP

ISBN 978-89-322-0154-2 94320

978-89-322-0012-5 (set)

Price USD 3

ⓒ2025 KIEP

This publication is printed on eco-friendly paper under
KIEP’s ESG policy.



Executive Summary 3

Executive Summary

This paper investigates how environmental, social, and governance (ESG) 
conditions, together with economic factors, shape fertility dynamics in APEC 
economies. Using World Development Indicators from 1996 to 2021 and assembling 
more than 1,400 indicators, we predict annual changes in the crude birth rate. Models 
are trained on non-APEC economies and tested out of sample on APEC economies. 
Random Forest achieves the lowest RMSE at 0.397, and models that combine ESG 
and economic variables outperform those relying on economic indicators alone, with 
RMSE values of 0.271 and 0.298 respectively. SHapley Additive Explanations 
(SHAP) reveal that environmental factors are the most influential predictors of 
fertility in APEC, followed by governance, while social factors are smaller in 
magnitude but show increasing importance over time. Lag analysis indicates 
short-run effects for social and governance variables at one-year lags and medium- 
term cumulative effects for environmental variables, peaking around four years. 
Country-level profiles highlight clear heterogeneity: environmental drivers dominate 
in China and Russia, governance factors are most important in Korea and the United 
States, and social influences are stronger in Canada and Japan. The study provides a 
comprehensive, externally validated, and interpretable framework for fertility 
prediction, while emphasizing that the analysis remains predictive and associational 
rather than causal. We regard this as a first step toward more rigorous causal 
evaluation of the highlighted drivers.

Keywords: Fertility, APEC, ESG, Machine learning, SHAP, Environmental quality, 
Governance, Social policy

JEL Classification: J13, Q56, C55, C53
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ESG, Economy, and Fertility: A Machine 
Learning Analysis of APEC Economy

Hwanoong Lee*1) and Kahyun Lee**2)

1. Introduction

Fertility decline has emerged as one of the most pressing demographic 
challenges of the twenty-first century. While once considered a phenomenon 
confined largely to advanced industrialized economies, declining fertility rates are 
now observed across diverse regions and stages of development. In particular, 
economies within the Asia-Pacific Economic Cooperation (APEC) forum 
illustrate the breadth and heterogeneity of this challenge.1) APEC encompasses 
advanced economies such as Japan, Korea, and the United States, newly 
industrialized economies such as Singapore, Taiwan, and Hong Kong, and rapidly 
developing members including Indonesia, Vietnam, and Peru. Several of these 
economies—most notably Korea, Japan, and Singapore—have already entered 
the stage of ultra-low fertility, with total fertility rates (TFR) falling well below 

** Konkuk University, 120 Neungdong-Ro, Gwangjin-gu, Seoul, Korea, +82-2-450-3618, Email: holee
@konkuk.ac.kr

** Hongik University, 94 Wausan-Ro, Mapo-gu, Seoul, Korea, +82-2-320-2159, Email: leekahy
@hongik.ac.kr

1) According to the United Nations World Population Prospects (2022 Revision, published 2023), 
recent total fertility rates (TFR, births per woman) in APEC member economies vary widely: 
Korea (0.72), Hong Kong (0.75), Singapore (0.97), China (1.00), Japan (1.20), Thailand (1.21), 
Canada (1.26), Australia (1.50), Russia (1.41), United States (1.62), Malaysia (1.55), Mexico (1.91), 
Vietnam (1.91), Philippines (1.92), and Indonesia (2.13). These figures illustrate the divergence 
between ultra-low fertility societies and those still near or above replacement levels (United 
Nations, Department of Economic and Social Affairs, Population Division, 2023).
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replacement levels. Others, while currently maintaining moderate fertility, face 
rapid projected declines. This diversity renders the APEC region an ideal 
laboratory to examine fertility dynamics within a comparative and policy-relevant 
framework. Understanding the drivers of fertility change in this context is critical 
not only for anticipating demographic transitions but also for shaping long-run 
economic and social sustainability.

This paper extends the analysis of fertility decline by introducing the 
environmental, social, and governance (ESG) framework into demographic 
economics. Originally designed to assess corporate sustainability, ESG indicators 
can be generalized to the national level to capture macro-level conditions such as 
environmental protection, gender equality, social welfare provision, and 
institutional quality. Linking these dimensions to fertility outcomes offers a novel 
perspective that goes beyond traditional determinants such as income, labor 
markets, or childcare policies. By leveraging the World Development Indicators 
(WDI) and related international databases—including measures of CO₂ emissions, 
female labor force participation, corruption perceptions, education, health, 
urbanization, and macroeconomic performance—we systematically examine 
which national-level factors best account for fertility decline in the APEC region.

Our central question is straightforward: How do ESG and economic variables jointly 
influence fertility trends in APEC economies? To answer this, we employ a machine 
learning framework that captures complex, non-linear interactions across a wide 
set of indicators. We then apply SHapley Additive Explanations (SHAP), which 
decompose model predictions into variable-level contributions, allowing us to 
compare the relative importance of environmental (E), social (S), governance (G), 
and economic factors across time, lags, and economies. The data cover 1996-2021 
and include more than 1,400 indicators. We train models on a global sample of 
non-APEC economies (~2,600 observations) and evaluate them on the held-out 
APEC sample (~370 observations), ensuring an external test of predictive 
generalizability.

The results show that combining ESG and economic variables substantially 
improves predictive performance relative to using economic indicators alone. 
Among competing algorithms, Random Forest achieves the lowest root mean 
squared error in the APEC test set (0.397), outperforming LightGBM (0.412) and 
XGBoost (0.429). SHAP analysis reveals that environmental indicators exert the 
largest influence on fertility changes in APEC economies, followed by governance, 
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while social factors—although smaller in magnitude—have grown in importance 
over time. Lagged effects show that social and governance variables have 
short-run impacts, whereas environmental conditions exert medium-term 
cumulative effects. At the economy level, environmental drivers dominate in 
China and Russia, governance in Korea and the United States, and social factors in 
Canada and Japan.

This paper makes three contributions. First, it offers the most comprehensive 
framework to date for examining fertility decline, jointly considering ESG and 
economic indicators, whereas most previous studies have focused on a narrow set 
of determinants. Second, it introduces a global-to-regional design—training 
models on non-APEC economies and testing on APEC economies—that 
provides a rigorous assessment of external validity. Third, it demonstrates how 
predictive modeling can be reconciled with interpretability through SHAP 
analysis, yielding insights directly relevant for policy debates.

At the same time, our approach has clear limitations. The analysis focuses on 
prediction and associational inference rather than causal identification. The fact 
that a variable improves forecast accuracy does not imply that it has a causal effect 
on fertility. This study should therefore be viewed as a first step: it identifies 
candidate variables with predictive power, laying the groundwork for subsequent 
research using quasi-experimental or causal inference designs to establish causal 
pathways. Limitations also arise from potential measurement error in national 
indicators, unobserved cultural and institutional heterogeneity, and data 
availability constraints.

The remainder of the paper proceeds as follows. Section 2 introduces the 
theoretical framework, extending Becker’s quality-quantity model to incorporate 
ESG channels. Section 3 describes the data and preprocessing procedures. Section 
4 outlines the machine learning methodology and SHAP approach. Section 5 
presents the main results. Section 6 discusses their implications for fertility policy 
and ESG strategies. Section 7 concludes.
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2. Theoretical Framework

2.1. The Becker’s Quantity and Quality Framework2) 

The starting point for the economic analysis of fertility is the framework 
developed by Becker (1960) and extended by Becker and Lewis (1973). In this 
setting, households derive utility from the number of children, denoted by 

, the quality of each child, , and a composite of all other 
consumption, . Preferences are represented by a utility function , which 
is assumed to be continuous, quasi-concave, and strictly increasing in each 
argument.

The key concept in this framework is the full price of a child, which 
incorporates not only direct monetary costs but also the value of parental time and 
career-related penalties. Formally, the full price of one child is given by (1)
where  denotes monetary expenditures such as childcare, medical services, 
and education,  is the time requirement associated with child-rearing,  is the 
wage rate reflecting the opportunity cost of time, and  captures fixed career or 
organizational penalties associated with parenthood. Given disposable or 
permanent income , the household faces the budget constraint. (2)

The optimization problem can be expressed using the Lagrangian, (3)
where  is the marginal utility of income. At an interior optimum, the first-order 
conditions are

(4)
2) The exposition in this section draws on Becker (1960) and Becker and Lewis (1973).
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with P′(q)=m′(q)+wt′(q). The first condition states that the marginal willingness to 
pay for an additional child (measured in consumption units) must equal the full 
price, while the second condition requires that the marginal willingness to pay for 
additional quality equals its marginal cost multiplied by the number of children. A 
central insight of Becker and Lewis (1973) is that since P'(q) > 0, raising child 
quality increases the cost of each child, and because this cost is applied to all 
children, quality and quantity are cost-complements. This implies that choices 
about the number and quality of children cannot be separated but are inherently 
linked through the cost structure.

Comparative Statics with Respect to Costs

To illustrate how changes in monetary and time costs affect fertility decisions, 
it is useful to adopt a quasi-linear utility specification of the form (5)
so that  and . This assumption eliminates income effects on composite 
consumption and allows us to focus solely on relative price changes. The 
first-order conditions then reduce to. (6)

Consider first a level increase in monetary costs, m(q)↦m(q)+Δm. This raises 
P(q) uniformly while leaving P'(q) unchanged. As a result, the optimal number of 
children declines because their marginal cost is higher, while the quality per child 
tends to rise, since a smaller number of children makes it optimal to allocate more 
resources to each. 

By contrast, if the slope of monetary costs increases, m'(q)↑, both P(q) and 
P′(q) rise. In this case, the marginal cost of quality becomes steeper, leading to 
reductions in both child quality and child number.

Turning to the time dimension, a higher wage raises both P(q) and P'(q) 
through the opportunity cost of time. This makes children more expensive in both 
number and quality, yielding reductions in both. However, in practice, higher 
wages also raise household income, which can offset the decline in quality or 
render the effect on the number of children ambiguous. Similarly, an increase in 
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the level of time requirements, t(q)↦t(q)+Δt, resembles a level increase in 
monetary costs: the number of children falls, while quality tends to rise. A steeper 
time requirement, t′(q)↑, works like steeper monetary costs, depressing both 
number and quality.

In sum, within the Becker-Lewis framework, the most direct policy levers to 
raise fertility are those that reduce the full price P(q). These include subsidies for 
monetary costs m(q) such as childcare, education, and health expenditures; 
measures that reduce time costs w·t(q) through universal or extended-hours 
childcare, flexible or shorter working hours, and parental leave; and regulations 
that mitigate career penalties ϕ by ensuring promotion protection, re-entry 
opportunities, and protection against discrimination.

By contrast, broad income transfers that are not contingent on childbearing 
operate mainly through the income channel. Because of the quantity-quality 
trade-off, their effect on fertility is theoretically ambiguous, as additional income 
may be allocated disproportionately to child quality rather than to the number of 
children. In contrast, child-contingent benefits that directly lower the marginal 
cost of raising children are more likely to exert a positive and predictable impact 
on fertility.

2.2. ESG Factors and Fertility: A Review of the Evidence

Environmental (E): Biological constraints and timing responses

Environmental stressors have been shown to directly impair fecundity and 
reduce births through both biological and behavioral channels. Recent quasi- 
experimental evidence from 657 NUTS-3 regions in Europe demonstrates that 
higher air pollution causally depresses fertility. Exploiting exogenous variation in 
wind and heating-degree days as instruments, the study finds that a one- 
standard-deviation increase in particulate matter is followed by a 14.1% decline in 
births the next year and a 17.2% decline two years later, indicating substantial net 
fertility losses rather than simple timing shifts (Stump and Szabó-Morvai 2025). In 
the United States, Barreca et al. (2018) show that high-temperature shocks reduce 
conceptions and subsequent births, with only partial rebounds, again pointing to 
net reductions. Medical and epidemiological research provides corroborating 
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evidence: systematic reviews document that exposure to PM₂.₅ lowers 
fecundability, reduces ovarian reserve, and diminishes the success rates of assisted 
reproduction (Siegel et al. 2023). In addition to these biological mechanisms, 
subjective perceptions of environmental risk matter. For instance, recent Italian 
evidence finds that climate-change concerns are negatively associated with 
short-run fertility intentions (Puglisi, Muttarak, and Vignoli 2025).

Social (S): The shadow price of children and compatibility with work

Social policies shape the financial and time costs of childbearing, thereby 
influencing fertility behavior. Using individual panel data linked to national 
spending, Kalwij (2010) shows that greater family-policy expenditure on 
allowances, leave, and childcare advances timing and raises completed fertility in 
Western Europe by reducing mothers’ opportunity costs. Case studies from Italy 
highlight that access to affordable childcare and part-time employment raises both 
women’s labor-force participation and childbirth probability, underscoring the 
complementarities between care infrastructure and fertility (Del Boca 2002). At a 
broader theoretical level, the “second gender revolution” thesis posits that 
increases in men’s involvement in household and care work are necessary for 
fertility rebounds in very low-fertility contexts (Goldscheider, Bernhardt, and 
Lappegard 2015). Social trust and the broader societal climate also play a role: 
panel data from Switzerland (2004-2021) show that declines in generalized trust 
and increased social uncertainty are associated with weaker first- and second-birth 
intentions (Comolli 2023).

Governance (G): Credibility, execution, and risk premiums

Governance quality conditions the extent to which environmental and social 
policies translate into lower child costs and improved health. Theoretically, 
corruption distorts public-goods provision and alters the child quantity-quality 
trade-off; empirically, stronger institutions are linked to more predictable 
environments for fertility decision-making. Varvarigos and Arsenis (2015) develop 
a model and present cross-economy evidence showing that corruption influences 
fertility through its effects on human-capital accumulation. Direct evidence on 
political confidence comes from East Asia: Cheung, Lui, and Mu (2024) show that 
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higher political efficacy significantly raises fertility intentions in Hong Kong, 
Taiwan, and Singapore. Conversely, exposure to armed conflict reduces fertility in 
Sub-Saharan Africa (Thiede et al. 2020), while international peacebuilding 
interventions in Liberia have been shown to reduce fertility by improving security 
and raising women’s opportunity costs (Bove et al. 2024). Finally, weak rule of law 
and high corruption are associated with worse maternal and infant health 
outcomes, plausibly discouraging fertility by raising perceived and actual risks of 
childbearing (Pinzón-Rondón et al. 2015).

Synthesis: Three channels of ESG influence

Taken together, the literature highlights three interlinked channels through 
which ESG dimensions influence fertility:

1. Biological/health channel (E, moderated by S and G): Pollution and heat reduce 
fecundity, increase pregnancy loss, and lower ART success, effects that are 
partly mitigated by health-system access and effective governance.

2. Cost or “shadow-price” channel (S, moderated by E and G): Childcare, leave, 
and cash benefits reduce the opportunity cost of children, while environmental 
stressors (e.g., heat) can raise the cost of child rearing (healthcare, cooling, 
housing). Credible, well‑implemented policies (G) compress the variance of 
these costs over the life‑cycle.

3. Uncertainty/trust channel (G and S, often triggered by E): Climate anxiety and 
declining social trust reduce the probability that intentions translate into births; 
stronger institutions and political efficacy increase policy predictability and 
lower the risk premium on childbearing. Importantly, such mechanisms are not 
explicitly captured in the traditional Becker framework, which treats the price of 
child quality, P(q), as deterministic. 

Note that in order to incorporate this channel formally, one can model P(q) as 
a stochastic variable with variance . Under risk aversion, parents face a certainty- 
equivalent cost of child-rearing that includes a risk premium proportional to . 
Improved governance and social trust can thus be interpreted as reducing, 
lowering the effective shadow price of children and narrowing the gap between 
fertility intentions and realized fertility.
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2.3. ESG in the Becker Framework

In the Becker-Lewis framework, the full price of a child is (7)
where m(q) denotes monetary outlays, t(q) the time requirement, w the 
opportunity cost of time, and ϕ a career penalty. Entry occurs when ; 
at the intensive margin, households equate  and . 
ESG conditions shift these components and their uncertainty through three main 
channels.

Biological/health channel

Environmental stressors such as air pollution and extreme heat affect fertility 
primarily through biological and health pathways. Exposure reduces fecundity, 
increases pregnancy loss, and lowers ART success rates, thereby raising expected 
medical and care needs and, in Becker’s framework, increasing both monetary 
costs m(q) and time requirements t(q).

First, maternal and neonatal exposure to ambient pollution is associated with 
pregnancy complications—including hypertensive disorders, preterm birth, low 
birth weight, and neonatal respiratory conditions—that increase the frequency and 
intensity of prenatal and postnatal care. These risks elevate household 
expenditures on drugs, tests, hospital admissions, and neonatal intensive care, 
while simultaneously raising the time burden of clinic visits, waiting, and caregiving. 

Second, pollution exposure lowers the success of assisted reproductive 
technologies. Elevated particulate matter concentrations at the time of oocyte 
retrieval and implantation reduce the probability of pregnancy and live birth, 
leading to additional treatment cycles, higher medical spending, and greater time 
devoted to visits and recovery. Similar mechanisms apply to male fecundity: 
reduced sperm count and motility under air pollution increase the need for 
diagnosis, treatment, and repeated ART procedures, again raising both m(q) and 
t(q).

Third, early-life respiratory illness illustrates the indirect effect on families. 
Higher pollution is consistently linked to increased pediatric asthma and 
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emergency admissions. Natural experiments, such as the Stockholm congestion 
charge, show that improvements in air quality reduce acute asthma attacks. 
Conversely, elevated pollution requires more hospital visits and parental caregiving 
time, constraining parental labor supply and household time allocation.

Finally, extreme heat raises residential energy demand and increases the 
frequency of power outages, particularly affecting households with infants and 
pregnant women. These conditions raise direct energy expenditures and impose 
additional time costs for managing childcare and emergency responses, further 
increasing m(q) and t(q).

Taken together, pollution and heat not only raise the mean levels of m(q) and 
t(q) but also amplify their variance by making health outcomes and service access 
more uncertain. In Becker’s framework, this translates into a higher effective full 
price of children, incorporating both average costs and a risk premium, thereby 
reducing fertility unless mitigated by access to health services (S) and strong 
governance (G).

Cost or shadow-price channel (S, moderated by E and G)

Social factors influence fertility by shaping the monetary, time, and career 
components of the full price of children, P(q). Higher female education raises 
labor market opportunities and thus increases the opportunity cost of time, 
shifting preferences toward child quality. At the same time, public investments in 
health and education infrastructure reduce expected medical expenditures and 
caregiving demands, lowering m(q) and t(q). Reliable access to affordable 
childcare and community health services further reduces household outlays and 
parental time burdens. Female labor force participation and progress in gender 
equality have mixed effects: while higher wages raise the time price w·t(q), 
supportive workplace arrangements and equitable division of household labor 
mitigate career penalties ϕ. Finally, higher social trust and confidence in public 
services reduce uncertainty about the continuity of support, compressing the 
variance of costs. Overall, improvements in social conditions tend to lower the 
effective full price of children, though realized fertility responses depend on 
utilization, cultural norms, and the balance between rising opportunity costs and 
reductions in direct and time-related burdens.
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Uncertainty/trust channel (G and S, often triggered by E)

Uncertainty in child-rearing costs alters fertility decisions not by leaving the 
full price unchanged, but by raising its effective level. Risk-averse households 
attach a premium to the variance of expenditures and time demands, so that the 
certainty-equivalent cost of a child exceeds its expected mean. In Becker’s 
framework, this implies that environmental shocks, policy instability, or low social 
trust increase the perceived full price of children. The result is a tightening of the 
marginal-benefit-marginal-cost condition at both the intensive and the extensive 
margins, discouraging fertility.

Governance quality and social trust directly reduce the uncertainty premium 
by lowering the variance of expected child-rearing costs. Strong and predictable 
institutions, reliable implementation of policies, and confidence in public services 
stabilize expectations, thereby lowering the effective full price of children. 
Similarly, higher levels of social trust increase parents’ confidence that promised 
services—such as childcare coverage or healthcare provision—will materialize 
when needed, which stabilizes expectations and eases the cost of family formation. 
By contrast, climate anxiety, environmental volatility, and weak institutions 
increase the variance of child-rearing costs. For risk-averse households, this higher 
variance translates into a risk premium that raises the effective shadow price of 
children, thereby lowering the likelihood that fertility intentions translate into 
realized births.

Implications

Within Becker’s framework, ESG conditions affect fertility through health, 
cost, and uncertainty. 

(i) Environmental improvements that reduce pollution and heat exposure are 
predicted to increase fertility primarily by lowering expected medical outlays 
and caregiving time—m(q)↓, t(q)↓—and by compressing their variance; 
effects typically materialize with medium lags. 

(ii) Social factors have mixed but testable effects: higher female education and 
labor market opportunities raise the time price w·t(q) and shift resources 
toward quality, whereas stronger public provision and reliable access to 
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childcare, health, and education services lower m(q) and t(q) and reduce career 
penalties ϕ. Net fertility effects therefore depend on utilization, workplace 
norms, and the balance between rising opportunity costs and reductions in 
direct and time-related burdens. 

(iii) Governance quality and social trust directly reduce the variance of child-rearing 
costs, lowering the uncertainty premium and thus the effective full price of 
children; by contrast, climate anxiety, environmental volatility, and weak 
institutions raise variance and, for risk-averse households, increase the 
risk-adjusted price, tightening the MB=MC condition at both margins. 

(iv) Policy-relevant decomposition: factors that directly reduce m(q), t(q), or ϕ are 
expected to raise first-birth probabilities and completed fertility, with larger 
gains under strong governance; non-child-contingent income transfers act 
through the income channel and remain theoretically ambiguous due to the 
quantity-quality trade-off, whereas child-contingent cash or in-kind support 
lowers the marginal cost of an additional child and is pro-natal.
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3. Data

3.1. Data Source and Scope

This study leverages the World Bank’s World Development Indicators (WDI) 
as the primary data source. The WDI is a comprehensive and authoritative 
database widely recognized for its extensive, cross-economy comparable statistics 
covering a broad spectrum of economic, social, and environmental themes. It 
provides critical data used globally for research, policymaking, and monitoring 
sustainable development goals. The richness of WDI lies in its coverage of diverse 
indicators that facilitate multi-dimensional analysis of development issues at the 
national level over extended periods. The dataset includes a total of 1,492 variables 
encompassing economic, environmental, social, and governance dimensions relevant 
to the study. The dataset is structured as a panel covering multiple economies 
worldwide, ensuring robust cross-sectional and temporal representativeness. The 
temporal coverage spans from 1996 through 2021, providing 26 years of annual 
observations. Within this timeframe, the dataset consists of 2,991 economy-year 
observations(372 for APEC economies and 2,619 for non-APEC economies). 
This wider sample is essential for model training and generalizability testing, as 
non-APEC data are employed to train the prediction models, while APEC data 
serve as the test set.

3.2. Variables

3.2.1. Dependent Variable

The primary dependent variable in this study is the annual change in the Crude 
Birth Rate (CBR) for each economy-year observation. The CBR is measured as 
the number of live births per 1,000 population within a given year. By focusing on 
the annual change rather than the absolute level of the CBR, the analysis aims to 
capture the dynamic fluctuations in fertility rates and to identify the factors driving 
these changes over time. For the APEC member economies, the annual change in 
CBR ranges from a minimum value of -4.80 to a maximum of 1.58, with a median 
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of -0.225 and a standard deviation of 0.475. This distribution indicates a wider 
variability and a more pronounced decline in fertility rates within the APEC 
region. In contrast, examining the non-APEC economies reveals a narrower range 
of change in fertility rates. The annual change in CBR for non-APEC economies 
spans from -2.90 to 2.30, with a median of -0.27 and a standard deviation of 0.451. 
The median values for both groups are similar, reflecting a general trend of fertility 
decline globally, but the APEC economies exhibit a greater spread and more 
extreme negative changes.

Table 1. CBR rate change for APEC and non-APEC economies

Min Max Med STD

non-APEC -2.90 2.30 -0.27 0.45

APEC -4.80 1.58 -0.25 0.47

Source: World Bank(2024), WDI(accessed on March 15, 2025).

3.2.2. Independent Variables

The independent variables in this study are meticulously selected to represent 
the multifaceted dimensions of Environmental, Social, and Governance (ESG) 
factors, alongside key economic indicators to contextualize fertility rate dynamics 
comprehensively. Importantly, to avoid spurious correlations and mechanical 
linkages with the dependent variable (ΔCBR), we excluded variables that are 
directly tied to demographic structure or reproductive outcomes. These excluded 
variables include demographic indicators (e.g., age-structure related counts), 
pregnancy- and childbirth-related indicators, and certain education-related count 
variables such as Primary education, pupils. The ESG classification of individual 
variables is provided in the Appendix. The categorization of variables into E, S, G, 
and economic dimensions was independently conducted by two graduate research 
assistants, and any discrepancies between their classifications were resolved 
through final adjudication by one of the co-authors. These variables, sourced from 
the World Bank’s World Development Indicators (WDI), serve as proxies for the 
national-level ESG performance and economic conditions across economies.
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Environmental (E) Indicators

The Environmental dimension encompasses various measures related to 
ecological sustainability and resource management, reflecting a economy’s 
interaction with its natural environment. This category includes 147 variables 
capturing critical aspects such as energy consumption patterns, the proportion of 
renewable energy usage, greenhouse gas emissions (notably CO2 emissions), 
pollution indices, and climate change adaptation efforts. These indicators 
collectively illustrate environmental pressures and resilience, which may indirectly 
affect demographic behaviors through health impacts, economic stability, and 
perceived future living conditions.

Social (S) Indicators

The Social category constitutes the most extensive set with 568 variables 
covering a broad spectrum of human development and wellbeing indices. These 
include education levels and accessibility, healthcare infrastructure, government 
expenditure on health and social services, human rights conditions, labor market 
characteristics—including female labor force participation rates—and gender 
equality metrics. Additionally, social welfare provisions and population health 
statistics are integral components. By encompassing diverse social dimensions, 
this category helps capture how societal structures and quality of life influence 
fertility decisions and trends.

Governance (G) Indicators

The Governance dimension comprises 123 variables drawn primarily from the 
Worldwide Governance Indicators (WGI) program available via WDI. These 
indicators assess the institutional frameworks and political environment within 
each economy, focusing on government effectiveness, regulatory quality, the rule 
of law, control of corruption, and political stability. Strong governance is 
fundamental in shaping policies that impact social and environmental outcomes, 
which in turn may influence demographic changes such as fertility rates.
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Economic Indicators

In addition to the ESG variables, the study includes a comprehensive set of 
592 purely economic indicators to control for the broader economic context 
influencing fertility patterns. These cover macroeconomic measures such as Gross 
Domestic Product (GDP) per capita, external trade volumes (exports and 
imports), inflation and price levels, exchange rates, and consumer spending 
behaviors. Integrating these economic factors ensures that the analysis accounts 
for traditional economic determinants of fertility alongside ESG-related drivers.

3.3. Data Preprocessing

To prepare the dataset for robust machine learning modeling, several 
comprehensive preprocessing steps were undertaken to ensure data quality, 
temporal relevance, and completeness.

Handling Temporal Dynamics

Given the time-series panel structure of the data, temporal dependencies and 
lagged effects of ESG and economic variables on fertility changes were explicitly 
incorporated. For each independent variable, features representing a five-year 
historical window were created, denoted as lagged variables from t−1 to t−5. This 
enabled the models to capture delayed and cumulative influences on the annual 
change in the CBR. Additionally, year-over-year change features (delta variables) 
were generated for all ESG indicators. These delta variables quantify the rate of 
change in environmental, social, and governance factors annually, providing 
dynamic insights beyond static levels and allowing the model to learn from trends 
and transitions in ESG performance over time.

Missing Data Treatment

Given the breadth and heterogeneity of the source variables, missing data 
presented a significant challenge. A two-stage approach was applied to address 
this issue:
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- Observation Filtering: economy-year data points exhibiting a missing rate exceeding 
30% across all variables were excluded from the analysis. This filtering reduced 
the risk of imputing overly sparse or unreliable observations that could degrade 
model performance.

- Interpolation Imputation: For the remaining missing values within variables and 
observations, interpolation methods were applied to estimate and fill gaps. This 
continuous data imputation approach preserves the temporal sequencing and 
smoothness in the panel data, allowing for a more credible reconstruction of 
missing information without introducing bias through arbitrary replacements.

Dataset Partitioning for Model Training and Testing

A unique methodological design was implemented in partitioning the dataset 
to assess model generalizability. Rather than random splitting, the dataset was 
divided based on geopolitical grouping:

- Training Set: Data from non-APEC economies comprising 2,619 economy-year 
observations were used exclusively to train the machine learning models. This 
global training set ensures the models learn generalized patterns of fertility 
dynamics influenced by ESG and economic factors.

- Test Set: The 372 economy-year observations from the APEC member 
economies served as the distinct test set. This allowed for an evaluation of how 
well the model, trained on a broad global sample, performs when applied 
specifically to the APEC region, highlighting the model’s transferability and 
regional relevance.
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4. Methodology

4.1. Machine Learning Approach

This study employed a variety of machine learning algorithms renowned for 

their effectiveness in regression tasks on structured, tabular data, enabling the 

exploration of complex and non-linear relationships between ESG, economic 

indicators, and fertility rate changes. The selected models include Linear 

Regression, Random Forest, LightGBM, XGBoost, and Long Short-Term 

Memory (LSTM). Linear Regression serves as a conventional baseline, this 

method models the linear relationship between independent variables and the 

dependent variable. While interpretable, it is limited in capturing non-linear 

patterns inherent in high-dimensional ESG data. Random Forest, an ensemble 

learning technique that constructs multiple decision trees during training, 

aggregates their outputs to improve prediction accuracy and control overfitting. It 

handles high-dimensional data and interactions effectively, offering robustness to 

noisy features. A gradient boosting framework, LightGBM, builds additive models 

by optimizing a loss function. Known for its computational efficiency and 

scalability, it uses a leaf-wise tree growth strategy and supports handling large 

datasets with numerous features. XGBoost is another advanced gradient boosting 

method that efficiently builds boosted decision trees, emphasizing regularization 

to prevent overfitting. It is widely adopted for its balance of speed, performance, 

and flexibility on complex datasets. Finally, LSTM is a specialized recurrent neural 

network architecture. It is designed to capture temporal dependencies and 

sequence information by mitigating the vanishing gradient problem inherent in 

traditional RNNs. Their adoption here aims to explore the sequential nature of 

panel data in fertility rate changes, though results are considered supplementary to 

the primary focus.

4.2. Model Selection and Evaluation

The performance of each model was evaluated based on the Root Mean 
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Squared Error (RMSE), a standard metric for regression tasks that penalizes larger 

errors more heavily. As described in Section 3.3, the models were trained using 

data from non-APEC economies and subsequently tested on the APEC 

economies dataset to assess their generalization capabilities. To further ensure that 

the observed differences in RMSE were statistically significant, we randomly 

selected 80% of the training data and repeated the training-testing procedure 50 

times. This resampling approach allowed us to evaluate the stability of model 

performance and confirm whether the observed RMSE differences were 

statistically meaningful. The model with the lowest RMSE on the test set (APEC 

economies) was then selected for the subsequent interpretability analysis. Through 

this comparative evaluation, the Random Forest model consistently demonstrated 

the highest predictive accuracy and was therefore chosen as the base model for 

our study.

4.3. Explainable AI (XAI) with SHAP

To address the interpretability challenges posed by complex machine learning 

models, this study implemented SHapley Additive exPlanations (SHAP), a 

rigorous, game theory-based method that decomposes predictions into additive 

contributions from each feature. SHAP values quantify the influence of individual 

variables on model output, enabling transparent explanation of feature importance 

and interaction effects. The SHAP analysis was structured to achieve multiple 

objectives: (1) Comparison of ESG Importance: Aggregated SHAP values were used to 

quantify and contrast the overall contribution of Environmental (E), Social (S), 

and Governance (G) factors in predicting fertility rate changes between APEC 

and non-APEC economies; (2) Temporal Dynamics Assessment: SHAP values were 

examined longitudinally to trace evolving importance of ESG categories over the 

study period, providing insights into shifting socio-environmental influences on 

fertility; (3) Lagged Effects Exploration: SHAP contributions across lagged time 

windows (from t−1 through t−5) were analyzed to uncover delayed impacts of 

ESG variables on fertility outcomes, elucidating temporal causality patterns; (4) 

economy-Specific Impact Profiling: The analysis identified economies most sensitive to 

each ESG dimension, revealing heterogeneous patterns and offering guidance for 
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context-sensitive policy formulation. This explainability framework bridges the 

gap between high predictive performance and actionable policy insights, offering a 

nuanced understanding of how diverse ESG factors collectively shape fertility 

dynamics.
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5. Results

5.1. Model Performance

The predictive performance of the machine learning models was rigorously 
evaluated using the Root Mean Squared Error (RMSE) metric on the reserved 
APEC test dataset. Among the machine learning models tested, the Random 
Forest model yielded the highest predictive accuracy for changes in the Crude 
Birth Rate in APEC economies. The performance ranking, based on Root Mean 
Squared Error (RMSE), was as follows: Random Forest (0.397), LightGBM 
(0.412), and XGBoost (0.429). To examine whether these differences were 
statistically significant, we conducted a resampling-based validation procedure: 
80% of the training data was randomly selected, and model training and evaluation 
were repeated 50 times. The results confirmed that the Random Forest model 
consistently achieved lower RMSE values compared to the alternative models, and 
the observed differences were statistically significant at the 5% level. Consequently, 
the Random Forest model was selected as the base for the subsequent SHAP 
explainability analysis. These results underscore the effectiveness of tree-based 
ensemble methods in processing high-dimensional, multi-temporal datasets 
characteristic of ESG and economic indicators. The superior performance of the 
Random Forest model, balanced with its relative interpretability and stability, 
informed its selection as the principal model for subsequent explainability analysis 
using SHAP.

Table 2. Prediction Performance of Each ML Models

Linear 
Regression

Random 
Forest

XGBoost LightGBM LSTM

RMSE 0.557 0.397 0.429 0.412 0.705

5.2. SHAP Analysis of ESG Importance

In interpreting the SHAP results, several important caveats must be noted. 
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First, individual indicators often exhibit substantial correlations with one another, 
which implies that a high SHAP value for a single variable does not necessarily 
mean that the variable in isolation has a decisive impact on fertility rate changes. 
Over-interpreting individual predictors without considering multicollinearity and 
shared variance may lead to misleading conclusions. Second, even when SHAP 
values are aggregated at the ESG group level, they should be understood as 
reflecting the relative contribution of that category in explaining model predictions 
rather than as absolute causal determinants of fertility differences across APEC 
economies. The group-level importance highlights which domains are more 
salient in shaping the model’s output, but it does not imply that differences in 
those domains alone account for cross-national fertility gaps, nor that variables 
within a category are directly comparable in magnitude. These considerations 
underscore the need for cautious interpretation of SHAP-based explanations, 
both at the individual indicator level and at the aggregated ESG dimension level.

5.2.1. Individual Factors for APEC

Table 3 presents the ten most influential individual predictors of fertility rate 
change for APEC economies. These top indicators span the Environmental (E), 
Social (S), and Governance (G) domains, and collectively highlight the 
multidimensional nature of demographic determinants in the region. Among 
them, the most influential predictor was an environmental factor—adjusted 
savings: carbon dioxide damage (NY.ADJ.DCO2.GN.ZS, SHAP = 9.43)—followed 
by a governance-related measure, regulatory quality: standard error (RQ.STD.ERR, 
7.73). Social indicators also featured prominently, including hospital beds per 
1,000 people (SH.MED.BEDS.ZS, 4.86), secondary education enrollment (SE.SEC. 
ENRL, 4.50), and population density (EN.POP.DNST, 4.22).

Other environmental predictors such as coal rents as a percentage of GDP 
(NY.GDP.COAL.RT.ZS, 4.14), alongside social variables like male employment 
in industry (SL.IND.EMPL.MA.ZS, 4.11), open defecation in rural areas (SH.STA. 
ODFC.RU.ZS, 3.45), and survival to age 65 (SP.DYN.TO65.FE.ZS, 3.35), further 
underscore the breadth of factors influencing fertility outcomes. An additional 
environmental indicator, energy use per $1,000 GDP (EG.USE.COMM.GD.PP.KD, 
3.38), highlights the role of resource-efficiency conditions.
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Table 3. Top 10 Important Features for APEC (Individual)

Indicator Code Indicator Name
ESG 

Classification
SHAP 
Value

NY.ADJ.DCO2.GN.ZS
Adjusted savings: carbon dioxide 
damage (% of GNI)

E 9.43

RQ.STD.ERR Regulatory Quality: Standard Error G 7.73

SH.MED.BEDS.ZS Hospital beds (per 1,000 people) S 4.86

SE.SEC.ENRL Secondary education, pupils S 4.50

EN.POP.DNST
Population density 
(people per sq. km of land area)

S 4.22

NY.GDP.COAL.RT.ZS Coal rents (% of GDP) E 4.14

SL.IND.EMPL.MA.ZS
Employment in industry, male 
(% of male employment) 
(modeled ILO estimate)

S 4.11

SH.STA.ODFC.RU.ZS
People practicing open defecation, 
rural (% of rural population)

S 3.45

EG.USE.COMM.GD.PP.KD
Energy use (kg of oil equivalent) per 
$1,000 GDP (constant 2021 PPP)

E 3.38

SP.DYN.TO65.FE.ZS
Survival to age 65, female 
(% of cohort)

S 3.35

Table 4 details the top five most influential factors shaping fertility rate 
dynamics in each APEC economy, as identified using SHAP value rankings. The 
findings illuminate both region-wide patterns and economy-specific determinants, 
revealing complex demographic interconnections across ESG domains. A notable 
and consistent theme is the significance of governance quality, particularly 
“Regulatory Quality: Standard Error.” This factor is frequently among the top 
three across advanced economies (e.g., Korea, Singapore, USA, New Zealand) and 
emerging economies alike, demonstrating that institutional stability and effective 
regulation are foundational for environments that support reproductive health, 
family planning, and broader socioeconomic resilience. Environmental 
sustainability indicators, such as “Adjusted savings: carbon dioxide damage (% of 
GNI)” and “Coal rents (% of GDP),” appear prominently in several economies—
China, Indonesia, Chile, Russia, Malaysia, and Peru. The presence of these 
variables highlights the demographic impact of resource utilization, pollution, and 
sustainability, linking ecological well-being directly with population change. Other 
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environmental indicators—shown by factors like “Mineral depletion” and 
“Terrestrial and marine protected areas”—are highly ranked in APEC economies 
with significant resource industries (Chile, Mexico, Peru). These reflect how 
economic activities and conservation policies shape both societal well-being and 
demographic trends. Healthcare indicators remain crucial: “Hospital beds (per 
1,000 people)” is a recurrent top-ranked variable in Canada, Japan, Korea, Russia, 
Singapore, the USA, and the Philippines. This underscores the pivotal relationship 
between health infrastructure and fertility, where medical accessibility and capacity 
facilitate both reproductive choices and outcomes. Other infrastructure-related 
variables, including “Population density” and “Access to clean fuels and 
technologies for cooking,” illustrate the relevance of physical living standards for 
demographic transitions in economies like Papua New Guinea, Philippines, and 
Vietnam. Additional factors such as “Prevalence of stunting,” “Employment in 
industry (male %),” and “Women’s share of population ages 15+ living with HIV 
(%),” capture the impact of basic health, labor market dynamics, and vulnerable 
populations on fertility rate movements. Migration, cited as “Net migration,” 
emerges as a key driver in the USA and Thailand, reflecting the influence of 
population flows and international mobility.

Table 4. The five most important factors for each economy

economy 
Code

Feature importance rank by SHAP value

1 2 3 4 5

AUS
Coal rents 
(% of GDP)

Regulatory 
Quality: Standard 
Error

Control of 
Corruption: 
Standard Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Political Stability 
and Absence of 
Violence/
Terrorism: 
Standard Error

BRN

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Employment in 
industry, male 
(% of male 
employment) 
(modeled ILO 
estimate)

Regulatory 
Quality: Standard 
Error

Energy use 
(kg of oil 
equivalent) per 
$1,000 GDP 
(constant 2021 
PPP)

Rule of Law: 
Standard Error

CAN
Hospital beds 
(per 1,000 people)

Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Prevalence of 
stunting, height 
for age (modeled 
estimate, % of 
children under 5)

Secure Internet 
servers (per 1 
million people)
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Table 4. Continued

economy 
Code

Feature importance rank by SHAP value

1 2 3 4 5

CHL
Adjusted savings: 
mineral depletion 
(% of GNI)

Secondary 
education, pupils

Terrestrial and 
marine protected 
areas (% of total 
territorial area)

Mineral rents 
(% of GDP)

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

CHN

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Coal rents 
(% of GDP)

Regulatory 
Quality: Standard 
Error

Agriculture, 
forestry, and 
fishing, value 
added 
(current LCU)

Employment in 
industry, male 
(% of male 
employment) 
(modeled ILO 
estimate)

HKG

GDP per unit of 
energy use 
(constant 2021 
PPP $ per kg of oil 
equivalent)

Prevalence of 
stunting, height 
for age (modeled 
estimate, % of 
children under 5)

Regulatory 
Quality: Standard 
Error

Population 
density (people 
per sq. km of land 
area)

Political Stability 
and Absence of 
Violence/
Terrorism: 
Standard Error

IDN

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Access to clean 
fuels and 
technologies for 
cooking 
(% of population)

Coal rents 
(% of GDP)

Regulatory 
Quality: Standard 
Error

Women's share 
of population 
ages 15+ living 
with HIV (%)

JPN
Hospital beds 
(per 1,000 
people)

Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Secondary 
education, pupils

Secure Internet 
servers (per 1 
million people)

KOR
Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Hospital beds 
(per 1,000 people)

Secondary 
education, pupils

Population 
density (people 
per sq. km of land 
area)

MEX

Terrestrial and 
marine protected 
areas (% of total 
territorial area)

Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

CO2 emissions 
from liquid fuel 
consumption (kt)

Secondary 
education, pupils

MYS

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Regulatory 
Quality: Standard 
Error

Population 
density (people 
per sq. km of land 
area)

Hospital beds 
(per 1,000 
people)

Women's share 
of population 
ages 15+ living 
with HIV (%)

NZL
Regulatory 
Quality: Standard 
Error

Prevalence of 
stunting, height 
for age (modeled 
estimate, % of 
children under 5)

Hospital beds 
(per 1,000 people)

Secondary 
education, pupils

People practicing 
open defecation, 
rural (% of rural 
population)

PER
Regulatory 
Quality: Standard 
Error

Adjusted savings: 
mineral depletion 
(% of GNI)

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

People practicing 
open defecation, 
rural (% of rural 
population)

Population 
density (people 
per sq. km of land 
area)

PHL

Population 
density (people 
per sq. km of land 
area)

Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

People practicing 
open defecation, 
rural (% of rural 
population)

Hospital beds 
(per 1,000 people)
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Table 4. Continued

economy 
Code

Feature importance rank by SHAP value

1 2 3 4 5

PNG

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Hospital beds 
(per 1,000 people)

Adjusted savings: 
mineral depletion 
(% of GNI)

Regulatory 
Quality: Standard 
Error

People practicing 
open defecation, 
rural (% of rural 
population)

RUS

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Regulatory 
Quality: Standard 
Error

Hospital beds 
(per 1,000 people)

Coal rents 
(% of GDP)

Prevalence of 
stunting, height 
for age (modeled 
estimate, % of 
children under 5)

SGP
Regulatory 
Quality: Standard 
Error

Rural population 
growth (annual %)

Hospital beds 
(per 1,000 people)

GDP per unit of 
energy use 
(constant 2021 
PPP $ per kg of oil 
equivalent)

Population 
density (people 
per sq. km of land 
area)

THA
Regulatory 
Quality: Standard 
Error

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Women's share 
of population 
ages 15+ living 
with HIV (%)

Secondary 
education, pupils

Urban population 
growth (annual %)

USA
Regulatory 
Quality: Standard 
Error

Hospital beds 
(per 1,000 people)

Secure Internet 
servers (per 1 
million people)

Net migration
Coal rents 
(% of GDP)

VNM

Access to clean 
fuels and 
technologies for 
cooking 
(% of population)

Adjusted savings: 
carbon dioxide 
damage 
(% of GNI)

Regulatory 
Quality: Standard 
Error

Coal rents 
(% of GDP)

Risk of 
impoverishing 
expenditure for 
surgical care (% of 
people at risk)

5.2.2. Comparative Importance: APEC vs. Non-APEC

According to the aggregated SHAP values presented in Figure 1, the APEC 
region shows Environmental (E) variables exert the most pronounced influence 
on fertility rate changes, exhibiting the highest average importance among the 
ESG dimensions within APEC. The SHAP value for E indicators in APEC 
economies slightly surpasses that observed in non-APEC economies, 
underscoring the elevated role that environmental factors play in shaping fertility 
dynamics in the Asia-Pacific context. This pattern likely reflects the region's 
pronounced industrialization, urban environmental challenges, and associated 
impacts on public health and reproductive behavior. Governance (G) factors 
demonstrate comparable SHAP values in both APEC and non-APEC samples, 
though non-APEC economies show a marginally higher average. This suggests 
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global governance measures—spanning aspects of government effectiveness, 
regulatory quality, and political stability—uniformly affect fertility trends, 
regardless of regional context. Nevertheless, in APEC, governance ranks as the 
second-most important predictor, highlighting the continued relevance of 
institutional quality in demographic outcomes. In contrast, Social (S) variables 
display the lowest SHAP values in APEC economies, while in non-APEC 
economies, S factors have relatively greater importance, even surpassing 
environmental indicators in some settings. This indicates that social factors such 
as education, healthcare infrastructure, and social protections have been more 
influential drivers of fertility change in the broader global context than within 
APEC. The lower influence of S variables in APEC underscores the unique 
demographic sensitivities of the region, where environmental pressures and 
governance structures may overshadow the social domain in shaping fertility 
decisions.

Figure 1. Comparative average SHAP values for ESG factors: 
APEC vs. Non-APEC

5.2.3. Temporal Trends in ESG Importance in APEC

The temporal evolution of ESG factor importance for the prediction of 
fertility rate changes in APEC economies was assessed using SHAP values 
calculated annually over the study period (1996-2021). Figure 2 visualizes the 
shifting relative contributions of Environmental (E), Governance (G), and Social 
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(S) indicators across time. Over the examined years, Environmental (E) and 
Governance (G) factors showed dynamic but generally dominant influence 
compared to Social (S) factors. During the early 2000s, E and G maintained 
closely aligned importance, with intermittent variation in which dimension led. 
Notably, both categories experienced a gradual decline in average SHAP values 
from approximately 2005 through 2020, reflecting a period during which neither 
environmental nor governance factors were as predictive of fertility rate changes 
as in prior years. In contrast, Social (S) factors demonstrated a steady increase in 
relative importance, particularly from the late 1990s onward. The SHAP values for 
S indicators, though consistently lower than those of E and G, trended upward 
and narrowed the gap during periods of transition or societal change. This trend 
may reflect the region’s growing attention to issues of education, health, and social 
welfare, which increasingly interact with fertility outcomes. A striking pattern 
emerges post-2020, where both Environmental and Governance factors exhibit a 
marked resurgence in importance. This abrupt uptick coincides with the onset of 
the COVID-19 pandemic, which brought environmental sustainability, public 
health, and governance capacity to the forefront of policy concern throughout the 
APEC region. Overall, the temporal trends highlight that the interplay of ESG 
factors in shaping fertility rates is neither static nor homogeneous; the predictors’ 
significance is subject to periodic shifts linked to external shocks, policy cycles, 
and evolving societal priorities.

Figure 2. ESG Importance Over Target Years (APEC)
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5.2.4. Lagged Effects of ESG Factors in APEC

To investigate the temporal dynamics of ESG influences on fertility rate 
changes, lagged SHAP value analysis was performed across five annual intervals. 
Figure 3 illustrates the SHAP values for Environmental (E), Social (S), and 
Governance (G) indicators at each lag period, highlighting distinct patterns in the 
immediacy and persistence of their impacts. Social (S) and Governance (G) factors 
show a pronounced immediate effect at a one-year lag, with S features exhibiting 
the highest SHAP value at t-1, followed by a rapid decrease in influence over 
subsequent lag years. Similarly, G indicators register a clear positive effect at t−1, 
which then diminishes steadily and becomes negligible or negative by the fifth 
year. These trends suggest that policy interventions and social changes can 
promptly influence fertility decisions, but their effect weakens relatively quickly as 
time progresses. In contrast, Environmental (E) factors display a delayed pattern 
of influence. At t−1, the SHAP value for E indicators is slightly negative, but it 
begins to increase through subsequent lag years, peaking around t−4 before 
declining again. This indicates that changes in environmental conditions, such as 
pollution levels or climate-related incidents, may require more time to manifest 
measurable effects on fertility outcomes, reflecting a medium-term, cumulative 
influence.

Figure 3. Lagged Effects of ESG Factors



36 ESG, Economy, and Fertility: A Machine Learning Analysis of APEC Economy

5.2.5. Economy-Specific ESG Impacts

An economy-level SHAP analysis was conducted to identify the top five 
APEC economies in which Environmental (E), Social (S), and Governance (G) 
factors played the most substantial roles in predicting fertility rate changes.

Table 5 presents the aggregated SHAP-derived ESG impact scores for each 
APEC economy, highlighting the distinctive profiles of environmental, social, and 
governance factors in shaping national fertility rate dynamics. The columns 
summarize the cumulative influence of each ESG domain, as well as the overall 
combined ESG impact. A review of economy-specific results reveals marked 
heterogeneity across the APEC region. Some economies, such as China, Mexico, 
and the Russian Federation, display high environmental impact scores (1.00, 1.41, 
and 1.36, respectively), suggesting that environmental factors are especially 
influential in these contexts. These nations face heightened environmental 
challenges due to rapid industrialization or natural resource dependency, making 
ecological conditions a dominant driver in demographic change. In contrast, 
economies like Canada (1.02) and Japan (0.83) exhibit higher social impact scores, 
pointing to the pronounced role of education, public health infrastructure, and 
social programs in shaping fertility outcomes. Their comparatively lower 
environmental and governance scores highlight the importance of tailored social 
policies and investments for mature or post-industrial economies. Governance 
impact is most prominent in Korea (1.42), Australia (0.73), and Singapore (0.35), 
indicating that institutional effectiveness and regulatory quality are key levers for 
demographic stability in these advanced economies. High governance scores in 
these economies reflect the significance of robust policy frameworks, political 
stability, and public trust in facilitating family planning and population health. 
Importantly, the ESG Sum in the final column provides a composite indicator of 
total ESG influence for each nation. The highest values are observed in China 
(1.98), Mexico (1.98), and the Russian Federation (2.08), suggesting that 
multi-dimensional ESG strategies may be particularly relevant and impactful for 
shaping fertility rate changes in these contexts. Conversely, economies with lower 
aggregate scores, such as Hong Kong (0.35) and Peru (0.63), may be less sensitive 
to ESG-driven interventions, either due to geographic, social, or economic 
factors.
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Table 5. ESG Impact per APEC economies

economy Environment Social Governance ESG Sum

Australia 0.11 0.56 0.73 1.40

Brunei Darussalam 0.14 0.17 0.33 0.64

Canada 0.11 1.02 0.15 1.28

Chile 0.46 0.38 0.11 0.95

China 1.00 0.61 0.37 1.98

Hong Kong 0.04 0.19 0.11 0.35

Indonesia 0.57 0.11 0.41 1.09

Japan 0.10 0.83 0.26 1.18

Korea, Rep. 0.16 0.19 1.42 1.77

Mexico 1.41 0.32 0.25 1.98

Malaysia 0.97 0.29 0.31 1.56

New Zealand 0.04 0.48 0.10 0.61

Peru 0.31 0.07 0.26 0.63

Philippines 0.91 0.44 0.10 1.45

Papua New Guinea 0.37 0.44 0.04 0.85

Russian Federation 1.36 0.51 0.21 2.08

Singapore 0.01 0.44 0.35 0.80

Thailand 0.15 0.36 0.32 0.83

United States 0.02 0.51 0.80 1.33

Viet Nam 0.66 0.36 0.41 1.43
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6. Discussion

6.1. Comparative Predictive Performance: Economic vs. 
ESG Indicators

An examination of model performance reveals insightful distinctions in the 
predictive utility of economic indicators alone, ESG indicators alone, and their 
combined application in forecasting changes in the Crude Birth Rate (CBR) across 
APEC economies. When exclusively utilizing economic variables, the model 
achieved a Root Mean Squared Error (RMSE) of 0.298, reflecting a moderate level 
of predictive accuracy rooted in traditional macroeconomic determinants such as 
GDP per capita, trade volumes, and fiscal indicators. Conversely, models based 
solely on ESG indicators demonstrated a slightly lower predictive accuracy, 
underscoring the relevance of environmental, social, and governance dimensions 
in capturing fertility dynamics beyond conventional economics. However, the 
most pronounced improvement emerged when integrating both ESG and 
economic variables into a unified modeling framework, resulting in an RMSE 
reduction to 0.271. This performance gain highlights the complementary nature of 
ESG factors alongside economic conditions in explaining fertility rate fluctuations. 
The inclusion of ESG indicators captures multidimensional influences 
encompassing environmental sustainability, social welfare, and institutional quality 
that economic metrics alone may overlook. These findings advocate for a holistic 
approach in demographic modeling that balances traditional economic analysis 
with broader ESG considerations to enhance predictive power and policy 
relevance.

A comparative analysis was conducted to assess the predictive performance of 
economic and ESG indicators in estimating the annual change in crude birth rates 
for 14 APEC3) economies in 2021. Figure 4 plots actual changes in birth rates 
alongside model predictions using only economic indicators and only ESG 
indicators. For these economies, the actual observed changes spanned a range 

3) The data on the annual change in crude birth rate for the year 2021 is available for the following 
14 economies only: Australia, Canada, Chile, Indonesia, Korea (Republic of), Mexico, Malaysia, 
Peru, Philippines, Russian Federation, Singapore, Thailand, United States, and Viet Nam.
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from 0.6 to -0.708. When predictions were generated using only economic 
variables, the resulting RMSE was 0.259, with a coefficient of determination (R²) 
of 0.21. This result suggests a modest but positive descriptive relationship between 
economic determinants and fertility outcomes, though the model explains only a 
small fraction of the observed variance. In contrast, the ESG-only model yielded a 
higher RMSE of 0.273 and a negative R² of 0.12, indicating that ESG indicators 
alone were less effective at capturing the economy-level variation in fertility rates 
for this particular year and sample, and in fact slightly underperformed a naive 
mean-based prediction. While the magnitude of errors varied and the pattern of 
prediction errors differed between the two models, neither set of predictors 
proved sufficient for precise economy-level estimation in isolation. Notably, the 
economic model exhibited a tendency to overestimate the magnitude of fertility 
declines—particularly evident for Chile, Indonesia, and Viet Nam—while 
underestimating positive changes such as in Australia and Canada. In contrast, the 
ESG-based model produced substantial prediction errors in specific contexts, 
most notably in Viet Nam, where it markedly under-predicted the actual decline. 
Smaller but noticeable discrepancies were also observed in the United States, 
where the model slightly underestimated the positive change. These findings 
reinforce the value of a multidimensional approach that combines both economic 
and ESG variables for a more robust understanding and prediction of fertility 
dynamics. Relying solely on one group of indicators may introduce systematic 
errors that could be mitigated through model integration, reaffirming insights 
from broader modeling results within this study.

Figure 4. Comparison of Actual versus Prediction in 2021
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6.2. Policy Implications and Strategic Recommendations

The nuanced insights derived from the integration of ESG and economic 
factors illuminate critical pathways for policy interventions aimed at addressing 
fertility decline within APEC member economies. The pronounced role of 
environmental variables, particularly within rapidly industrializing and urbanizing 
nations, suggests that sustainable environmental management is not only an 
ecological imperative but also a demographic priority. Policies reducing pollution, 
promoting renewable energy, and enhancing climate resilience may indirectly 
foster favorable fertility dynamics by improving public health and future life 
prospects. Simultaneously, governance quality emerges as a pivotal determinant, 
especially in advanced economies where institutional trust, political stability, and 
regulatory effectiveness shape family planning environments and social confidence. 
Strengthening governance frameworks can therefore reinforce policy coherence 
and social trust necessary for demographic stability. Social factors, while 
comparatively less influential in some APEC contexts, have exhibited increasing 
importance over time, reflecting evolving societal values around gender equality, 
healthcare access, and social welfare infrastructures. Policymakers should sustain 
investments in education, healthcare, and equitable social protections to address 
underlying causes of fertility shifts. The heterogeneity identified across economies 
cautions against one-size-fits-all approaches. Tailored strategies aligning with each 
nation’s unique ESG profile and developmental stage are essential. For instance, 
prioritizing environmental sustainability in resource-intensive economies, while 
focusing on governance reforms in mature democracies, can optimize demographic 
outcomes. In sum, integrated policy frameworks that harmonize economic growth 
objectives with ESG imperatives are indispensable for effectively managing 
fertility trends and fostering sustainable demographic futures in the Asia-Pacific 
region.
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7. Conclusion

This study has demonstrated the significant predictive power of integrating 
Environmental, Social, and Governance (ESG) indicators alongside traditional 
economic variables in modeling fertility rate changes across the Asia-Pacific 
Economic Cooperation (APEC) region. By employing a machine learning 
framework and leveraging SHAP explainability, the research revealed complex, 
non-linear relationships between a broad spectrum of national-level factors and 
demographic dynamics over a 26-year period. Key findings show that the 
combined use of ESG and economic variables enhances prediction accuracy 
beyond economic indicators alone, underscoring the multidimensional nature of 
fertility determinants. Notably, environmental factors play a particularly prominent 
role in APEC economies, reflecting unique regional pressures from rapid 
industrialization and urbanization that extend beyond conventional economic 
influences. Governance and social factors further contribute importantly, with 
their impacts varying over time and across economies. Temporal and lagged 
analyses elucidate the immediate and delayed effects of different ESG components, 
emphasizing the necessity of long-term environmental sustainability strategies 
alongside responsive social and governance policies. Moreover, considerable 
heterogeneity among member economies highlights that effective demographic 
interventions require tailored, context-specific approaches. The study’s novel 
integration of ESG frameworks into demographic modeling offers policymakers a 
more holistic lens to understand and address fertility decline, advocating for 
comprehensive strategies that align population objectives with sustainability and 
institutional quality goals. Future research should continue to enhance data 
granularity and explore causal mechanisms to refine these insights. Ultimately, 
confronting demographic challenges in the APEC region demands coordinated, 
multi-dimensional policy efforts that transcend conventional economic paradigms 
to foster resilient, sustainable population trends for the 21st century.
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Appendix

1. ESG classification of WDI

Indicator Name
ESG 

Classification

ARI treatment (% of children under 5 taken to a health provider) S

Access to clean fuels and technologies for cooking (% of population) E

Access to clean fuels and technologies for cooking, rural (% of rural population) E

Access to clean fuels and technologies for cooking, urban (% of urban population) E

Access to electricity (% of population) S

Access to electricity, rural (% of rural population) S

Access to electricity, urban (% of urban population) S

Adequacy of social insurance programs (% of total welfare of beneficiary households) S

Adequacy of social protection and labor programs (% of total welfare of beneficiary 
households)

S

Adequacy of social safety net programs (% of total welfare of beneficiary households) S

Adequacy of unemployment benefits and ALMP (% of total welfare of beneficiary 
households)

S

Adjusted net enrollment rate, primary (% of primary school age children) S

Adjusted net enrollment rate, primary, female (% of primary school age children) S

Adjusted net enrollment rate, primary, male (% of primary school age children) S

Adjusted net savings, excluding particulate emission damage (% of GNI) E

Adjusted net savings, excluding particulate emission damage (current US$) E

Adjusted net savings, including particulate emission damage (% of GNI) E

Adjusted net savings, including particulate emission damage (current US$) E

Adjusted savings: carbon dioxide damage (% of GNI) E

Adjusted savings: carbon dioxide damage (current US$) E

Adjusted savings: education expenditure (% of GNI) S

Adjusted savings: education expenditure (current US$) S

Adjusted savings: energy depletion (% of GNI) E

Adjusted savings: energy depletion (current US$) E

Adjusted savings: mineral depletion (% of GNI) E

Adjusted savings: mineral depletion (current US$) E

Adjusted savings: natural resources depletion (% of GNI) E

Adjusted savings: net forest depletion (% of GNI) E

Adjusted savings: net forest depletion (current US$) E
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Indicator Name
ESG 

Classification

Adjusted savings: particulate emission damage (% of GNI) E

Adjusted savings: particulate emission damage (current US$) E

Adolescents out of school (% of lower secondary school age) S

Adolescents out of school, female (% of female lower secondary school age) S

Adolescents out of school, male (% of male lower secondary school age) S

Adults (ages 15+) and children (ages 0-14) newly infected with HIV S

Adults (ages 15-49) newly infected with HIV S

Agricultural irrigated land (% of total agricultural land) E

Agricultural land (% of land area) E

Agricultural land (sq. km) E

Agricultural machinery, tractors E

Agricultural machinery, tractors per 100 sq. km of arable land E

Agricultural methane emissions (% of total) E

Agricultural methane emissions (thousand metric tons of CO2 equivalent) E

Agricultural nitrous oxide emissions (% of total) E

Agricultural nitrous oxide emissions (thousand metric tons of CO2 equivalent) E

Agriculture, forestry, and fishing, value added (% of GDP) E

Agriculture, forestry, and fishing, value added (annual % growth) E

Agriculture, forestry, and fishing, value added (constant 2015 US$) E

Agriculture, forestry, and fishing, value added (constant LCU) E

Agriculture, forestry, and fishing, value added (current LCU) E

Agriculture, forestry, and fishing, value added (current US$) E

Agriculture, forestry, and fishing, value added per worker (constant 2015 US$) E

Alternative and nuclear energy (% of total energy use) E

Annual freshwater withdrawals, agriculture (% of total freshwater withdrawal) E

Annual freshwater withdrawals, domestic (% of total freshwater withdrawal) E

Annual freshwater withdrawals, industry (% of total freshwater withdrawal) E

Annual freshwater withdrawals, total (% of internal resources) E

Annual freshwater withdrawals, total (billion cubic meters) E

Antiretroviral therapy coverage (% of people living with HIV) S

Antiretroviral therapy coverage for PMTCT (% of pregnant women living with HIV) S

Arable land (% of land area) E

Arable land (hectares per person) E

Arable land (hectares) E

Average precipitation in depth (mm per year) E

Average working hours of children, study and work, ages 7-14 (hours per week) S

Average working hours of children, study and work, female, ages 7-14 (hours per week) S

Average working hours of children, study and work, male, ages 7-14 (hours per week) S
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Indicator Name
ESG 

Classification

Average working hours of children, working only, ages 7-14 (hours per week) S

Average working hours of children, working only, female, ages 7-14 (hours per week) S

Average working hours of children, working only, male, ages 7-14 (hours per week) S

Benefit incidence of social insurance programs to poorest quintile (% of total social 
insurance benefits)

S

Benefit incidence of social protection and labor programs to poorest quintile (% of total 
SPL benefits)

S

Benefit incidence of social safety net programs to poorest quintile (% of total safety net 
benefits)

S

Benefit incidence of unemployment benefits and ALMP to poorest quintile (% of total 
U/ALMP benefits)

S

Births attended by skilled health staff (% of total) S

Bribery incidence (% of firms experiencing at least one bribe payment request) G

Business extent of disclosure index (0=less disclosure to 10=more disclosure) G

CO2 emissions (kg per 2015 US$ of GDP) E

CO2 emissions (kg per 2021 PPP $ of GDP) E

CO2 emissions (kg per PPP $ of GDP) E

CO2 emissions (kt) E

CO2 emissions (metric tons per capita) E

CO2 emissions from electricity and heat production, total (% of total fuel combustion) E

CO2 emissions from gaseous fuel consumption (% of total) E

CO2 emissions from gaseous fuel consumption (kt) E

CO2 emissions from liquid fuel consumption (% of total) E

CO2 emissions from liquid fuel consumption (kt) E

CO2 emissions from manufacturing industries and construction (% of total fuel 
combustion)

E

CO2 emissions from other sectors, excluding residential buildings and commercial and 
public services (% of total fuel combustion)

E

CO2 emissions from residential buildings and commercial and public services (% of 
total fuel combustion)

E

CO2 emissions from solid fuel consumption (% of total) E

CO2 emissions from solid fuel consumption (kt) E

CO2 emissions from transport (% of total fuel combustion) E

CO2 intensity (kg per kg of oil equivalent energy use) E

CPIA building human resources rating (1=low to 6=high) S

CPIA business regulatory environment rating (1=low to 6=high) G

CPIA debt policy rating (1=low to 6=high) G

CPIA economic management cluster average (1=low to 6=high) G

CPIA efficiency of revenue mobilization rating (1=low to 6=high) G
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Indicator Name
ESG 

Classification

CPIA equity of public resource use rating (1=low to 6=high) G

CPIA financial sector rating (1=low to 6=high) G

CPIA fiscal policy rating (1=low to 6=high) G

CPIA gender equality rating (1=low to 6=high) S

CPIA macroeconomic management rating (1=low to 6=high) G

CPIA policies for social inclusion/equity cluster average (1=low to 6=high) S

CPIA policy and institutions for environmental sustainability rating (1=low to 6=high) E

CPIA property rights and rule-based governance rating (1=low to 6=high) G

CPIA public sector management and institutions cluster average (1=low to 6=high) G

CPIA quality of budgetary and financial management rating (1=low to 6=high) G

CPIA quality of public administration rating (1=low to 6=high) G

CPIA social protection rating (1=low to 6=high) S

CPIA structural policies cluster average (1=low to 6=high) G

CPIA trade rating (1=low to 6=high) G

CPIA transparency, accountability, and corruption in the public sector rating (1=low to 
6=high)

G

Capture fisheries production (metric tons) E

Cause of death, by communicable diseases and maternal, prenatal and nutrition 
conditions (% of total)

S

Cause of death, by injury (% of total) S

Cause of death, by non-communicable diseases (% of total) S

Child employment in agriculture (% of economically active children ages 7-14) S

Child employment in agriculture, female (% of female economically active children ages 
7-14)

S

Child employment in agriculture, male (% of male economically active children ages 
7-14)

S

Child employment in manufacturing (% of economically active children ages 7-14) S

Child employment in manufacturing, female (% of female economically active children 
ages 7-14)

S

Child employment in manufacturing, male (% of male economically active children ages 
7-14)

S

Child employment in services (% of economically active children ages 7-14) S

Child employment in services, female (% of female economically active children ages 
7-14)

S

Child employment in services, male (% of male economically active children ages 7-14) S

Children (0-14) living with HIV S

Children (ages 0-14) newly infected with HIV S

Children in employment, female (% of female children ages 7-14) S

Children in employment, male (% of male children ages 7-14) S
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Indicator Name
ESG 

Classification

Children in employment, self-employed (% of children in employment, ages 7-14) S

Children in employment, self-employed, female (% of female children in employment, 
ages 7-14)

S

Children in employment, self-employed, male (% of male children in employment, ages 
7-14)

S

Children in employment, study and work (% of children in employment, ages 7-14) S

Children in employment, study and work, female (% of female children in employment, 
ages 7-14)

S

Children in employment, study and work, male (% of male children in employment, ages 
7-14)

S

Children in employment, total (% of children ages 7-14) S

Children in employment, unpaid family workers (% of children in employment, ages 
7-14)

S

Children in employment, unpaid family workers, female (% of female children in 
employment, ages 7-14)

S

Children in employment, unpaid family workers, male (% of male children in 
employment, ages 7-14)

S

Children in employment, wage workers (% of children in employment, ages 7-14) S

Children in employment, wage workers, female (% of female children in employment, 
ages 7-14)

S

Children in employment, wage workers, male (% of male children in employment, ages 
7-14)

S

Children in employment, work only (% of children in employment, ages 7-14) S

Children in employment, work only, female (% of female children in employment, ages 
7-14)

S

Children in employment, work only, male (% of male children in employment, ages 7-14) S

Children out of school (% of primary school age) S

Children out of school, female (% of female primary school age) S

Children out of school, male (% of male primary school age) S

Children out of school, primary S

Children out of school, primary, female S

Children out of school, primary, male S

Children with fever receiving antimalarial drugs (% of children under age 5 with fever) S

Coal rents (% of GDP) E

Combustible renewables and waste (% of total energy) E

Community health workers (per 1,000 people) S

Completeness of birth registration (%) S

Completeness of birth registration, female (%) S

Completeness of birth registration, male (%) S

Completeness of birth registration, rural (%) S
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Indicator Name
ESG 

Classification

Completeness of birth registration, urban (%) S

Completeness of death registration with cause-of-death information (%) S

Compulsory education, duration (years) S

Condom use, population ages 15-24, female (% of females ages 15-24) S

Condom use, population ages 15-24, male (% of males ages 15-24) S

Consumption of iodized salt (% of households) S

Contraceptive prevalence, any method (% of married women ages 15-49) S

Contraceptive prevalence, any modern method (% of married women ages 15-49) S

Contributing family workers, female (% of female employment) (modeled ILO estimate) S

Contributing family workers, male (% of male employment) (modeled ILO estimate) S

Contributing family workers, total (% of total employment) (modeled ILO estimate) S

Control of Corruption: Estimate G

Control of Corruption: Number of Sources G

Control of Corruption: Percentile Rank G

Control of Corruption: Percentile Rank, Lower Bound of 90% Confidence Interval G

Control of Corruption: Percentile Rank, Upper Bound of 90% Confidence Interval G

Control of Corruption: Standard Error G

Coverage of social insurance programs (% of population) S

Coverage of social insurance programs in 2nd quintile (% of population) S

Coverage of social insurance programs in 3rd quintile (% of population) S

Coverage of social insurance programs in 4th quintile (% of population) S

Coverage of social insurance programs in poorest quintile (% of population) S

Coverage of social insurance programs in richest quintile (% of population) S

Coverage of social protection and labor programs (% of population) S

Coverage of social safety net programs (% of population) S

Coverage of social safety net programs in 2nd quintile (% of population) S

Coverage of social safety net programs in 3rd quintile (% of population) S

Coverage of social safety net programs in 4th quintile (% of population) S

Coverage of social safety net programs in poorest quintile (% of population) S

Coverage of social safety net programs in richest quintile (% of population) S

Coverage of unemployment benefits and ALMP (% of population) S

Coverage of unemployment benefits and ALMP in 2nd quintile (% of population) S

Coverage of unemployment benefits and ALMP in 3rd quintile (% of population) S

Coverage of unemployment benefits and ALMP in 4th quintile (% of population) S

Coverage of unemployment benefits and ALMP in poorest quintile (% of population) S

Coverage of unemployment benefits and ALMP in richest quintile (% of population) S

Current education expenditure, primary (% of total expenditure in primary public 
institutions)

S



50 ESG, Economy, and Fertility: A Machine Learning Analysis of APEC Economy

Indicator Name
ESG 

Classification

Current education expenditure, secondary (% of total expenditure in secondary public 
institutions)

S

Current education expenditure, tertiary (% of total expenditure in tertiary public 
institutions)

S

Current education expenditure, total (% of total expenditure in public institutions) S

Current health expenditure (% of GDP) S

Current health expenditure per capita (current US$) S

Current health expenditure per capita, PPP (current international $) S

Customs and other import duties (% of tax revenue) G

Customs and other import duties (current LCU) G

Death rate, crude (per 1,000 people) S

Demand for family planning satisfied by modern methods (% of married women with 
demand for family planning)

S

Diabetes prevalence (% of population ages 20 to 79) S

Diarrhea treatment (% of children under 5 receiving oral rehydration and continued 
feeding)

S

Diarrhea treatment (% of children under 5 who received ORS packet) S

Disaster risk reduction progress score (1-5 scale; 5=best) G

Domestic general government health expenditure (% of GDP) G

Domestic general government health expenditure (% of current health expenditure) G

Domestic general government health expenditure (% of general government expenditure) G

Domestic general government health expenditure per capita (current US$) G

Domestic general government health expenditure per capita, PPP (current international $) G

Domestic private health expenditure (% of current health expenditure) S

Domestic private health expenditure per capita (current US$) S

Domestic private health expenditure per capita, PPP (current international $) S

Droughts, floods, extreme temperatures (% of population, average 1990-2009) E

Ease of doing business rank (1=most business-friendly regulations) G

Ease of doing business score (0 = lowest performance to 100 = best performance) G

Educational attainment, Doctoral or equivalent, population 25+, female (%) (cumulative) S

Educational attainment, Doctoral or equivalent, population 25+, male (%) (cumulative) S

Educational attainment, Doctoral or equivalent, population 25+, total (%) (cumulative) S

Educational attainment, at least Bachelor's or equivalent, population 25+, female (%) 
(cumulative)

S

Educational attainment, at least Bachelor's or equivalent, population 25+, male (%) 
(cumulative)

S

Educational attainment, at least Bachelor's or equivalent, population 25+, total (%) 
(cumulative)

S

Educational attainment, at least Master's or equivalent, population 25+, female (%) 
(cumulative)

S
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Indicator Name
ESG 

Classification

Educational attainment, at least Master's or equivalent, population 25+, male (%) 
(cumulative)

S

Educational attainment, at least Master's or equivalent, population 25+, total (%) 
(cumulative)

S

Educational attainment, at least completed lower secondary, population 25+, female 
(%) (cumulative)

S

Educational attainment, at least completed lower secondary, population 25+, male (%) 
(cumulative)

S

Educational attainment, at least completed lower secondary, population 25+, total (%) 
(cumulative)

S

Educational attainment, at least completed post-secondary, population 25+, female 
(%) (cumulative)

S

Educational attainment, at least completed post-secondary, population 25+, male (%) 
(cumulative)

S

Educational attainment, at least completed post-secondary, population 25+, total (%) 
(cumulative)

S

Educational attainment, at least completed primary, population 25+ years, female (%) 
(cumulative)

S

Educational attainment, at least completed primary, population 25+ years, male (%) 
(cumulative)

S

Educational attainment, at least completed primary, population 25+ years, total (%) 
(cumulative)

S

Educational attainment, at least completed short-cycle tertiary, population 25+, female 
(%) (cumulative)

S

Educational attainment, at least completed short-cycle tertiary, population 25+, male 
(%) (cumulative)

S

Educational attainment, at least completed short-cycle tertiary, population 25+, total 
(%) (cumulative)

S

Educational attainment, at least completed upper secondary, population 25+, female 
(%) (cumulative)

S

Educational attainment, at least completed upper secondary, population 25+, male (%) 
(cumulative)

S

Educational attainment, at least completed upper secondary, population 25+, total (%) 
(cumulative)

S

Electric power consumption (kWh per capita) E

Electric power transmission and distribution losses (% of output) E

Electricity production from coal sources (% of total) E

Electricity production from hydroelectric sources (% of total) E

Electricity production from natural gas sources (% of total) E

Electricity production from nuclear sources (% of total) E

Electricity production from oil sources (% of total) E

Electricity production from oil, gas and coal sources (% of total) E
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Indicator Name
ESG 

Classification

Electricity production from renewable sources, excluding hydroelectric (% of total) E

Electricity production from renewable sources, excluding hydroelectric (kWh) E

Employers, female (% of female employment) (modeled ILO estimate) S

Employers, male (% of male employment) (modeled ILO estimate) S

Employers, total (% of total employment) (modeled ILO estimate) S

Employment in agriculture (% of total employment) (modeled ILO estimate) S

Employment in agriculture, female (% of female employment) (modeled ILO estimate) S

Employment in agriculture, male (% of male employment) (modeled ILO estimate) S

Employment in industry (% of total employment) (modeled ILO estimate) S

Employment in industry, female (% of female employment) (modeled ILO estimate) S

Employment in industry, male (% of male employment) (modeled ILO estimate) S

Employment in services (% of total employment) (modeled ILO estimate) S

Employment in services, female (% of female employment) (modeled ILO estimate) S

Employment in services, male (% of male employment) (modeled ILO estimate) S

Employment to population ratio, 15+, female (%) (modeled ILO estimate) S

Employment to population ratio, 15+, female (%) (national estimate) S

Employment to population ratio, 15+, male (%) (modeled ILO estimate) S

Employment to population ratio, 15+, male (%) (national estimate) S

Employment to population ratio, 15+, total (%) (modeled ILO estimate) S

Employment to population ratio, 15+, total (%) (national estimate) S

Employment to population ratio, ages 15-24, female (%) (modeled ILO estimate) S

Employment to population ratio, ages 15-24, female (%) (national estimate) S

Employment to population ratio, ages 15-24, male (%) (modeled ILO estimate) S

Employment to population ratio, ages 15-24, male (%) (national estimate) S

Employment to population ratio, ages 15-24, total (%) (modeled ILO estimate) S

Employment to population ratio, ages 15-24, total (%) (national estimate) S

Energy imports, net (% of energy use) E

Energy intensity level of primary energy (MJ/$2017 PPP GDP) E

Energy related methane emissions (% of total) E

Energy use (kg of oil equivalent per capita) E

Energy use (kg of oil equivalent) per $1,000 GDP (constant 2021 PPP) E

Exclusive breastfeeding (% of children under 6 months) S

Expenditure on primary education (% of government expenditure on education) G

Expenditure on secondary education (% of government expenditure on education) G

Expenditure on tertiary education (% of government expenditure on education) G

External health expenditure (% of current health expenditure) S

External health expenditure per capita (current US$) S

External health expenditure per capita, PPP (current international $) S
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Indicator Name
ESG 

Classification

Female genital mutilation prevalence (%) S

Female headed households (% of households with a female head) S

Female primary school age children out-of-school (%) S

Female pupils below minimum reading proficiency at end of primary (%). Low GAML 
threshold

S

Female share of employment in senior and middle management (%) S

Fertility rate, total (births per woman) S

Fertilizer consumption (% of fertilizer production) E

Fertilizer consumption (kilograms per hectare of arable land) E

Firms expected to give gifts in meetings with tax officials (% of firms) G

Firms that do not report all sales for tax purposes (% of firms) G

Firms visited or required meetings with tax officials (% of firms) G

Firms with female participation in ownership (% of firms) S

Firms with female top manager (% of firms) S

Fish species, threatened E

Forest area (% of land area) E

Forest area (sq. km) E

Forest rents (% of GDP) E

Fossil fuel energy consumption (% of total) E

GDP per unit of energy use (PPP $ per kg of oil equivalent) E

GDP per unit of energy use (constant 2021 PPP $ per kg of oil equivalent) E

GHG net emissions/removals by LUCF (Mt of CO2 equivalent) E

General government final consumption expenditure (% of GDP) G

General government final consumption expenditure (annual % growth) G

General government final consumption expenditure (constant 2015 US$) G

General government final consumption expenditure (constant LCU) G

General government final consumption expenditure (current LCU) G

General government final consumption expenditure (current US$) G

Gini index S

Government Effectiveness: Estimate G

Government Effectiveness: Number of Sources G

Government Effectiveness: Percentile Rank G

Government Effectiveness: Percentile Rank, Lower Bound of 90% Confidence Interval G

Government Effectiveness: Percentile Rank, Upper Bound of 90% Confidence Interval G

Government Effectiveness: Standard Error G

Government expenditure on education, total (% of GDP) G

Government expenditure on education, total (% of government expenditure) G

Government expenditure per student, primary (% of GDP per capita) G
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Indicator Name
ESG 

Classification

Government expenditure per student, secondary (% of GDP per capita) G

Government expenditure per student, tertiary (% of GDP per capita) G

Gross intake ratio in first grade of primary education, female (% of relevant age group) S

Gross intake ratio in first grade of primary education, male (% of relevant age group) S

Gross intake ratio in first grade of primary education, total (% of relevant age group) S

HFC gas emissions (thousand metric tons of CO2 equivalent) E

Hospital beds (per 1,000 people) S

Human capital index (HCI) (scale 0-1) S

Human capital index (HCI), female (scale 0-1) S

Human capital index (HCI), female, lower bound (scale 0-1) S

Human capital index (HCI), female, upper bound (scale 0-1) S

Human capital index (HCI), lower bound (scale 0-1) S

Human capital index (HCI), male (scale 0-1) S

Human capital index (HCI), male, lower bound (scale 0-1) S

Human capital index (HCI), male, upper bound (scale 0-1) S

Human capital index (HCI), upper bound (scale 0-1) S

IDA resource allocation index (1=low to 6=high) G

Immunization, DPT (% of children ages 12-23 months) S

Immunization, HepB3 (% of one-year-old children) S

Immunization, measles (% of children ages 12-23 months) S

Incidence of HIV, ages 15-24 (per 1,000 uninfected population ages 15-24) S

Incidence of HIV, ages 15-49 (per 1,000 uninfected population ages 15-49) S

Incidence of HIV, all (per 1,000 uninfected population) S

Incidence of malaria (per 1,000 population at risk) S

Incidence of tuberculosis (per 100,000 people) S

Income share held by fourth 20% S

Income share held by highest 10% S

Income share held by highest 20% S

Income share held by lowest 10% S

Income share held by lowest 20% S

Income share held by second 20% S

Income share held by third 20% S

Individuals using the Internet (% of population) S

Informal payments to public officials (% of firms) G

Intentional homicides (per 100,000 people) S

Intentional homicides, female (per 100,000 female) S

Intentional homicides, male (per 100,000 male) S
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Indicator Name
ESG 

Classification

Internally displaced persons, new displacement associated with conflict and violence 
(number of cases)

S

Internally displaced persons, new displacement associated with disasters (number of 
cases)

S

Internally displaced persons, total displaced by conflict and violence (number of people) S

International migrant stock (% of population) S

International migrant stock, total S

Investment in energy with private participation (current US$) E

Investment in water and sanitation with private participation (current US$) E

Labor force participation rate for ages 15-24, female (%) (modeled ILO estimate) S

Labor force participation rate for ages 15-24, female (%) (national estimate) S

Labor force participation rate for ages 15-24, male (%) (modeled ILO estimate) S

Labor force participation rate for ages 15-24, male (%) (national estimate) S

Labor force participation rate for ages 15-24, total (%) (modeled ILO estimate) S

Labor force participation rate for ages 15-24, total (%) (national estimate) S

Labor force participation rate, female (% of female population ages 15+) (modeled ILO 
estimate)

S

Labor force participation rate, female (% of female population ages 15+) (national 
estimate)

S

Labor force participation rate, female (% of female population ages 15-64) (modeled 
ILO estimate)

S

Labor force participation rate, male (% of male population ages 15+) (modeled ILO 
estimate)

S

Labor force participation rate, male (% of male population ages 15+) (national estimate) S

Labor force participation rate, male (% of male population ages 15-64) (modeled ILO 
estimate)

S

Labor force participation rate, total (% of total population ages 15+) (modeled ILO 
estimate)

S

Labor force participation rate, total (% of total population ages 15+) (national estimate) S

Labor force participation rate, total (% of total population ages 15-64) (modeled ILO 
estimate)

S

Labor force with advanced education (% of total working-age population with advanced 
education)

S

Labor force with advanced education, female (% of female working-age population with 
advanced education)

S

Labor force with advanced education, male (% of male working-age population with 
advanced education)

S

Labor force with basic education (% of total working-age population with basic education) S

Labor force with basic education, female (% of female working-age population with 
basic education)

S
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Indicator Name
ESG 

Classification

Labor force with basic education, male (% of male working-age population with basic 
education)

S

Labor force with intermediate education (% of total working-age population with 
intermediate education)

S

Labor force with intermediate education, female (% of female working-age population 
with intermediate education)

S

Labor force with intermediate education, male (% of male working-age population with 
intermediate education)

S

Labor force, female (% of total labor force) S

Labor force, total S

Labor tax and contributions (% of commercial profits) G

Land area (sq. km) E

Land area where elevation is below 5 meters (% of total land area) E

Land under cereal production (hectares) E

Learning poverty: Share of Children at the End-of-Primary age below minimum reading 
proficiency adjusted by Out-of-School Children (%)

S

Learning poverty: Share of Female Children at the End-of-Primary age below minimum 
reading proficiency adjusted by Out-of-School Children (%)

S

Learning poverty: Share of Male Children at the End-of-Primary age below minimum 
reading proficiency adjusted by Out-of-School Children (%)

S

Level of water stress: freshwater withdrawal as a proportion of available freshwater 
resources

E

Life expectancy at birth, female (years) S

Life expectancy at birth, male (years) S

Life expectancy at birth, total (years) S

Lifetime risk of maternal death (%) S

Lifetime risk of maternal death (1 in: rate varies by country) S

Literacy rate, adult female (% of females ages 15 and above) S

Literacy rate, adult male (% of males ages 15 and above) S

Literacy rate, adult total (% of people ages 15 and above) S

Literacy rate, youth (ages 15-24), gender parity index (GPI) S

Literacy rate, youth female (% of females ages 15-24) S

Literacy rate, youth male (% of males ages 15-24) S

Literacy rate, youth total (% of people ages 15-24) S

Losses due to theft and vandalism (% of annual sales for affected firms) S

Low-birthweight babies (% of births) S

Lower secondary completion rate, female (% of relevant age group) S

Lower secondary completion rate, male (% of relevant age group) S

Lower secondary completion rate, total (% of relevant age group) S

Lower secondary school starting age (years) S
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Indicator Name
ESG 

Classification

Male primary school age children out-of-school (%) S

Male pupils below minimum reading proficiency at end of primary (%). Low GAML 
threshold

S

Mammal species, threatened E

Marine protected areas (% of territorial waters) E

Maternal mortality ratio (modeled estimate, per 100,000 live births) S

Maternal mortality ratio (national estimate, per 100,000 live births) S

Methane emissions (% change from 1990) E

Methane emissions (kt of CO2 equivalent) E

Methane emissions in energy sector (thousand metric tons of CO2 equivalent) E

Methodology assessment of statistical capacity (scale 0 - 100) G

Mineral rents (% of GDP) E

Mortality caused by road traffic injury (per 100,000 population) S

Mortality from CVD, cancer, diabetes or CRD between exact ages 30 and 70 (%) S

Mortality from CVD, cancer, diabetes or CRD between exact ages 30 and 70, female (%) S

Mortality from CVD, cancer, diabetes or CRD between exact ages 30 and 70, male (%) S

Mortality rate attributed to household and ambient air pollution, age-standardized (per 
100,000 population)

E

Mortality rate attributed to household and ambient air pollution, age-standardized, 
female (per 100,000 female population)

E

Mortality rate attributed to household and ambient air pollution, age-standardized, male 
(per 100,000 male population)

E

Mortality rate attributed to unintentional poisoning (per 100,000 population) S

Mortality rate attributed to unintentional poisoning, female (per 100,000 female 
population)

S

Mortality rate attributed to unintentional poisoning, male (per 100,000 male population) S

Mortality rate attributed to unsafe water, unsafe sanitation and lack of hygiene (per 
100,000 population)

E

Mortality rate, adult, female (per 1,000 female adults) S

Mortality rate, adult, male (per 1,000 male adults) S

Mortality rate, infant (per 1,000 live births) S

Mortality rate, infant, female (per 1,000 live births) S

Mortality rate, infant, male (per 1,000 live births) S

Mortality rate, neonatal (per 1,000 live births) S

Mortality rate, under-5 (per 1,000 live births) S

Mortality rate, under-5, female (per 1,000 live births) S

Mortality rate, under-5, male (per 1,000 live births) S

Multidimensional poverty headcount ratio (UNDP) (% of population) S

Multidimensional poverty headcount ratio (World Bank) (% of population) S
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Indicator Name
ESG 

Classification

Natural gas rents (% of GDP) E

Net intake rate in grade 1 (% of official school-age population) S

Net intake rate in grade 1, female (% of official school-age population) S

Net intake rate in grade 1, male (% of official school-age population) S

Net migration S

Newborns protected against tetanus (%) S

Nitrous oxide emissions (% change from 1990) E

Nitrous oxide emissions (thousand metric tons of CO2 equivalent) E

Nitrous oxide emissions in energy sector (% of total) E

Nitrous oxide emissions in energy sector (thousand metric tons of CO2 equivalent) E

Number of deaths ages 10-14 years S

Number of deaths ages 15-19 years S

Number of deaths ages 20-24 years S

Number of deaths ages 5-9 years S

Number of infant deaths S

Number of maternal deaths S

Number of neonatal deaths S

Number of surgical procedures (per 100,000 population) S

Number of under-five deaths S

Number of visits or required meetings with tax officials (average for affected firms) G

Nurses and midwives (per 1,000 people) S

Oil rents (% of GDP) E

Other greenhouse gas emissions (% change from 1990) E

Other greenhouse gas emissions, HFC, PFC and SF6 (thousand metric tons of CO2 
equivalent)

E

Other taxes (% of revenue) G

Other taxes (current LCU) G

Other taxes payable by businesses (% of commercial profits) G

Out-of-pocket expenditure (% of current health expenditure) S

Over-age students, primary (% of enrollment) S

Over-age students, primary, female (% of female enrollment) S

Over-age students, primary, male (% of male enrollment) S

PFC gas emissions (thousand metric tons of CO2 equivalent) E

PM2.5 air pollution, mean annual exposure (micrograms per cubic meter) E

PM2.5 air pollution, population exposed to levels exceeding WHO guideline value (% of 
total)

E

PM2.5 pollution, population exposed to levels exceeding WHO Interim Target-1 value 
(% of total)

E
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Indicator Name
ESG 

Classification

PM2.5 pollution, population exposed to levels exceeding WHO Interim Target-2 value 
(% of total)

E

PM2.5 pollution, population exposed to levels exceeding WHO Interim Target-3 value 
(% of total)

E

Part time employment, female (% of total female employment) S

Part time employment, male (% of total male employment) S

Part time employment, total (% of total employment) S

People practicing open defecation (% of population) S

People practicing open defecation, rural (% of rural population) S

People practicing open defecation, urban (% of urban population) S

People using at least basic drinking water services (% of population) E

People using at least basic drinking water services, rural (% of rural population) E

People using at least basic drinking water services, urban (% of urban population) E

People using at least basic sanitation services (% of population) S

People using at least basic sanitation services, rural (% of rural population) S

People using at least basic sanitation services, urban (% of urban population) S

People using safely managed drinking water services (% of population) S

People using safely managed drinking water services, rural (% of rural population) S

People using safely managed drinking water services, urban (% of urban population) S

People using safely managed sanitation services (% of population) S

People using safely managed sanitation services, rural (% of rural population) S

People using safely managed sanitation services, urban (% of urban population) S

People with basic handwashing facilities including soap and water (% of population) S

People with basic handwashing facilities including soap and water, rural (% of rural 
population)

S

People with basic handwashing facilities including soap and water, urban (% of urban 
population)

S

Permanent cropland (% of land area) E

Persistence to grade 5, female (% of cohort) S

Persistence to grade 5, male (% of cohort) S

Persistence to grade 5, total (% of cohort) S

Persistence to last grade of primary, female (% of cohort) S

Persistence to last grade of primary, male (% of cohort) S

Persistence to last grade of primary, total (% of cohort) S

Physicians (per 1,000 people) S

Plant species (higher), threatened E

Political Stability and Absence of Violence/Terrorism: Estimate G

Political Stability and Absence of Violence/Terrorism: Number of Sources G

Political Stability and Absence of Violence/Terrorism: Percentile Rank G



60 ESG, Economy, and Fertility: A Machine Learning Analysis of APEC Economy

Indicator Name
ESG 

Classification

Political Stability and Absence of Violence/Terrorism: Percentile Rank, Lower Bound of 
90% Confidence Interval

G

Political Stability and Absence of Violence/Terrorism: Percentile Rank, Upper Bound of 
90% Confidence Interval

G

Political Stability and Absence of Violence/Terrorism: Standard Error G

Population density (people per sq. km of land area) S

Population in largest city S

Population in the largest city (% of urban population) S

Population in urban agglomerations of more than 1 million S

Population in urban agglomerations of more than 1 million (% of total population) S

Population living in areas where elevation is below 5 meters (% of total population) S

Population living in slums (% of urban population) S

Population, female (% of total population) S

Population, male (% of total population) S

Poverty gap at $2.15 a day (2017 PPP) (%) S

Poverty gap at $3.65 a day (2017 PPP) (%) S

Poverty gap at $6.85 a day (2017 PPP) (%) S

Poverty headcount ratio at $2.15 a day (2017 PPP) (% of population) S

Poverty headcount ratio at $3.65 a day (2017 PPP) (% of population) S

Poverty headcount ratio at $6.85 a day (2017 PPP) (% of population) S

Poverty headcount ratio at national poverty lines (% of population) S

Poverty headcount ratio at societal poverty line (% of population) S

Power outages in firms in a typical month (number) S

Pregnant women receiving prenatal care (%) S

Preprimary education, duration (years) S

Prevalence of HIV, female (% ages 15-24) S

Prevalence of HIV, male (% ages 15-24) S

Prevalence of HIV, total (% of population ages 15-49) S

Prevalence of anemia among children (% of children ages 6-59 months) S

Prevalence of anemia among non-pregnant women (% of women ages 15-49) S

Prevalence of anemia among pregnant women (%) S

Prevalence of anemia among women of reproductive age (% of women ages 15-49) S

Prevalence of current tobacco use (% of adults) S

Prevalence of current tobacco use, females (% of female adults) S

Prevalence of current tobacco use, males (% of male adults) S

Prevalence of moderate or severe food insecurity in the population (%) S

Prevalence of overweight (modeled estimate, % of children under 5) S

Prevalence of overweight, weight for height (% of children under 5) S
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Indicator Name
ESG 

Classification

Prevalence of overweight, weight for height, female (% of children under 5) S

Prevalence of overweight, weight for height, male (% of children under 5) S

Prevalence of severe food insecurity in the population (%) S

Prevalence of severe wasting, weight for height (% of children under 5) S

Prevalence of severe wasting, weight for height, female (% of children under 5) S

Prevalence of severe wasting, weight for height, male (% of children under 5) S

Prevalence of stunting, height for age (% of children under 5) S

Prevalence of stunting, height for age (modeled estimate, % of children under 5) S

Prevalence of stunting, height for age, female (% of children under 5) S

Prevalence of stunting, height for age, male (% of children under 5) S

Prevalence of undernourishment (% of population) S

Prevalence of underweight, weight for age (% of children under 5) S

Prevalence of underweight, weight for age, female (% of children under 5) S

Prevalence of underweight, weight for age, male (% of children under 5) S

Prevalence of wasting, weight for height (% of children under 5) S

Prevalence of wasting, weight for height, female (% of children under 5) S

Prevalence of wasting, weight for height, male (% of children under 5) S

Primary completion rate, female (% of relevant age group) S

Primary completion rate, male (% of relevant age group) S

Primary completion rate, total (% of relevant age group) S

Primary education, duration (years) S

Primary education, pupils (% female) S

Primary education, teachers S

Primary education, teachers (% female) S

Primary government expenditures as a proportion of original approved budget (%) G

Primary school age children out-of-school (%) S

Primary school starting age (years) S

Probability of dying among adolescents ages 10-14 years (per 1,000) S

Probability of dying among adolescents ages 15-19 years (per 1,000) S

Probability of dying among children ages 5-9 years (per 1,000) S

Probability of dying among youth ages 20-24 years (per 1,000) S

Profit tax (% of commercial profits) G

Progression to secondary school (%) S

Progression to secondary school, female (%) S

Progression to secondary school, male (%) S

Proportion of people living below 50 percent of median income (%) S

Proportion of population pushed below the $2.15 ($ 2017 PPP) poverty line by 
out-of-pocket health care expenditure (%)

S
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Indicator Name
ESG 

Classification

Proportion of population pushed below the $3.65 ($ 2017 PPP) poverty line by 
out-of-pocket health care expenditure (%)

S

Proportion of population pushed below the 60% median consumption poverty line by 
out-of-pocket health expenditure (%)

S

Proportion of population pushed further below the $2.15 ($ 2017 PPP) poverty line by 
out-of-pocket health care expenditure (%)

S

Proportion of population pushed further below the $3.65 ($ 2017 PPP) poverty line by 
out-of-pocket health care expenditure (%)

S

Proportion of population pushed further below the 60% median consumption poverty 
line by out-of-pocket health care expenditure (%)

S

Proportion of population pushed or further pushed below the $2.15 ($ 2017 PPP) 
poverty line by out-of-pocket health care expenditure (%)

S

Proportion of population pushed or further pushed below the $3.65 ($ 2017 PPP) 
poverty line by out-of-pocket health care expenditure (%)

S

Proportion of population pushed or further pushed below the 60% median consumption 
poverty line by out-of-pocket health expenditure (%)

S

Proportion of population spending more than 10% of household consumption or income 
on out-of-pocket health care expenditure (%)

S

Proportion of population spending more than 25% of household consumption or income 
on out-of-pocket health care expenditure (%)

S

Proportion of seats held by women in national parliaments (%) S

Proportion of time spent on unpaid domestic and care work, female (% of 24 hour day) S

Proportion of time spent on unpaid domestic and care work, male (% of 24 hour day) S

Proportion of women subjected to physical and/or sexual violence in the last 12 months 
(% of ever-partnered women ages 15-49)

S

Public credit registry coverage (% of adults) G

Public private partnerships investment in energy (current US$) E

Public private partnerships investment in water and sanitation (current US$) E

Pupil-teacher ratio, lower secondary S

Pupil-teacher ratio, preprimary S

Pupil-teacher ratio, primary S

Pupil-teacher ratio, secondary S

Pupil-teacher ratio, tertiary S

Pupil-teacher ratio, upper secondary S

Pupils below minimum reading proficiency at end of primary (%). Low GAML threshold S

Ratio of female to male labor force participation rate (%) (modeled ILO estimate) S

Ratio of female to male labor force participation rate (%) (national estimate) S

Refugee population by country or territory of asylum S

Refugee population by country or territory of origin S

Regulatory Quality: Estimate G
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Indicator Name
ESG 

Classification

Regulatory Quality: Number of Sources G

Regulatory Quality: Percentile Rank G

Regulatory Quality: Percentile Rank, Lower Bound of 90% Confidence Interval G

Regulatory Quality: Percentile Rank, Upper Bound of 90% Confidence Interval G

Regulatory Quality: Standard Error G

Renewable electricity output (% of total electricity output) E

Renewable energy consumption (% of total final energy consumption) E

Renewable internal freshwater resources per capita (cubic meters) E

Renewable internal freshwater resources, total (billion cubic meters) E

Repeaters, primary, female (% of female enrollment) S

Repeaters, primary, male (% of male enrollment) S

Repeaters, primary, total (% of total enrollment) S

Research and development expenditure (% of GDP) S

Researchers in R&D (per million people) S

Risk of catastrophic expenditure for surgical care (% of people at risk) S

Risk of impoverishing expenditure for surgical care (% of people at risk) S

Rule of Law: Estimate G

Rule of Law: Number of Sources G

Rule of Law: Percentile Rank G

Rule of Law: Percentile Rank, Lower Bound of 90% Confidence Interval G

Rule of Law: Percentile Rank, Upper Bound of 90% Confidence Interval G

Rule of Law: Standard Error G

Rural land area (sq. km) E

Rural land area where elevation is below 5 meters (% of total land area) E

Rural land area where elevation is below 5 meters (sq. km) E

Rural population S

Rural population (% of total population) S

Rural population growth (annual %) S

Rural population living in areas where elevation is below 5 meters (% of total population) S

SF6 gas emissions (thousand metric tons of CO2 equivalent) E

School enrollment, preprimary (% gross) S

School enrollment, preprimary, female (% gross) S

School enrollment, preprimary, male (% gross) S

School enrollment, primary (% gross) S

School enrollment, primary (% net) S

School enrollment, primary (gross), gender parity index (GPI) S

School enrollment, primary and secondary (gross), gender parity index (GPI) S

School enrollment, primary, female (% gross) S
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Indicator Name
ESG 

Classification

School enrollment, primary, female (% net) S

School enrollment, primary, male (% gross) S

School enrollment, primary, male (% net) S

School enrollment, primary, private (% of total primary) S

School enrollment, secondary (% gross) S

School enrollment, secondary (% net) S

School enrollment, secondary (gross), gender parity index (GPI) S

School enrollment, secondary, female (% gross) S

School enrollment, secondary, female (% net) S

School enrollment, secondary, male (% gross) S

School enrollment, secondary, male (% net) S

School enrollment, secondary, private (% of total secondary) S

School enrollment, tertiary (% gross) S

School enrollment, tertiary (gross), gender parity index (GPI) S

School enrollment, tertiary, female (% gross) S

School enrollment, tertiary, male (% gross) S

Scientific and technical journal articles S

Secondary education, duration (years) S

Secondary education, general pupils S

Secondary education, general pupils (% female) S

Secondary education, pupils S

Secondary education, pupils (% female) S

Secondary education, teachers S

Secondary education, teachers (% female) S

Secondary education, teachers, female S

Secondary education, vocational pupils S

Secondary education, vocational pupils (% female) S

Secondary income receipts (BoP, current US$) S

Secondary income, other sectors, payments (BoP, current US$) S

Secure Internet servers S

Secure Internet servers (per 1 million people) S

Self-employed, female (% of female employment) (modeled ILO estimate) S

Self-employed, male (% of male employment) (modeled ILO estimate) S

Self-employed, total (% of total employment) (modeled ILO estimate) S

Sex ratio at birth (male births per female births) S

Share of youth not in education, employment or training, female (% of female youth 
population)

S
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Indicator Name
ESG 

Classification

Share of youth not in education, employment or training, male (% of male youth 
population)

S

Share of youth not in education, employment or training, total (% of youth population) S

Social contributions (% of revenue) S

Social contributions (current LCU) S

Specialist surgical workforce (per 100,000 population) S

Strength of legal rights index (0=weak to 12=strong) G

Suicide mortality rate (per 100,000 population) S

Suicide mortality rate, female (per 100,000 female population) S

Suicide mortality rate, male (per 100,000 male population) S

Survey mean consumption or income per capita, bottom 40% of population (2017 PPP 
$ per day)

S

Survey mean consumption or income per capita, total population (2017 PPP $ per day) S

Survival to age 65, female (% of cohort) S

Survival to age 65, male (% of cohort) S

Tariff rate, applied, simple mean, all products (%) G

Tariff rate, applied, simple mean, manufactured products (%) G

Tariff rate, applied, simple mean, primary products (%) G

Tariff rate, applied, weighted mean, all products (%) G

Tariff rate, applied, weighted mean, manufactured products (%) G

Tariff rate, applied, weighted mean, primary products (%) G

Tariff rate, most favored nation, simple mean, all products (%) G

Tariff rate, most favored nation, simple mean, manufactured products (%) G

Tariff rate, most favored nation, simple mean, primary products (%) G

Tariff rate, most favored nation, weighted mean, all products (%) G

Tariff rate, most favored nation, weighted mean, manufactured products (%) G

Tariff rate, most favored nation, weighted mean, primary products (%) G

Tax payments (number) G

Tax revenue (% of GDP) G

Tax revenue (current LCU) G

Taxes less subsidies on products (constant LCU) G

Taxes less subsidies on products (current LCU) G

Taxes less subsidies on products (current US$) G

Taxes on exports (% of tax revenue) G

Taxes on exports (current LCU) G

Taxes on goods and services (% of revenue) G

Taxes on goods and services (% value added of industry and services) G

Taxes on goods and services (current LCU) G
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Indicator Name
ESG 

Classification

Taxes on income, profits and capital gains (% of revenue) G

Taxes on income, profits and capital gains (% of total taxes) G

Taxes on income, profits and capital gains (current LCU) G

Taxes on international trade (% of revenue) G

Taxes on international trade (current LCU) G

Technicians in R&D (per million people) S

Teenage mothers (% of women ages 15-19 who have had children or are currently 
pregnant)

S

Terrestrial and marine protected areas (% of total territorial area) E

Terrestrial protected areas (% of total land area) E

Tertiary education, academic staff (% female) S

Time spent dealing with the requirements of government regulations (% of senior 
management time)

G

Time to prepare and pay taxes (hours) G

Total alcohol consumption per capita (liters of pure alcohol, projected estimates, 15+ 
years of age)

S

Total alcohol consumption per capita, female (liters of pure alcohol, projected 
estimates, female 15+ years of age)

S

Total alcohol consumption per capita, male (liters of pure alcohol, projected estimates, 
male 15+ years of age)

S

Total fisheries production (metric tons) E

Total greenhouse gas emissions (% change from 1990) E

Total greenhouse gas emissions (kt of CO2 equivalent) E

Total natural resources rents (% of GDP) E

Total tax and contribution rate (% of profit) G

Trained teachers in lower secondary education (% of total teachers) S

Trained teachers in lower secondary education, female (% of female teachers) S

Trained teachers in lower secondary education, male (% of male teachers) S

Trained teachers in preprimary education (% of total teachers) S

Trained teachers in preprimary education, female (% of female teachers) S

Trained teachers in preprimary education, male (% of male teachers) S

Trained teachers in primary education (% of total teachers) S

Trained teachers in primary education, female (% of female teachers) S

Trained teachers in primary education, male (% of male teachers) S

Trained teachers in secondary education (% of total teachers) S

Trained teachers in secondary education, female (% of female teachers) S

Trained teachers in secondary education, male (% of male teachers) S

Trained teachers in upper secondary education (% of total teachers) S

Trained teachers in upper secondary education, female (% of female teachers) S
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Indicator Name
ESG 

Classification

Trained teachers in upper secondary education, male (% of male teachers) S

Tuberculosis case detection rate (%, all forms) S

Tuberculosis treatment success rate (% of new cases) S

UHC service coverage index S

Unemployment with advanced education (% of total labor force with advanced education) S

Unemployment with advanced education, female (% of female labor force with 
advanced education)

S

Unemployment with advanced education, male (% of male labor force with advanced 
education)

S

Unemployment with basic education (% of total labor force with basic education) S

Unemployment with basic education, female (% of female labor force with basic 
education)

S

Unemployment with basic education, male (% of male labor force with basic education) S

Unemployment with intermediate education (% of total labor force with intermediate 
education)

S

Unemployment with intermediate education, female (% of female labor force with 
intermediate education)

S

Unemployment with intermediate education, male (% of male labor force with 
intermediate education)

S

Unemployment, female (% of female labor force) (modeled ILO estimate) S

Unemployment, female (% of female labor force) (national estimate) S

Unemployment, male (% of male labor force) (modeled ILO estimate) S

Unemployment, male (% of male labor force) (national estimate) S

Unemployment, total (% of total labor force) (modeled ILO estimate) S

Unemployment, total (% of total labor force) (national estimate) S

Unemployment, youth female (% of female labor force ages 15-24) (modeled ILO 
estimate)

S

Unemployment, youth female (% of female labor force ages 15-24) (national estimate) S

Unemployment, youth male (% of male labor force ages 15-24) (modeled ILO estimate) S

Unemployment, youth male (% of male labor force ages 15-24) (national estimate) S

Unemployment, youth total (% of total labor force ages 15-24) (modeled ILO estimate) S

Unemployment, youth total (% of total labor force ages 15-24) (national estimate) S

Unmet need for contraception (% of married women ages 15-49) S

Urban land area (sq. km) E

Urban land area where elevation is below 5 meters (% of total land area) E

Urban land area where elevation is below 5 meters (sq. km) E

Urban population S

Urban population (% of total population) S

Urban population growth (annual %) S
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Indicator Name
ESG 

Classification

Urban population living in areas where elevation is below 5 meters (% of total population) S

Use of insecticide-treated bed nets (% of under-5 population) S

Value lost due to electrical outages (% of sales for affected firms) S

Vitamin A supplementation coverage rate (% of children ages 6-59 months) S

Voice and Accountability: Estimate G

Voice and Accountability: Number of Sources G

Voice and Accountability: Percentile Rank G

Voice and Accountability: Percentile Rank, Lower Bound of 90% Confidence Interval G

Voice and Accountability: Percentile Rank, Upper Bound of 90% Confidence Interval G

Voice and Accountability: Standard Error G

Vulnerable employment, female (% of female employment) (modeled ILO estimate) S

Vulnerable employment, male (% of male employment) (modeled ILO estimate) S

Vulnerable employment, total (% of total employment) (modeled ILO estimate) S

Wage and salaried workers, female (% of female employment) (modeled ILO estimate) S

Wage and salaried workers, male (% of male employment) (modeled ILO estimate) S

Wage and salaried workers, total (% of total employment) (modeled ILO estimate) S

Wanted fertility rate (births per woman) S

Water productivity, total (constant 2015 US$ GDP per cubic meter of total freshwater 
withdrawal)

E

Women Business and the Law Index Score (scale 1-100) S

Women making their own informed decisions regarding sexual relations, contraceptive 
use and reproductive health care (% of women age 15-49)

S

Women participating in the three decisions (own health care, major household 
purchases, and visiting family) (% of women age 15-49)

S

Women who believe a husband is justified in beating his wife (any of five reasons) (%) S

Women who believe a husband is justified in beating his wife when she argues with him (%) S

Women who believe a husband is justified in beating his wife when she burns the food (%) S

Women who believe a husband is justified in beating his wife when she goes out 
without telling him (%)

S

Women who believe a husband is justified in beating his wife when she neglects the 
children (%)

S

Women who believe a husband is justified in beating his wife when she refuses sex with 
him (%)

S

Women who were first married by age 15 (% of women ages 20-24) S

Women who were first married by age 18 (% of women ages 20-24) S

Women's share of population ages 15+ living with HIV (%) S

Young people (ages 15-24) newly infected with HIV S



Appendix 69

2. Economic Variables in WDI

Indicator Code Indicator Name

FX.OWN.TOTL.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider (% of population ages 15+)

FX.OWN.TOTL.FE.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider, female (% of population ages 15+)

FX.OWN.TOTL.MA.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider, male (% of population ages 15+)

FX.OWN.TOTL.OL.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider, older adults (% of population ages 25+)

FX.OWN.TOTL.40.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider, poorest 40% (% of population ages 15+)

FX.OWN.TOTL.PL.ZS
Account ownership at a financial institution or with a mobile-money- 
service provider, primary education or less (% of population ages 15+)

FX.OWN.TOTL.60.ZS
Account ownership at a financial institution or with a 
mobile-money-service provider, richest 60% (% of population ages 15+)

FX.OWN.TOTL.SO.ZS
Account ownership at a financial institution or with a mobile-money- 
service provider, secondary education or more (% of population ages 15+)

FX.OWN.TOTL.YG.ZS
Account ownership at a financial institution or with a mobile-money- 
service provider, young adults (% of population ages 15-24)

NY.ADJ.NNTY.KD.ZG Adjusted net national income (annual % growth)

NY.ADJ.NNTY.KD Adjusted net national income (constant 2015 US$)

NY.ADJ.NNTY.CD Adjusted net national income (current US$)

NY.ADJ.NNTY.PC.KD.ZG Adjusted net national income per capita (annual % growth)

NY.ADJ.NNTY.PC.KD Adjusted net national income per capita (constant 2015 US$)

NY.ADJ.NNTY.PC.CD Adjusted net national income per capita (current US$)

NY.ADJ.DKAP.GN.ZS Adjusted savings: consumption of fixed capital (% of GNI)

NY.ADJ.DKAP.CD Adjusted savings: consumption of fixed capital (current US$)

NY.ADJ.ICTR.GN.ZS Adjusted savings: gross savings (% of GNI)

NY.ADJ.NNAT.GN.ZS Adjusted savings: net national savings (% of GNI)

NY.ADJ.NNAT.CD Adjusted savings: net national savings (current US$)

TX.VAL.AGRI.ZS.UN Agricultural raw materials exports (% of merchandise exports)

TM.VAL.AGRI.ZS.UN Agricultural raw materials imports (% of merchandise imports)

IS.AIR.GOOD.MT.K1 Air transport, freight (million ton-km)

IS.AIR.PSGR Air transport, passengers carried

IS.AIR.DPRT Air transport, registered carrier departures worldwide

SI.SPR.PC40.ZG
Annualized average growth rate in per capita real survey mean consumption 
or income, bottom 40% of population (%)

SI.SPR.PCAP.ZG
Annualized average growth rate in per capita real survey mean consumption 
or income, total population (%)
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Indicator Code Indicator Name

ER.FSH.AQUA.MT Aquaculture production (metric tons)

MS.MIL.TOTL.TF.ZS Armed forces personnel (% of total labor force)

MS.MIL.TOTL.P1 Armed forces personnel, total

MS.MIL.XPRT.KD Arms exports (SIPRI trend indicator values)

MS.MIL.MPRT.KD Arms imports (SIPRI trend indicator values)

FB.ATM.TOTL.P5 Automated teller machines (ATMs) (per 100,000 adults)

IC.CUS.DURS.EX Average time to clear exports through customs (days)

SI.RMT.COST.OB.ZS Average transaction cost of sending remittances from a specific country (%)

SI.RMT.COST.IB.ZS Average transaction cost of sending remittances to a specific country (%)

FB.BNK.CAPA.ZS Bank capital to assets ratio (%)

FD.RES.LIQU.AS.ZS Bank liquid reserves to bank assets ratio (%)

FB.AST.NPER.ZS Bank nonperforming loans to total gross loans (%)

VC.BTL.DETH Battle-related deaths (number of people)

TM.TAX.MRCH.BC.ZS Binding coverage, all products (%)

TM.TAX.MANF.BC.ZS Binding coverage, manufactured products (%)

TM.TAX.TCOM.BC.ZS Binding coverage, primary products (%)

EN.BIR.THRD.NO Bird species, threatened

FB.CBK.BRWR.P3 Borrowers from commercial banks (per 1,000 adults)

TM.TAX.MRCH.BR.ZS Bound rate, simple mean, all products (%)

TM.TAX.MANF.BR.ZS Bound rate, simple mean, manufactured products (%)

TM.TAX.TCOM.BR.ZS Bound rate, simple mean, primary products (%)

FM.LBL.BMNY.GD.ZS Broad money (% of GDP)

FM.LBL.BMNY.CN Broad money (current LCU)

FM.LBL.BMNY.ZG Broad money growth (annual %)

FM.LBL.BMNY.IR.ZS Broad money to total reserves ratio

GC.DOD.TOTL.GD.ZS Central government debt, total (% of GDP)

GC.DOD.TOTL.CN Central government debt, total (current LCU)

AG.PRD.CREL.MT Cereal production (metric tons)

AG.YLD.CREL.KG Cereal yield (kg per hectare)

NE.GDI.STKB.KN Changes in inventories (constant LCU)

NE.GDI.STKB.CN Changes in inventories (current LCU)

NE.GDI.STKB.CD Changes in inventories (current US$)

BM.GSR.ROYL.CD Charges for the use of intellectual property, payments (BoP, current US$)

BX.GSR.ROYL.CD Charges for the use of intellectual property, receipts (BoP, current US$)

NV.MNF.CHEM.ZS.UN Chemicals (% of value added in manufacturing)

FM.AST.CGOV.ZG.M3 Claims on central government (annual growth as % of broad money)

FS.AST.CGOV.GD.ZS Claims on central government, etc. (% GDP)

FS.AST.DOMO.GD.ZS Claims on other sectors of the domestic economy (% of GDP)
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Indicator Code Indicator Name

FM.AST.DOMO.ZG.M3
Claims on other sectors of the domestic economy (annual growth as % of 
broad money)

FM.AST.PRVT.ZG.M3 Claims on private sector (annual growth as % of broad money)

FB.CBK.BRCH.P5 Commercial bank branches (per 100,000 adults)

DT.NFL.PCBO.CD Commercial banks and other lending (PPG + PNG) (NFL, current US$)

TX.VAL.SERV.CD.WT Commercial service exports (current US$)

TM.VAL.SERV.CD.WT Commercial service imports (current US$)

BX.GSR.CMCP.ZS Communications, computer, etc. (% of service exports, BoP)

BM.GSR.CMCP.ZS Communications, computer, etc. (% of service imports, BoP)

GC.XPN.COMP.ZS Compensation of employees (% of expense)

GC.XPN.COMP.CN Compensation of employees (current LCU)

TX.VAL.OTHR.ZS.WT
Computer, communications and other services (% of commercial service 
exports)

TM.VAL.OTHR.ZS.WT
Computer, communications and other services (% of commercial service 
imports)

FP.CPI.TOTL Consumer price index (2010 = 100)

IS.SHP.GOOD.TU Container port traffic (TEU: 20 foot equivalent units)

IC.REG.COST.PC.ZS Cost of business start-up procedures (% of GNI per capita)

IC.REG.COST.PC.FE.ZS Cost of business start-up procedures, female (% of GNI per capita)

IC.REG.COST.PC.MA.ZS Cost of business start-up procedures, male (% of GNI per capita)

IC.EXP.CSBC.CD Cost to export, border compliance (US$)

IC.EXP.CSDC.CD Cost to export, documentary compliance (US$)

IC.IMP.CSBC.CD Cost to import, border compliance (US$)

IC.IMP.CSDC.CD Cost to import, documentary compliance (US$)

AG.PRD.CROP.XD Crop production index (2014-2016 = 100)

BN.CAB.XOKA.GD.ZS Current account balance (% of GDP)

BN.CAB.XOKA.CD Current account balance (BoP, current US$)

PA.NUS.ATLS DEC alternative conversion factor (LCU per US$)

DT.TDS.DPPF.XP.ZS
Debt service (PPG and IMF only, % of exports of goods, services and 
primary income)

DT.TDS.DPPG.CD
Debt service on external debt, public and publicly guaranteed (PPG) (TDS, 
current US$)

DT.TDS.DECT.CD Debt service on external debt, total (TDS, current US$)

FR.INR.DPST Deposit interest rate (%)

FB.CBK.DPTR.P3 Depositors with commercial banks (per 1,000 adults)

IC.CRD.INFO.XQ Depth of credit information index (0=low to 8=high)

NY.GDP.DISC.KN Discrepancy in expenditure estimate of GDP (constant LCU)

NY.GDP.DISC.CN Discrepancy in expenditure estimate of GDP (current LCU)

FS.AST.DOMS.GD.ZS Domestic credit provided by financial sector (% of GDP)

FS.AST.PRVT.GD.ZS Domestic credit to private sector (% of GDP)
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Indicator Code Indicator Name

FD.AST.PRVT.GD.ZS Domestic credit to private sector by banks (% of GDP)

GC.XPN.TOTL.GD.ZS Expense (% of GDP)

GC.XPN.TOTL.CN Expense (current LCU)

TX.UVI.MRCH.XD.WD Export unit value index (2015 = 100)

TX.VAL.MRCH.XD.WD Export value index (2015 = 100)

TX.QTY.MRCH.XD.WD Export volume index (2015 = 100)

NY.EXP.CAPM.KN Exports as a capacity to import (constant LCU)

NE.EXP.GNFS.ZS Exports of goods and services (% of GDP)

BX.GSR.GNFS.CD Exports of goods and services (BoP, current US$)

NE.EXP.GNFS.KD.ZG Exports of goods and services (annual % growth)

NE.EXP.GNFS.KD Exports of goods and services (constant 2015 US$)

NE.EXP.GNFS.KN Exports of goods and services (constant LCU)

NE.EXP.GNFS.CN Exports of goods and services (current LCU)

NE.EXP.GNFS.CD Exports of goods and services (current US$)

BX.GSR.TOTL.CD Exports of goods, services and primary income (BoP, current US$)

NE.RSB.GNFS.ZS External balance on goods and services (% of GDP)

NE.RSB.GNFS.KN External balance on goods and services (constant LCU)

NE.RSB.GNFS.CN External balance on goods and services (current LCU)

NE.RSB.GNFS.CD External balance on goods and services (current US$)

DT.DOD.DECT.GN.ZS External debt stocks (% of GNI)

DT.DOD.DLXF.CD External debt stocks, long-term (DOD, current US$)

DT.DOD.DPNG.CD External debt stocks, private nonguaranteed (PNG) (DOD, current US$)

DT.DOD.DPPG.CD
External debt stocks, public and publicly guaranteed (PPG) 
(DOD, current US$)

DT.DOD.DSTC.CD External debt stocks, short-term (DOD, current US$)

DT.DOD.DECT.CD External debt stocks, total (DOD, current US$)

NE.CON.TOTL.ZS Final consumption expenditure (% of GDP)

NE.CON.TOTL.KD.ZG Final consumption expenditure (annual % growth)

NE.CON.TOTL.KD Final consumption expenditure (constant 2015 US$)

NE.CON.TOTL.KN Final consumption expenditure (constant LCU)

NE.CON.TOTL.CN Final consumption expenditure (current LCU)

NE.CON.TOTL.CD Final consumption expenditure (current US$)

NV.FSM.TOTL.KN Financial intermediary services indirectly Measured (FISIM) (constant LCU)

NV.FSM.TOTL.CN Financial intermediary services indirectly Measured (FISIM) (current LCU)

IC.FRM.CMPU.ZS Firms competing against unregistered firms (% of firms)

IC.ELC.OUTG.ZS Firms experiencing electrical outages (% of firms)

IC.FRM.THEV.ZS Firms experiencing losses due to theft and vandalism (% of firms)

IC.FRM.FREG.ZS Firms formally registered when operations started (% of firms)

IC.FRM.TRNG.ZS Firms offering formal training (% of firms)
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Indicator Code Indicator Name

IC.FRM.RSDV.ZS Firms that spend on R&D (% of firms)

IC.FRM.BNKS.ZS Firms using banks to finance investment (% of firms)

IC.FRM.BKWC.ZS Firms using banks to finance working capital (% of firms)

IT.NET.BBND Fixed broadband subscriptions

IT.NET.BBND.P2 Fixed broadband subscriptions (per 100 people)

IT.MLT.MAIN Fixed telephone subscriptions

IT.MLT.MAIN.P2 Fixed telephone subscriptions (per 100 people)

TX.VAL.FOOD.ZS.UN Food exports (% of merchandise exports)

TM.VAL.FOOD.ZS.UN Food imports (% of merchandise imports)

AG.PRD.FOOD.XD Food production index (2014-2016 = 100)

NV.MNF.FBTO.ZS.UN Food, beverages and tobacco (% of value added in manufacturing)

BN.KLT.DINV.CD Foreign direct investment, net (BoP, current US$)

BX.KLT.DINV.WD.GD.ZS Foreign direct investment, net inflows (% of GDP)

BX.KLT.DINV.CD.WD Foreign direct investment, net inflows (BoP, current US$)

BM.KLT.DINV.WD.GD.ZS Foreign direct investment, net outflows (% of GDP)

BM.KLT.DINV.CD.WD Foreign direct investment, net outflows (BoP, current US$)

TX.VAL.FUEL.ZS.UN Fuel exports (% of merchandise exports)

TM.VAL.FUEL.ZS.UN Fuel imports (% of merchandise imports)

NY.GDP.MKTP.KD GDP (constant 2015 US$)

NY.GDP.MKTP.KN GDP (constant LCU)

NY.GDP.MKTP.CN GDP (current LCU)

NY.GDP.MKTP.CD GDP (current US$)

NY.GDP.DEFL.ZS GDP deflator (base year varies by country)

NY.GDP.DEFL.ZS.AD GDP deflator: linked series (base year varies by country)

NY.GDP.MKTP.KD.ZG GDP growth (annual %)

NY.GDP.PCAP.KD GDP per capita (constant 2015 US$)

NY.GDP.PCAP.KN GDP per capita (constant LCU)

NY.GDP.PCAP.CN GDP per capita (current LCU)

NY.GDP.PCAP.CD GDP per capita (current US$)

NY.GDP.PCAP.KD.ZG GDP per capita growth (annual %)

NY.GDP.PCAP.PP.KD GDP per capita, PPP (constant 2021 international $)

NY.GDP.PCAP.PP.CD GDP per capita, PPP (current international $)

SL.GDP.PCAP.EM.KD GDP per person employed (constant 2021 PPP $)

NY.GDP.MKTP.PP.KD GDP, PPP (constant 2021 international $)

NY.GDP.MKTP.PP.CD GDP, PPP (current international $)

NY.GDP.MKTP.CN.AD GDP: linked series (current LCU)

NY.GNP.MKTP.KD GNI (constant 2015 US$)

NY.GNP.MKTP.KN GNI (constant LCU)



74 ESG, Economy, and Fertility: A Machine Learning Analysis of APEC Economy

Indicator Code Indicator Name

NY.GNP.MKTP.CN GNI (current LCU)

NY.GNP.MKTP.CD GNI (current US$)

NY.GNP.MKTP.KD.ZG GNI growth (annual %)

NY.GNP.PCAP.KD GNI per capita (constant 2015 US$)

NY.GNP.PCAP.KN GNI per capita (constant LCU)

NY.GNP.PCAP.CN GNI per capita (current LCU)

NY.GNP.PCAP.KD.ZG GNI per capita growth (annual %)

NY.GNP.PCAP.CD GNI per capita, Atlas method (current US$)

NY.GNP.PCAP.PP.KD GNI per capita, PPP (constant 2021 international $)

NY.GNP.PCAP.PP.CD GNI per capita, PPP (current international $)

NY.GNP.ATLS.CD GNI, Atlas method (current US$)

NY.GNP.MKTP.PP.KD GNI, PPP (constant 2021 international $)

NY.GNP.MKTP.PP.CD GNI, PPP (current international $)

NY.GNP.MKTP.CN.AD GNI: linked series (current LCU)

GC.XPN.GSRV.ZS Goods and services expense (% of expense)

GC.XPN.GSRV.CN Goods and services expense (current LCU)

BX.GSR.MRCH.CD Goods exports (BoP, current US$)

BM.GSR.MRCH.CD Goods imports (BoP, current US$)

GC.REV.GOTR.ZS Grants and other revenue (% of revenue)

GC.REV.GOTR.CN Grants and other revenue (current LCU)

BX.GRT.EXTA.CD.WD Grants, excluding technical cooperation (BoP, current US$)

NE.GDI.TOTL.ZS Gross capital formation (% of GDP)

NE.GDI.TOTL.KD.ZG Gross capital formation (annual % growth)

NE.GDI.TOTL.KD Gross capital formation (constant 2015 US$)

NE.GDI.TOTL.KN Gross capital formation (constant LCU)

NE.GDI.TOTL.CN Gross capital formation (current LCU)

NE.GDI.TOTL.CD Gross capital formation (current US$)

NY.GDY.TOTL.KN Gross domestic income (constant LCU)

NY.GDS.TOTL.ZS Gross domestic savings (% of GDP)

NY.GDS.TOTL.CN Gross domestic savings (current LCU)

NY.GDS.TOTL.CD Gross domestic savings (current US$)

NE.GDI.FTOT.ZS Gross fixed capital formation (% of GDP)

NE.GDI.FTOT.KD.ZG Gross fixed capital formation (annual % growth)

NE.GDI.FTOT.KD Gross fixed capital formation (constant 2015 US$)

NE.GDI.FTOT.KN Gross fixed capital formation (constant LCU)

NE.GDI.FTOT.CN Gross fixed capital formation (current LCU)

NE.GDI.FTOT.CD Gross fixed capital formation (current US$)

NE.GDI.FPRV.ZS Gross fixed capital formation, private sector (% of GDP)
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Indicator Code Indicator Name

NE.GDI.FPRV.CN Gross fixed capital formation, private sector (current LCU)

NE.DAB.TOTL.ZS Gross national expenditure (% of GDP)

NE.DAB.TOTL.KD Gross national expenditure (constant 2015 US$)

NE.DAB.TOTL.KN Gross national expenditure (constant LCU)

NE.DAB.TOTL.CN Gross national expenditure (current LCU)

NE.DAB.TOTL.CD Gross national expenditure (current US$)

NE.DAB.DEFL.ZS Gross national expenditure deflator (base year varies by country)

NY.GNS.ICTR.ZS Gross savings (% of GDP)

NY.GNS.ICTR.GN.ZS Gross savings (% of GNI)

NY.GNS.ICTR.CN Gross savings (current LCU)

NY.GNS.ICTR.CD Gross savings (current US$)

NY.GDP.FCST.KD Gross value added at basic prices (GVA) (constant 2015 US$)

NY.GDP.FCST.KN Gross value added at basic prices (GVA) (constant LCU)

NY.GDP.FCST.CN Gross value added at basic prices (GVA) (current LCU)

NY.GDP.FCST.CD Gross value added at basic prices (GVA) (current US$)

TX.VAL.TECH.MF.ZS High-technology exports (% of manufactured exports)

TX.VAL.TECH.CD High-technology exports (current US$)

NE.CON.PRVT.KD.ZG Households and NPISHs Final consumption expenditure (annual % growth)

NE.CON.PRVT.KD
Households and NPISHs Final consumption expenditure
(constant 2015 US$)

NE.CON.PRVT.KN Households and NPISHs Final consumption expenditure (constant LCU)

NE.CON.PRVT.CN Households and NPISHs Final consumption expenditure (current LCU)

NE.CON.PRVT.CD Households and NPISHs Final consumption expenditure (current US$)

NE.CON.PRVT.PC.KD
Households and NPISHs Final consumption expenditure per capita 
(constant 2015 US$)

NE.CON.PRVT.PC.KD.ZG
Households and NPISHs Final consumption expenditure per capita growth 
(annual %)

NE.CON.PRVT.PP.KD
Households and NPISHs Final consumption expenditure, PPP 
(constant 2021 international $)

NE.CON.PRVT.PP.CD
Households and NPISHs Final consumption expenditure, PPP 
(current international $)

NE.CON.PRVT.ZS Households and NPISHs final consumption expenditure (% of GDP)

NE.CON.PRVT.CN.AD
Households and NPISHs final consumption expenditure: linked series 
(current LCU)

DT.DOD.MWBG.CD IBRD loans and IDA credits (DOD, current US$)

TX.VAL.ICTG.ZS.UN ICT goods exports (% of total goods exports)

TM.VAL.ICTG.ZS.UN ICT goods imports (% total goods imports)

BX.GSR.CCIS.ZS ICT service exports (% of service exports, BoP)

BX.GSR.CCIS.CD ICT service exports (BoP, current US$)

DT.NFL.NIFC.CD IFC, private nonguaranteed (NFL, US$)
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Indicator Code Indicator Name

DT.TDS.DIMF.CD IMF repurchases and charges (TDS, current US$)

TM.UVI.MRCH.XD.WD Import unit value index (2015 = 100)

TM.VAL.MRCH.XD.WD Import value index (2015 = 100)

TM.QTY.MRCH.XD.WD Import volume index (2015 = 100)

NE.IMP.GNFS.ZS Imports of goods and services (% of GDP)

BM.GSR.GNFS.CD Imports of goods and services (BoP, current US$)

NE.IMP.GNFS.KD.ZG Imports of goods and services (annual % growth)

NE.IMP.GNFS.KD Imports of goods and services (constant 2015 US$)

NE.IMP.GNFS.KN Imports of goods and services (constant LCU)

NE.IMP.GNFS.CN Imports of goods and services (current LCU)

NE.IMP.GNFS.CD Imports of goods and services (current US$)

BM.GSR.TOTL.CD Imports of goods, services and primary income (BoP, current US$)

IP.IDS.NRCT Industrial design applications, nonresident, by count

IP.IDS.RSCT Industrial design applications, resident, by count

NV.IND.TOTL.ZS Industry (including construction), value added (% of GDP)

NV.IND.TOTL.KD.ZG Industry (including construction), value added (annual % growth)

NV.IND.TOTL.KD Industry (including construction), value added (constant 2015 US$)

NV.IND.TOTL.KN Industry (including construction), value added (constant LCU)

NV.IND.TOTL.CN Industry (including construction), value added (current LCU)

NV.IND.TOTL.CD Industry (including construction), value added (current US$)

NV.IND.EMPL.KD
Industry (including construction), value added per worker
(constant 2015 US$)

NY.GDP.DEFL.KD.ZG Inflation, GDP deflator (annual %)

NY.GDP.DEFL.KD.ZG.AD Inflation, GDP deflator: linked series (annual %)

FP.CPI.TOTL.ZG Inflation, consumer prices (annual %)

TX.VAL.INSF.ZS.WT Insurance and financial services (% of commercial service exports)

TM.VAL.INSF.ZS.WT Insurance and financial services (% of commercial service imports)

BX.GSR.INSF.ZS Insurance and financial services (% of service exports, BoP)

BM.GSR.INSF.ZS Insurance and financial services (% of service imports, BoP)

GC.XPN.INTP.ZS Interest payments (% of expense)

GC.XPN.INTP.RV.ZS Interest payments (% of revenue)

GC.XPN.INTP.CN Interest payments (current LCU)

FR.INR.LNDP Interest rate spread (lending rate minus deposit rate, %)

ST.INT.XPND.MP.ZS International tourism, expenditures (% of total imports)

ST.INT.XPND.CD International tourism, expenditures (current US$)

ST.INT.TRNX.CD
International tourism, expenditures for passenger transport items
(current US$)

ST.INT.TVLX.CD International tourism, expenditures for travel items (current US$)

ST.INT.ARVL International tourism, number of arrivals
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Indicator Code Indicator Name

ST.INT.DPRT International tourism, number of departures

ST.INT.RCPT.XP.ZS International tourism, receipts (% of total exports)

ST.INT.RCPT.CD International tourism, receipts (current US$)

ST.INT.TRNR.CD International tourism, receipts for passenger transport items (current US$)

ST.INT.TVLR.CD International tourism, receipts for travel items (current US$)

IE.PPI.ICTI.CD Investment in ICT with private participation (current US$)

IE.PPI.TRAN.CD Investment in transport with private participation (current US$)

LP.EXP.DURS.MD Lead time to export, median case (days)

LP.IMP.DURS.MD Lead time to import, median case (days)

FR.INR.LEND Lending interest rate (%)

IS.SHP.GCNW.XQ Liner shipping connectivity index (maximum value in 2004 = 100)

CM.MKT.LDOM.NO Listed domestic companies, total

AG.PRD.LVSK.XD Livestock production index (2014-2016 = 100)

LP.LPI.TRAC.XQ
Logistics performance index: Ability to track and trace consignments 
(1=low to 5=high)

LP.LPI.LOGS.XQ
Logistics performance index: Competence and quality of logistics services 
(1=low to 5=high)

LP.LPI.ITRN.XQ
Logistics performance index: Ease of arranging competitively priced 
shipments (1=low to 5=high)

LP.LPI.CUST.XQ
Logistics performance index: Efficiency of customs clearance process 
(1=low to 5=high)

LP.LPI.TIME.XQ
Logistics performance index: Frequency with which shipments reach 
consignee within scheduled or expected time (1=low to 5=high)

LP.LPI.OVRL.XQ Logistics performance index: Overall (1=low to 5=high)

LP.LPI.INFR.XQ
Logistics performance index: Quality of trade and transport-related 
infrastructure (1=low to 5=high)

NV.MNF.MTRN.ZS.UN Machinery and transport equipment (% of value added in manufacturing)

TX.VAL.MANF.ZS.UN Manufactures exports (% of merchandise exports)

TM.VAL.MANF.ZS.UN Manufactures imports (% of merchandise imports)

NV.IND.MANF.ZS Manufacturing, value added (% of GDP)

NV.IND.MANF.KD.ZG Manufacturing, value added (annual % growth)

NV.IND.MANF.KD Manufacturing, value added (constant 2015 US$)

NV.IND.MANF.KN Manufacturing, value added (constant LCU)

NV.IND.MANF.CN Manufacturing, value added (current LCU)

NV.IND.MANF.CD Manufacturing, value added (current US$)

CM.MKT.LCAP.GD.ZS Market capitalization of listed domestic companies (% of GDP)

CM.MKT.LCAP.CD Market capitalization of listed domestic companies (current US$)

TX.MNF.TECH.ZS.UN Medium and high-tech exports (% manufactured exports)

NV.MNF.TECH.ZS.UN
Medium and high-tech manufacturing value added (% manufacturing value 
added)
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Indicator Code Indicator Name

TX.VAL.MRCH.CD.WT Merchandise exports (current US$)

TX.VAL.MRCH.WL.CD Merchandise exports by the reporting economy (current US$)

TX.VAL.MRCH.RS.ZS
Merchandise exports by the reporting economy, residual 
(% of total merchandise exports)

TX.VAL.MRCH.AL.ZS
Merchandise exports to economies in the Arab World (% of total 
merchandise exports)

TX.VAL.MRCH.HI.ZS
Merchandise exports to high-income economies (% of total merchandise 
exports)

TX.VAL.MRCH.R1.ZS
Merchandise exports to low- and middle-income economies in East Asia & 
Pacific (% of total merchandise exports)

TX.VAL.MRCH.R2.ZS
Merchandise exports to low- and middle-income economies in Europe & 
Central Asia (% of total merchandise exports)

TX.VAL.MRCH.R3.ZS
Merchandise exports to low- and middle-income economies in Latin 
America & the Caribbean (% of total merchandise exports)

TX.VAL.MRCH.R4.ZS
Merchandise exports to low- and middle-income economies in Middle 
East & North Africa (% of total merchandise exports)

TX.VAL.MRCH.R5.ZS
Merchandise exports to low- and middle-income economies in South Asia 
(% of total merchandise exports)

TX.VAL.MRCH.R6.ZS
Merchandise exports to low- and middle-income economies in 
Sub-Saharan Africa (% of total merchandise exports)

TX.VAL.MRCH.OR.ZS
Merchandise exports to low- and middle-income economies outside 
region (% of total merchandise exports)

TX.VAL.MRCH.WR.ZS
Merchandise exports to low- and middle-income economies within region 
(% of total merchandise exports)

TM.VAL.MRCH.CD.WT Merchandise imports (current US$)

TM.VAL.MRCH.WL.CD Merchandise imports by the reporting economy (current US$)

TM.VAL.MRCH.RS.ZS
Merchandise imports by the reporting economy, residual
(% of total merchandise imports)

TM.VAL.MRCH.AL.ZS
Merchandise imports from economies in the Arab World
(% of total merchandise imports)

TM.VAL.MRCH.HI.ZS
Merchandise imports from high-income economies
(% of total merchandise imports)

TM.VAL.MRCH.R1.ZS
Merchandise imports from low- and middle-income economies in East 
Asia & Pacific (% of total merchandise imports)

TM.VAL.MRCH.R2.ZS
Merchandise imports from low- and middle-income economies in Europe 
& Central Asia (% of total merchandise imports)

TM.VAL.MRCH.R3.ZS
Merchandise imports from low- and middle-income economies in Latin 
America & the Caribbean (% of total merchandise imports)

TM.VAL.MRCH.R4.ZS
Merchandise imports from low- and middle-income economies in Middle 
East & North Africa (% of total merchandise imports)

TM.VAL.MRCH.R5.ZS
Merchandise imports from low- and middle-income economies in South 
Asia (% of total merchandise imports)

TM.VAL.MRCH.R6.ZS
Merchandise imports from low- and middle-income economies in 
Sub-Saharan Africa (% of total merchandise imports)
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Indicator Code Indicator Name

TM.VAL.MRCH.OR.ZS
Merchandise imports from low- and middle-income economies outside 
region (% of total merchandise imports)

TM.VAL.MRCH.WR.ZS
Merchandise imports from low- and middle-income economies within 
region (% of total merchandise imports)

TG.VAL.TOTL.GD.ZS Merchandise trade (% of GDP)

MS.MIL.XPND.GD.ZS Military expenditure (% of GDP)

MS.MIL.XPND.ZS Military expenditure (% of general government expenditure)

MS.MIL.XPND.CN Military expenditure (current LCU)

MS.MIL.XPND.CD Military expenditure (current USD)

IT.CEL.SETS Mobile cellular subscriptions

IT.CEL.SETS.P2 Mobile cellular subscriptions (per 100 people)

FM.AST.PRVT.GD.ZS Monetary Sector credit to private sector (% GDP)

DT.TDS.MLAT.PG.ZS Multilateral debt service (% of public and publicly guaranteed debt service)

DT.TDS.MLAT.CD Multilateral debt service (TDS, current US$)

DC.ODA.TLDC.GN.ZS Net ODA provided to the least developed economies (% of GNI)

DC.ODA.TLDC.CD Net ODA provided, to the least developed economies (current US$)

DC.ODA.TOTL.GN.ZS Net ODA provided, total (% of GNI)

DC.ODA.TOTL.KD Net ODA provided, total (constant 2021 US$)

DC.ODA.TOTL.CD Net ODA provided, total (current US$)

DT.ODA.ODAT.GN.ZS Net ODA received (% of GNI)

DT.ODA.ODAT.XP.ZS Net ODA received (% of central government expense)

DT.ODA.ODAT.GI.ZS Net ODA received (% of gross capital formation)

DT.ODA.ODAT.MP.ZS Net ODA received (% of imports of goods, services and primary income)

DT.ODA.ODAT.PC.ZS Net ODA received per capita (current US$)

GC.AST.TOTL.GD.ZS Net acquisition of financial assets (% of GDP)

GC.AST.TOTL.CN Net acquisition of financial assets (current LCU)

TT.PRI.MRCH.XD.WD Net barter terms of trade index (2015 = 100)

DC.DAC.AUSL.CD Net bilateral aid flows from DAC donors, Australia (current US$)

DC.DAC.AUTL.CD Net bilateral aid flows from DAC donors, Austria (current US$)

DC.DAC.BELL.CD Net bilateral aid flows from DAC donors, Belgium (current US$)

DC.DAC.CANL.CD Net bilateral aid flows from DAC donors, Canada (current US$)

DC.DAC.CZEL.CD Net bilateral aid flows from DAC donors, Czechia (current US$)

DC.DAC.DNKL.CD Net bilateral aid flows from DAC donors, Denmark (current US$)

DC.DAC.ESTL.CD Net bilateral aid flows from DAC donors, Estonia (current US$)

DC.DAC.CECL.CD
Net bilateral aid flows from DAC donors, European Union institutions 
(current US$)

DC.DAC.FINL.CD Net bilateral aid flows from DAC donors, Finland (current US$)

DC.DAC.FRAL.CD Net bilateral aid flows from DAC donors, France (current US$)

DC.DAC.DEUL.CD Net bilateral aid flows from DAC donors, Germany (current US$)
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Indicator Code Indicator Name

DC.DAC.GRCL.CD Net bilateral aid flows from DAC donors, Greece (current US$)

DC.DAC.HUNL.CD Net bilateral aid flows from DAC donors, Hungary (current US$)

DC.DAC.ISLL.CD Net bilateral aid flows from DAC donors, Iceland (current US$)

DC.DAC.IRLL.CD Net bilateral aid flows from DAC donors, Ireland (current US$)

DC.DAC.ITAL.CD Net bilateral aid flows from DAC donors, Italy (current US$)

DC.DAC.JPNL.CD Net bilateral aid flows from DAC donors, Japan (current US$)

DC.DAC.KORL.CD Net bilateral aid flows from DAC donors, Korea, Rep. (current US$)

DC.DAC.LTUL.CD Net bilateral aid flows from DAC donors, Lithuania (current US$)

DC.DAC.LUXL.CD Net bilateral aid flows from DAC donors, Luxembourg (current US$)

DC.DAC.NLDL.CD Net bilateral aid flows from DAC donors, Netherlands (current US$)

DC.DAC.NZLL.CD Net bilateral aid flows from DAC donors, New Zealand (current US$)

DC.DAC.NORL.CD Net bilateral aid flows from DAC donors, Norway (current US$)

DC.DAC.POLL.CD Net bilateral aid flows from DAC donors, Poland (current US$)

DC.DAC.PRTL.CD Net bilateral aid flows from DAC donors, Portugal (current US$)

DC.DAC.SVKL.CD Net bilateral aid flows from DAC donors, Slovak Republic (current US$)

DC.DAC.SVNL.CD Net bilateral aid flows from DAC donors, Slovenia (current US$)

DC.DAC.ESPL.CD Net bilateral aid flows from DAC donors, Spain (current US$)

DC.DAC.SWEL.CD Net bilateral aid flows from DAC donors, Sweden (current US$)

DC.DAC.CHEL.CD Net bilateral aid flows from DAC donors, Switzerland (current US$)

DC.DAC.TOTL.CD Net bilateral aid flows from DAC donors, Total (current US$)

DC.DAC.GBRL.CD Net bilateral aid flows from DAC donors, United Kingdom (current US$)

DC.DAC.USAL.CD Net bilateral aid flows from DAC donors, United States (current US$)

BN.TRF.KOGT.CD Net capital account (BoP, current US$)

FM.AST.DOMS.CN Net domestic credit (current LCU)

BN.KAC.EOMS.CD Net errors and omissions (BoP, current US$)

BN.FIN.TOTL.CD Net financial account (BoP, current US$)

DT.NFL.MIBR.CD Net financial flows, IBRD (NFL, current US$)

DT.NFL.MIDA.CD Net financial flows, IDA (NFL, current US$)

DT.NFL.IMFC.CD Net financial flows, IMF concessional (NFL, current US$)

DT.NFL.IMFN.CD Net financial flows, IMF nonconcessional (NFL, current US$)

DT.NFL.RDBC.CD Net financial flows, RDB concessional (NFL, current US$)

DT.NFL.RDBN.CD Net financial flows, RDB nonconcessional (NFL, current US$)

DT.NFL.BLAT.CD Net financial flows, bilateral (NFL, current US$)

DT.NFL.MLAT.CD Net financial flows, multilateral (NFL, current US$)

DT.NFL.MOTH.CD Net financial flows, others (NFL, current US$)

DT.NFL.DPNG.CD Net flows on external debt, private nonguaranteed (PNG) (NFL, current US$)

FM.AST.NFRG.CN Net foreign assets (current LCU)

GC.LBL.TOTL.GD.ZS Net incurrence of liabilities, total (% of GDP)
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Indicator Code Indicator Name

GC.LBL.TOTL.CN Net incurrence of liabilities, total (current LCU)

GC.NFN.TOTL.GD.ZS Net investment in nonfinancial assets (% of GDP)

GC.NFN.TOTL.CN Net investment in nonfinancial assets (current LCU)

GC.NLD.TOTL.GD.ZS Net lending (+) / net borrowing (-) (% of GDP)

GC.NLD.TOTL.CN Net lending (+) / net borrowing (-) (current LCU)

DT.ODA.OATL.KD Net official aid received (constant 2021 US$)

DT.ODA.OATL.CD Net official aid received (current US$)

DT.ODA.ALLD.KD
Net official development assistance and official aid received 
(constant 2021 US$)

DT.ODA.ALLD.CD Net official development assistance and official aid received (current US$)

DT.ODA.ODAT.KD Net official development assistance received (constant 2021 US$)

DT.ODA.ODAT.CD Net official development assistance received (current US$)

DT.NFL.CERF.CD Net official flows from UN agencies, CERF (current US$)

DT.NFL.FAOG.CD Net official flows from UN agencies, FAO (current US$)

DT.NFL.IAEA.CD Net official flows from UN agencies, IAEA (current US$)

DT.NFL.IFAD.CD Net official flows from UN agencies, IFAD (current US$)

DT.NFL.ILOG.CD Net official flows from UN agencies, ILO (current US$)

DT.NFL.SDGF.CD Net official flows from UN agencies, SDGFUND (current US$)

DT.NFL.SPRP.CD Net official flows from UN agencies, SPRP (current US$)

DT.NFL.UNAI.CD Net official flows from UN agencies, UNAIDS (current US$)

DT.NFL.UNCD.CD Net official flows from UN agencies, UNCDF (current US$)

DT.NFL.UNCV.CD Net official flows from UN agencies, UNCOVID (current US$)

DT.NFL.UNCTAD.CD Net official flows from UN agencies, UNCTAD (current US$)

DT.NFL.UNDP.CD Net official flows from UN agencies, UNDP (current US$)

DT.NFL.UNEC.CD Net official flows from UN agencies, UNECE (current US$)

DT.NFL.UNEP.CD Net official flows from UN agencies, UNEP (current US$)

DT.NFL.UNFP.CD Net official flows from UN agencies, UNFPA (current US$)

DT.NFL.UNCR.CD Net official flows from UN agencies, UNHCR (current US$)

DT.NFL.UNCF.CD Net official flows from UN agencies, UNICEF (current US$)

DT.NFL.UNID.CD Net official flows from UN agencies, UNIDIR (current US$)

DT.NFL.UNIDO.CD Net official flows from UN agencies, UNIDO (current US$)

DT.NFL.UNPB.CD Net official flows from UN agencies, UNPBF (current US$)

DT.NFL.UNRW.CD Net official flows from UN agencies, UNRWA (current US$)

DT.NFL.UNTA.CD Net official flows from UN agencies, UNTA (current US$)

DT.NFL.UNWN.CD Net official flows from UN agencies, UNWOMEN (current US$)

DT.NFL.UNWT.CD Net official flows from UN agencies, UNWTO (current US$)

DT.NFL.WFPG.CD Net official flows from UN agencies, WFP (current US$)

DT.NFL.WHOL.CD Net official flows from UN agencies, WHO (current US$)

DT.NFL.WITC.CD Net official flows from UN agencies, WTO-ITC (current US$)
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Indicator Code Indicator Name

BN.GSR.FCTY.CD Net primary income (BoP, current US$)

NY.GSR.NFCY.KN Net primary income (Net income from abroad) (constant LCU)

NY.GSR.NFCY.CN Net primary income (Net income from abroad) (current LCU)

NY.GSR.NFCY.CD Net primary income (Net income from abroad) (current US$)

BN.TRF.CURR.CD Net secondary income (BoP, current US$)

NY.TRF.NCTR.KN Net secondary income (Net current transfers from abroad) (constant LCU)

NY.TRF.NCTR.CN Net secondary income (Net current transfers from abroad) (current LCU)

NY.TRF.NCTR.CD Net secondary income (Net current transfers from abroad) (current US$)

BN.GSR.MRCH.CD Net trade in goods (BoP, current US$)

BN.GSR.GNFS.CD Net trade in goods and services (BoP, current US$)

IC.BUS.NDNS.ZS New business density (new registrations per 1,000 people ages 15-64)

IC.BUS.NREG New businesses registered (number)

PA.NUS.FCRF Official exchange rate (LCU per US$, period average)

TX.VAL.MMTL.ZS.UN Ores and metals exports (% of merchandise exports)

TM.VAL.MMTL.ZS.UN Ores and metals imports (% of merchandise imports)

GC.XPN.OTHR.ZS Other expense (% of expense)

GC.XPN.OTHR.CN Other expense (current LCU)

NV.MNF.OTHR.ZS.UN Other manufacturing (% of value added in manufacturing)

SH.XPD.OOPC.PC.CD Out-of-pocket expenditure per capita (current US$)

SH.XPD.OOPC.PP.CD Out-of-pocket expenditure per capita, PPP (current international $)

DT.NFL.PNGB.CD PNG, bonds (NFL, current US$)

DT.NFL.PNGC.CD PNG, commercial banks and other creditors (NFL, current US$)

DT.DOD.MIBR.CD PPG, IBRD (DOD, current US$)

DT.DOD.MIDA.CD PPG, IDA (DOD, current US$)

DT.NFL.PBND.CD PPG, bonds (NFL, current US$)

DT.NFL.PCBK.CD PPG, commercial banks (NFL, current US$)

DT.NFL.OFFT.CD PPG, official creditors (NFL, US$)

DT.NFL.PROP.CD PPG, other private creditors (NFL, current US$)

DT.NFL.PRVT.CD PPG, private creditors (NFL, US$)

PA.NUS.PPP PPP conversion factor, GDP (LCU per international $)

PA.NUS.PRVT.PP PPP conversion factor, private consumption (LCU per international $)

IP.PAT.NRES Patent applications, nonresidents

IP.PAT.RESD Patent applications, residents

IQ.SCI.PRDC Periodicity and timeliness assessment of statistical capacity (scale 0 - 100)

BM.TRF.PWKR.CD.DT Personal remittances, paid (current US$)

BX.TRF.PWKR.DT.GD.ZS Personal remittances, received (% of GDP)

BX.TRF.PWKR.CD.DT Personal remittances, received (current US$)

BX.TRF.PWKR.CD Personal transfers, receipts (BoP, current US$)
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Indicator Code Indicator Name

BX.PEF.TOTL.CD.WD Portfolio equity, net inflows (BoP, current US$)

DT.NFL.BOND.CD Portfolio investment, bonds (PPG + PNG) (NFL, current US$)

BN.KLT.PTXL.CD Portfolio investment, net (BoP, current US$)

DT.DOD.PVLX.GN.ZS Present value of external debt (% of GNI)

DT.DOD.PVLX.EX.ZS
Present value of external debt (% of exports of goods, services and primary 
income)

DT.DOD.PVLX.CD Present value of external debt (current US$)

PA.NUS.PPPC.RF Price level ratio of PPP conversion factor (GDP) to market exchange rate

BM.GSR.FCTY.CD Primary income payments (BoP, current US$)

BX.GSR.FCTY.CD Primary income receipts (BoP, current US$)

IC.CRD.PRVT.ZS Private credit bureau coverage (% of adults)

IC.WRH.PROC Procedures to build a warehouse (number)

IC.PRP.PROC Procedures to register property (number)

DT.TDS.DPPG.GN.ZS Public and publicly guaranteed debt service (% of GNI)

DT.TDS.DPPG.XP.ZS
Public and publicly guaranteed debt service (% of exports of goods, 
services and primary income)

IE.PPN.ICTI.CD Public private partnerships investment in ICT (current US$)

IE.PPN.TRAN.CD Public private partnerships investment in transport (current US$)

EP.PMP.DESL.CD Pump price for diesel fuel (US$ per liter)

EP.PMP.SGAS.CD Pump price for gasoline (US$ per liter)

IS.RRS.TOTL.KM Rail lines (total route-km)

IS.RRS.GOOD.MT.K6 Railways, goods transported (million ton-km)

IS.RRS.PASG.KM Railways, passengers carried (million passenger-km)

PX.REX.REER Real effective exchange rate index (2010 = 100)

FR.INR.RINR Real interest rate (%)

BN.RES.INCL.CD Reserves and related items (BoP, current US$)

GC.REV.XGRT.GD.ZS Revenue, excluding grants (% of GDP)

GC.REV.XGRT.CN Revenue, excluding grants (current LCU)

FR.INR.RISK Risk premium on lending (lending rate minus treasury bill rate, %)

CM.MKT.INDX.ZG S&P Global Equity Indices (annual % change)

BX.GSR.NFSV.CD Service exports (BoP, current US$)

BM.GSR.NFSV.CD Service imports (BoP, current US$)

NV.SRV.TOTL.ZS Services, value added (% of GDP)

NV.SRV.TOTL.KD.ZG Services, value added (annual % growth)

NV.SRV.TOTL.KD Services, value added (constant 2015 US$)

NV.SRV.TOTL.KN Services, value added (constant LCU)

NV.SRV.TOTL.CN Services, value added (current LCU)

NV.SRV.TOTL.CD Services, value added (current US$)

NV.SRV.EMPL.KD Services, value added per worker (constant 2015 US$)
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Indicator Code Indicator Name

TM.TAX.MRCH.IP.ZS Share of tariff lines with international peaks, all products (%)

TM.TAX.MANF.IP.ZS Share of tariff lines with international peaks, manufactured products (%)

TM.TAX.TCOM.IP.ZS Share of tariff lines with international peaks, primary products (%)

TM.TAX.MRCH.SR.ZS Share of tariff lines with specific rates, all products (%)

TM.TAX.MANF.SR.ZS Share of tariff lines with specific rates, manufactured products (%)

TM.TAX.TCOM.SR.ZS Share of tariff lines with specific rates, primary products (%)

DT.DOD.DSTC.XP.ZS Short-term debt (% of exports of goods, services and primary income)

DT.DOD.DSTC.ZS Short-term debt (% of total external debt)

DT.DOD.DSTC.IR.ZS Short-term debt (% of total reserves)

IQ.SCI.SRCE Source data assessment of statistical capacity (scale 0 - 100)

IC.REG.PROC Start-up procedures to register a business (number)

IC.REG.PROC.FE Start-up procedures to register a business, female (number)

IC.REG.PROC.MA Start-up procedures to register a business, male (number)

IQ.SCI.OVRL Statistical Capacity Score (Overall Average) (scale 0 - 100)

IQ.SPI.OVRL Statistical performance indicators (SPI): Overall score (scale 0-100)

IQ.SPI.PIL1
Statistical performance indicators (SPI): Pillar 1 data use score 
(scale 0-100)

IQ.SPI.PIL2
Statistical performance indicators (SPI): Pillar 2 data services score 
(scale 0-100)

IQ.SPI.PIL3
Statistical performance indicators (SPI): Pillar 3 data products score
(scale 0-100)

IQ.SPI.PIL4
Statistical performance indicators (SPI): Pillar 4 data sources score
(scale 0-100)

IQ.SPI.PIL5
Statistical performance indicators (SPI): Pillar 5 data infrastructure score 
(scale 0-100)

CM.MKT.TRAD.GD.ZS Stocks traded, total value (% of GDP)

CM.MKT.TRAD.CD Stocks traded, total value (current US$)

CM.MKT.TRNR Stocks traded, turnover ratio of domestic shares (%)

GC.XPN.TRFT.ZS Subsidies and other transfers (% of expense)

GC.XPN.TRFT.CN Subsidies and other transfers (current LCU)

AG.SRF.TOTL.K2 Surface area (sq. km)

BX.GRT.TECH.CD.WD Technical cooperation grants (BoP, current US$)

NY.TTF.GNFS.KN Terms of trade adjustment (constant LCU)

NV.MNF.TXTL.ZS.UN Textiles and clothing (% of value added in manufacturing)

IC.WRH.DURS Time required to build a warehouse (days)

IC.LGL.DURS Time required to enforce a contract (days)

IC.ELC.TIME Time required to get electricity (days)

IC.FRM.DURS Time required to obtain an operating license (days)

IC.PRP.DURS Time required to register property (days)

IC.REG.DURS Time required to start a business (days)
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Indicator Code Indicator Name

IC.REG.DURS.FE Time required to start a business, female (days)

IC.REG.DURS.MA Time required to start a business, male (days)

IC.EXP.TMBC Time to export, border compliance (hours)

IC.EXP.TMDC Time to export, documentary compliance (hours)

IC.IMP.TMBC Time to import, border compliance (hours)

IC.IMP.TMDC Time to import, documentary compliance (hours)

IC.ELC.DURS Time to obtain an electrical connection (days)

IC.ISV.DURS Time to resolve insolvency (years)

DT.TDS.DECT.GN.ZS Total debt service (% of GNI)

DT.TDS.DECT.EX.ZS Total debt service (% of exports of goods, services and primary income)

FI.RES.TOTL.DT.ZS Total reserves (% of total external debt)

FI.RES.TOTL.CD Total reserves (includes gold, current US$)

FI.RES.TOTL.MO Total reserves in months of imports

FI.RES.XGLD.CD Total reserves minus gold (current US$)

NE.TRD.GNFS.ZS Trade (% of GDP)

BG.GSR.NFSV.GD.ZS Trade in services (% of GDP)

IP.TMK.NRCT Trademark applications, nonresident, by count

IP.TMK.RSCT Trademark applications, resident, by count

TX.VAL.TRAN.ZS.WT Transport services (% of commercial service exports)

TM.VAL.TRAN.ZS.WT Transport services (% of commercial service imports)

BX.GSR.TRAN.ZS Transport services (% of service exports, BoP)

BM.GSR.TRAN.ZS Transport services (% of service imports, BoP)

TX.VAL.TRVL.ZS.WT Travel services (% of commercial service exports)

TM.VAL.TRVL.ZS.WT Travel services (% of commercial service imports)

BX.GSR.TRVL.ZS Travel services (% of service exports, BoP)

BM.GSR.TRVL.ZS Travel services (% of service imports, BoP)

DT.DOD.DIMF.CD Use of IMF credit (DOD, current US$)

FP.WPI.TOTL Wholesale price index (2010 = 100)
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국문요약

본 연구는 아시아태평양경제협력체(APEC) 회원국을 대상으로 환경(Environment), 

사회(Social), 지배구조(Governance, 이하 ESG) 요인과 전통적 경제 변수가 출산

율 변화에 미치는 영향을 실증적으로 분석하였다. 최근 전 세계적으로 출산율 하락

이 가속화되고 있으며, 특히 한국·일본·싱가포르 등은 초저출산 단계에 진입한 반면, 

인도네시아·베트남 등 신흥국도 장기적으로 출산율의 빠른 하락이 예상되고 있다. 

이러한 이질성을 지닌 APEC 지역은 저출산 현상을 비교·분석하기에 적합한 사례군

이라 할 수 있다.

연구는 1996~2021년 세계은행 World Development Indicators(WDI) 자료를 

활용하여 1,400개 이상의 지표를 구축하였다. 종속변수는 조출생률(Crude Birth 

Rate, CBR)의 연간 변화율이며, 설명변수로는 ESG 지표와 경제 변수를 포함하였

다. 분석 방법으로는 머신러닝 알고리즘(선형회귀, Random Forest, LightGBM, 

XGBoost, LSTM)을 적용하였으며, 비(非) APEC 국가 자료로 모형을 학습한 뒤 

APEC 국가를 별도의 검증 집단으로 활용하여 외부 타당성을 확보하였다.

예측 성능 비교 결과, Random Forest 모형이 가장 낮은 예측오차(RMSE 0.397)

를 기록했으며, ESG와 경제변수를 결합한 모형이 경제변수만을 사용한 모형보다 더 

높은 설명력을 보였다(RMSE 0.271 vs. 0.298). 이는 출산율 변화가 전통적 경제 요

인뿐 아니라 환경, 사회, 제도적 요인의 복합적 영향하에 있다는 점을 시사한다.

SHAP(Shapley Additive Explanations) 분석 결과, APEC 지역에서는 환경 요

인이 가장 중요한 예측 요인으로 나타났고, 그 다음으로는 지배구조, 마지막으로 사

회 요인이 뒤따랐다. 다만 사회 요인의 중요성은 시간의 흐름에 따라 점차 증가하는 

추세를 보였다. 시차 효과 분석에서는 사회와 거버넌스 요인은 단기적(1년 이내) 영

향이 두드러졌으며, 환경 요인은 중기적(약 4년 시차) 누적 효과가 관찰되었다. 국가

별 분석에서는 중국과 러시아는 환경 요인의 영향력이 크고, 한국과 미국은 지배구

조 요인의 중요성이 두드러졌으며, 일본과 캐나다는 사회 요인의 영향이 상대적으로 

높게 나타났다. 이는 APEC 회원국 간의 이질성을 잘 보여준다.

본 연구의 학문적 기여는 다음과 같이 세 가지로 요약될 수 있다. 첫째, 기존 연구

의 소득·고용·보육정책 등 전통적 요인에 국한된 분석을 넘어서, ESG 차원을 포함한 



국문요약 87

종합적 분석 틀을 제시하였다. 둘째, 글로벌-지역 연계 설계(비 APEC 학습, APEC 

검증)를 통해 모형의 외부 타당성을 확보하였다. 셋째, 복잡한 머신러닝 모형에 대해 

SHAP 분석을 적용하여 해석 가능하게 만들어 정책적 활용 가능성을 높였다.

다만 본 연구의 한계도 분명하다. 본고는 예측모형에 기반한 연관(associational) 

분석이므로, 변수 간 인과적 효과를 직접적으로 규명하지는 않는다. 또한 국가 단위 

지표의 측정오차, 문화적·제도적 맥락의 차이, 변수 간 다중상관성 등으로 인해 결과 

해석에는 신중함이 필요하다.

정책적 함의 또한 보수적으로 접근할 필요가 있다. 본 연구 결과는 특정 정책 처방

을 직접적으로 제시하기보다는 환경·사회·지배구조 요인이 출산율 변화를 이해하는 

데 중요한 분석 축이 될 수 있음을 보여준다. 즉 ESG 지표와 출산율 간의 연계성을 

발견함으로써 정책 설계에서 고려할 새로운 차원을 제시하였다는 데 의의가 있다. 

향후에는 보다 정밀한 자료와 인과식별 기법을 활용하여, ESG 요인이 실제로 출산

행태에 미치는 효과를 검증하는 후속 연구가 필요하다.

핵심용어: 출산율, APEC, ESG, 머신러닝, SHAP, 환경, 지배구조, 사회정책
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