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Abstract

We aim to identify how relative importance of potential drivers of national suicide rates
has changed over time. We apply statistical model averaging techniques to a dataset that
covers 25 potential suicide determinants for 172 countries over 20 years. Our application
of Weighted Average Least Squares (WALS) approach indicates that some inferences are
unstable across time. Suicide determinants related to religious affiliations tend to become
less important in recent years. The opposite is true for non-educational measures of
human capital, such as life expectancy at age 65, and labor market variables, such as
unemployment. Our analysis sheds some light on the differential effects of potential suicide
determinants on male and female suicidality and their evolution over time.
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1 Introduction

Since the turn of the 21st century, global patterns of suicide mortality have markedly changed.
Suicide rates have lowered in Europe and Africa but increased in Americas (World Health
Organization, 2021).In 2000, the highest suicide rates were observed in Russia, Botswana and
Lithuania. In 2019, the highest suicide prevalence is recorded in Lesotho, Guyana and
Eswatini. A possible reason underlying these patterns is that key determinants of
determinants of national suicide rates have changed over 20 years from 2000 to 2019. This
paper examines this possibility using a model averaging technique.

We examine variation in importance over time of 25 potential drivers of age-standardised
suicide rates that have been identified in the literature (Chen et al., 2012). To do so, we compile
a dataset of potential suicide determinants for 172 countries over 20 years and use statistical
model averaging techniques to determine their relative importance in each period. We rely on
model averaging as an alternative to model selection that combines inferences from multiple
models and incorporates model uncertainty. Our analysis sheds some light on the differential
effects of potential suicide determinants on male and female rates and their evolution over
time.

We consider the variables that were empirically linked with suicidality in the literature.
They fall into five broad categories. The first group includes geographic and climate factors
such as absolute latitude (An et al.,, 2023) or precipitation (Fountoulakis et al., 2016). The
second category contains six macroeconomic and labor market variables such as GDP per
capita (Meda et al., 2022), unemployment (Botha and Nguyen, 2022), or female labor force
participation (Jalles and Andresen, 2015). The third category includes life expectancy at birth
(Wu and Bond, 2006), life expectancy at age 65 (Breuer, 2015), and mean years of schooling
(Salman etal., 2017). These variables proxy for what economic theory often refers to as human
capital (Hamermesh and Soss, 1974; Koo and Cox, 2008). We also consider 7 demographic
factors that range from population density (Oka et al., 2015) to population growth (Mobley
and Taasoobshirazi, 2022]) to fertility (Okada and Samreth, 2013). Our final category contains
sociocultural factors such as religious affiliations (Wu et al., 2022), internet usage (Lari and
Emamgholipour, 2023), or alcohol consumption (Ilgun et al., 2020).

Empirical studies that explore the factors influencing suicide mortality have to address the
problem of model uncertainty. Estimation results are often not robust to small changes in
statistical model specification. For example, most of the 26 factors listed in Chen et al. (2012)
show positive, negative or null association with suicide rates, depending on specification.
Theories from various fields of social and health sciences support the choice of specific
explanatory variables. However, they offer little guidance on how to specify the model or how
to measure qualitative variables. For example, economic theories of suicide predict that the
level of human capital is inversely related to suicide mortality (Hamermesh and Soss, 1974;
Koo and Cox, 2008). Should human capital be proxied by years of schooling or life expectancy,

tertiary enrolment or adult literacy rates? Durkheim’s sociology classic suggests that



economic booms are associated with moral decay which leads to more suicides. But how to
measure booms? Should one use changes in unemployment rates, or deviations of per capita
GDP from some long-term trend?

There are two general approaches to address model uncertainty: model selection and
model averaging. The former is concerned with selecting a single “correct model” out of the
available set of statistical models and is commonly used in suicide literature (Meda et al., 2022;
Wu et al,, 2022). Model selection is subject to sampling uncertainty which, if not addressed,
might overestimate accuracy (Kabaila and Mainzer, 2018). In this study we rely on model
averaging that incorporates the uncertainty arising from estimation and model selection
jointly. It collects pieces of information on the parameters of interest from each possible model
and incorporates them into an unconditional estimate. The latter is computed as a weighted
average of the conditional estimates across all possible models. Prominent overviews of model
averaging techniques can be found in Raftery (1995) and Hoeting et al. (1999), whereas more
recent advances and applications are reviewed in Moral-Benito (2015) and Steel (2020).

We use weighted-average least squares (WALS) approach to model averaging recently
developed in Magnus et al. (2010) and De Luca et al. (2018) and reviewed in Magnus and De
Luca (2016). The method delivers a Bayesian combination of frequentist estimators and has
several advantages over alternative model averaging techniques. It allows to rank the
importance of potential suicide determinants on the basis of their statistical robustness.
Hence, applying the model averaging technique to a cross-section of countries for each of 20
consecutive years reveals how importance of suicide determinants and their coefficients
evolved over time.

Model averaging has been widely used in a range of applications from vaccine effectiveness
studies (Oliveira et al., 2022) to health effects studies for particulate matter (Clyde, 2000).
Applications of model averaging to determine the drivers of complex socioeconomic
phenomena extend to economic growth (Brock and Durlauf, 2001), political polarisation
(Grechyna, 2016), foreign aid (Bayale, 2022). Weighted-average least squares (WALS)
approach to model averaging has been exploited in a range of applications from examining the
determinants of cross-country disparities in per capita income (Magnus et al., 2010; Osterloh,
2012) to evaluating the deterrent effect of capital punishment across US states (Moral-Benito,
2015). To the best of our knowledge, this study is the first attempt to apply WALS to the

determinants of suicide mortality and their evolution.

2 Data

We compile a dataset that covers the evolution of 28 variables over the period 2000-2019.
Observations are collected from public sources for 172 countries at annual frequency. Variable
definitions and the data sources are presented in Table A.1 of the Supplementary Appendix,
whereas Table A.2 reports the list of countries included in our dataset. Table 1 presents the

key summary statistics.



Table 1: Potential suicide determinants

Variable Definition Measure Mean SD Min Max Related Studies

Geo-climate factors

Precipitation Average annual precipitation in depth millimeters 1166.34  795.78 18.10 3240.00 Fountoulakis et al. (2016)

Average temperature Average temperature, annual average °C 19.38 8.15 -5.30 29.80 Neumayer (2003)

Max. monthly temp. Maximum of monthly averaged temperatures °C 25.36 5.28 8.30 39.10 Fountoulakis et al. (2016)

Absolute latitude Population weighted latitude, in absolute value degrees 25.95 16.92 0.26 64.41 An et al. (2023)

Macroeconomic factors

Unemployment Unemployment, total % of total labor force 8.00 6.20 0.10 37.25 Botha and Nguyen (2022)

GDP per capita GDP per capita, PPP (in constant 2017 international $) logs 9.22 1.19 6.45 11.71 Meda et al. (2022)

Inflation Inflation, consumer prices, annual % 31.52  1174.66 -72.73 65374.08 Lari and Emamgholipour (2023)

Employment in agriculture Employment in agriculture % of total employment 28.15 23.33 0.03 91.76 Milner et al. (2012)

GDP growth Annual percentage rate of change of GDP in constant prices % 3.89 5.21 -50.34  110.50 Bussu et al. (2013)

Female labor force Labor force participation rate, female % of female population age 15+ 51.32 15.69 6.09 87.81 Jalles and Andresen (2015)

participation

Human capital factors

Life expectancy at birth Life expectancy at birth years 69.74 9.04 41.96 84.43 Wu and Bond (2006)

Life expectancy at age 65  Life expectancy at age 65 years 15.38 2.64 10.34 22.30 Breuer (2015)

Schooling Mean years of schooling years 7.98 3.31 0.56 14.13 Salman et al. (2017)

Demographic factors

Urban population Urban population % of total population 56.11 22.83 8.25 100.00  Ilgun et al. (2020)

Population sex ratio Ratio of males to females in a country number of males per 100 females 101.27  19.65 8246  327.46  Wu and Bond (2006)

Population growth Annual percentage growth rate of population % 1.46 1.62 -11.99 21.26 Mobley and Taasoobshirazi (2022)

Population density Population density people per sq. km of land area 179.79  596.33 1.57  8589.17 Okaetal. (2015)

Fertility Fertility rate, total births per woman 2.96 1.53 0.91 7.73 Okada and Samreth (2013)

Age dependency ratio Ratio of dependents, ages <15 or >64, to the working-age number of dependents per 100 61.70 18.74 16.17  111.48 Matsubayashi and Ueda (2011)
population, ages 15-64 working-age population

International migration Int. migrant stock as a proportion of the total population % of total population 7.95 12.28 0.04 87.89 Jalles and Andresen (2015)

Socio-cultural factors

Alcohol consumption Alcohol consumption per capita, recorded, age 15+ litres of pure alcohol 4.87 3.93 0.00 17.87 Ilgun et al. (2020)

Internet usage Individuals who have used the Internet in the last 3 months % of total population 31.95 29.68 0.00 99.70 Lari and Emamgholipour (2023)

Islam Individuals who self-identify as being Muslim share of total population 0.26 0.36 0.00 1.00 Neumayer (2003)

Christianity Individuals who self-identify as being Christian share of total population 0.54 0.37 0.00 0.98 Wau et al. (2022)

Religiously unaffiliated Individuals who self-identify as having no religious affiliation  share of total population 0.07 0.11 0.00 0.76 Wau et al. (2022)

Note: The list of potential suicide determinants selected as regressors in our model averaging approach is split into five groups. Each variable is accompanied by references to selected recent studies that
used it as a factor for suicide death. Reported summary statistics include sample mean, standard deviation (SD), minimum (Min) and maximum (Max). All flow variables are measured in per annum terms.

The exact measures that we use and their sources are described in Table A.1 of the Supplementary Appendix.



2.1  Suicide mortality data

We consider age-standardized suicide rates at the national level reported by World Health

Organization (2021). We examine total suicide mortality as well as disaggregated by sex.

2.2 Potential suicide determinants

Table 1 enumerates 25 potential suicide determinants we selected from the literature as
regressors in our model averaging approach. Our choice of regressors is partially governed by
their prominence in the literature and partially by data availability. Each explanatory variable
is accompanied by a reference to a recent study that examined it as a suicide factor. Table 1
lists 4 geo-climate, 6 macroeconomic, 3 human capital, 7 demographic, and 5 socio-cultural
variables. Comparable data on five variables, namely population weighted absolute latitude,
religious affiliations and international migrant stock, are available only at 5-year intervals. In
such cases we rely on linear interpolation to deal with missing annual observations. Our
dataset and additional details on its construction are available from the author upon request.

As emphasized by Lepori et al. (2024), suicide is a result of an interplay between ‘seed’
factors (e.g., mental illness), ‘soil’ factors (e.g., divorce and other major life events), and
‘climate’ factors (e.g., socioeconomic or geo-climatic conditions). Our analysis focuses on the
‘climate’ factors that are robustly associated with cross-country variation in suicide mortality,
rather than on factors that directly increase individual suicide risk. However, this restriction
raises several concerns. First, it might be hard to distinguish between ‘climate’, ‘soil’, and ‘seed’
factors. Second, we do not consider several potentially important factors due to data
availability and an increasing number of covariates in a fixed sample of countries. Finally, our
estimates are susceptible to potential cross-level bias as they rely on data aggregated at the
national level. For example, per capita alcohol consumption, identified as a factor associated
with suicide mortality, may vary significantly across different groups within countries. Studies

that rely on more granular data are in a better position to mitigate this potential issue.

3 Method

Model averaging techniques are often used where the large number of potential determinants
is confronted with the limited number of observations. This approach suits to the empirical
research on suicide mortality where only 183 observations are available at the national level,
whereas literature proposed numerous factors affecting it. In the present study, we employ
weighted-average least squares (WALS) to account for model uncertainty in the context of a

Gaussian linear model.



Model-averaging methods generally fall into one of two categories: Bayesian (BMA) and
frequentist (FMA). In contrast, WALS is a Bayesian combination of frequentist estimators that
occupies an intermediate position between BMA and FMA (Magnus et al., 2010). While the
parameters of each model are estimated by constrained least squares under a frequentist
perspective, the weighting scheme is based on a Bayesian perspective.

WALS has both theoretical and practical advantages over standard BMA and FMA
estimators. Unlike BMA, the choice of prior in WALS is not ad hoc but theoretically based. In
contrast to several BMA estimators that rely on normal priors leading to unbounded risk,
WALS assumes priors based on considerations related to bounded risk in terms of MSE,
admissibility, robustness, near-optimality in terms of minimax regret, and proper treatment
of ignorance (see, e.g., Magnus et al. (2010), and Magnus and De Luca (2016)). Furthermore,
compared to competing model-averaging estimators, WALS has been shown to have good
performance in small-samples. For instance, based on a series of Monte-Carlo studies, De Luca
et al. (2023) demonstrate that compared to nine alternative estimators, the coverage errors
for WALS are small while confidence intervals are short.

In this study, we rely on three types of neutral priors with bounded risk, which belong to
the class of reflected generalized gamma distributions. Our baseline results rely on WALS
implementation using Laplace priors, which has the advantage of leading to reduced risk
(Magnus et al., 2010). Robustness checks in Section 4.5 rely on Subbotin and Weibull priors
advocated by Magnus and De Luca (2016) due to their robustness property.

The WALS approach also provides a practical advantage over both BMA and FMA. In the
presence of N regressors, model-averaging estimators have 2N possible models to consider. To
reduce this computational burden, BMA estimators tend to rely on approximation methods
such as MCMC to explore sub-regions of the model space. Due to its preliminary
semiorthogonal transformation of the regressors, WALS reduces its computational burden to
the order N and provides exact model-average estimates in little time. This is important for
the presents study, as we consider a large number (N=25) of potential suicide determinants.

Compared to BMA and FMA, WALS has certain limitations. Some of them stem from the
‘hybrid’ nature of the method, semiorthogonal transformation of regressors, and the fact that
it assumes priors on the t-ratios rather than the model space. Unlike BMA, WALS (and FMA)
delivers neither readily interpretable posterior inclusion probabilities for the explanatory
variables nor model probabilities. The latter precludes using WALS for model selection (Steel,
2020). WALS cannot not address potential dependence between explanatory variables in the
posterior distribution, also known as jointness. The measures of jointness proposed in the
literature depend on the posterior inclusion probabilities of the regressors, whereas WALS
and FMA cannot provide them (Magnus and De Luca, 2016). In contract to FMA, both WALS
and BMA estimates depend on prior assumptions. Even though the choice of priors in WALS
is theoretically based, potential sensitivity of the results to the prior assumptions could be

considered a limitation of both approaches.



Following the argument of Magnus et al. (2010), we report unconditional estimates and
standard errors rather than conditional on inclusion. A regressor is considered to be robustly
correlated with a suicide rate if t-ratio on its coefficient exceeds one in absolute value (Luca
and Magnus, 2011). This robustness criterion approximately corresponds to posterior
inclusion probability (PIP) being above 0.5 in classical BMA (Masanjala and Papageorgiou,
2008; Raftery, 1995).

4 Results

4.1 Importance of suicide determinants in 2000 and 2019

In Figure 1, we start by examining how the measures of robustness for each potential
determinant changed between 2000 and 2019. The factors are ranked according to their
importance for total suicide rates in 2000 as measured by WALS |t|- statistics.

The five most important suicide factors in 2000 were life expectancy at birth, affiliations
with Islam and Christianity, fraction of population living in urban areas, and extent of
international migration. Only three of these factors, life expectancy at birth, affiliation with
I[slam, and urban population remain robustly correlated with suicide rates in 2019. Several
factors that showed no evidence of robustness in 2000 have substantially gained importance.
These are life expectancy at age 65, unemployment rate, and internet usage.

Figure 2 extends the analysis by comparing the robustness of determinants of male and
female suicide rates in 2000 and 2019. In addition to ranking the robust factor by their WALS
|t]- statistics, it reports posterior mean coefficients.

Some major changes among the set of robust factors are worth noting. Affiliation with
Islam has diminished its relative importance for both suicide rates while still remaining
statistically robust. On the other hand, affiliation with Christianity has lost its importance as
protective factor to the point of losing its statistical robustness for male but not female suicide
mortality.

Some of the most important factors in 2000 are no longer among those in 2019. For
instance, international migration and female labor force participation were among the three
most important factors for male and female rates respectively in year 2000. Neither variable
shows any evidence of robustness for the corresponding mortality measure in year 2019.

Internet usage remains a robust factor for male suicidality both in 2000 and 2019, but the
sign of its mean coefficient has changed. While internet usage was a protective factor in 2000,
it has become a risk factor in 2019.

We also observe some stability in inferences. First, the most robust determinant, life
expectancy at birth, remains the same for both years and each level of disaggregation. Second,
we observe no change in signs of the coefficient for all robust regressors. With a notable

exception of internet usage, factors that were negatively correlated with suicide rates in 2000



remain to be protective in 2019. The next session will discuss the pattern of dynamics over

entire 20 years in details.

4.2 How importance of suicide determinants evolved over 20 years

We examine the evolution of the key WALS statistics for 25 suicide factors over the 20 years
period. The starkest results are reported in Figures 3-9, whereas complete results for male,
female and total suicide mortality are reported in the Supplementary Appendix. In this section,
we briefly summarize the observed dynamics and later discuss the most important

determinants in wider context in Section 4.3.

Figure 1: Robust determinants of suicide in 2000 and 2019.
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corresponds to a higher statistical importance of the potential suicide determinant. The vertical line at WALS |t| =
1 represents a significance threshold that allows consider a regressor to be robustly correlated with suicide rates
(De Luca and Magnus, 2011).



Figure 2: Robust determinants of male and female suicide rates in 2000 and 2019.
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determinants are ranked according to WALS t-statistics in absolute value, ||, as a robustness measure of the

regressor. A higher value of |t| corresponds to a higher statistical robustness of the potential suicide

determinant. Out of 25 variables described in Table 1, this figure presents only those that cross the minimal

robustness threshold, |[t|] > 1. WALS unconditional (posterior) mean coefficients associated with each

regressor are shown in parenthesis.

Life expectancy at birth remains the most important factor throughout the entire period

(see Figure 3). It is negatively associated with all three measures of suicide mortality. Other
protective factors that remain robust throughout the 20 years include fraction of urban
population, employment in agriculture (for male and total mortality), affiliation with Islam or
Christianity (female mortality). Life expectancy at age 65, which is positively correlated with
all three suicide rates, remains robust throughout nearly all 20 years, steadily gaining
importance in terms of WALS |t|-statistic.
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WALS posterior mean coefficient and one-standard-deviation confidence.

A subset of variables robust during early 2000s has been losing their importance to the
point of crossing significance threshold. Protective factors include average annual
temperature and female labor force participation (female rates). Factors associated with
higher suicide rates that gradually lost their importance include population density (female
rates), international migration (male and total rates), and internet usage (female rate).

A few variables exhibit the opposite tendency in term of their importance. While showing
no evidence of robustness during the initial years, WALS |¢t|-statistics for several variables
exhibited upwards trends eventually crossing the significance barrier. These factors are
absolute latitude, unemployment rate, and years of schooling (female rate). All of them are
positively associated with suicide mortality.

The remaining variables show little or no evidence of statistical robustness for nearly all
years considered.

4.3 Evolution of key determinants as theoretical proxies

Variables that we adopt from the literature aim to proxy for more abstract constructs that
underpin causal theories of suicide. For example, international migration and fertility might
proxy for social isolation (Chen et al., 2012; Neumayer, 2003), life expectancy proxies for
human capital accumulation (Koo and Cox, 2008), whereas latitude proxies for sunlight
exposure and its seasonal variability (Helliwell, 2007). This section discusses evolution our

variables within these broader theoretical constructs.
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4.3.1 Human capital variables

We examine importance of three human capital variables potentially associated with
suicidality. Mean years of schooling proxies for an educational dimension of human capital, life
expectancy at birth and life expectancy at age 65 represent its non-educational dimensions.
The two former measures form part of Human Development Index (HDI), which has also been
used as a covariate in suicide regressions (Wu et al., 2022).

As shown in Figure 3, life expectancy at birth is the most important suicide determinant
throughout the period 2000-2019. It is negatively associated with suicide mortality, which is
consistent with an "economic theory of suicide” proposed by Hamermesh and Soss (1974) and
extended by Koo and Cox (2008).

Life expectancy at age 65 has gained its importance to the point of becoming the second
most robust factor for both male (MLE) and female (FMLE) age-standardized suicide rates.

It is the most robust factor that is positively associated with suicide mortality (see Figure 4).

Figure 4: Increasing importance of life expectancy at age 65
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dashed line at WALS |t| = 1 represents the minimal robustness threshold. Lower panel reports the WALS posterior
mean coefficient and one-standard-deviation confidence band associated with the regressor. Failure of the

confidence band to cross zero represents evidence in favor of the regressor.

According to economic theory of suicide, education should be negatively associated with
suicidality because its level is an important predictor of future income and therefore lifetime
utility (Hamermesh and Soss, 1974; Koo and Cox, 2008). On the other hand, higher education
could be associated with higher suicidality as it may expose individuals to increasing
competition with their peers, leading to frustration and stress (Chen et al., 2012). The
empirical evidence seems to be mixed and "appears to depend much on what other factors are
included” (Helliwell, 2007, p.461). Using model averaging to address this point, we found no
robust association between mean years of schooling and most measures of suicidality over 20

11



years. An exception is female suicide rate which is robustly positively correlated with
education during 2012-18.

4.3.2 Labor market and macroeconomic variables

Figure 5 demonstrates that the role of unemployment rate as suicide determinant has
increased during 2000-19. While it showed no evidence of robustness during the first 6 years
of the 21st century (WALS |t| < 1), it has become a robust determinant of both male and female
suicide rates in the later years. Since 2013, its mean coefficient and WALS |t|-statistic has been
increasing, indicating both higher effect of unemployment on suicide rates and higher extent
of its robustness. Unemployment rate is positively correlated with suicide mortality in line
with multiple recent studies (Botha and Nguyen, 2022; Meda et al., 2022; Breuer, 2015).

The fraction of population employed in agriculture has been a highly robust determinant
for male and total rates throughout 20 years. Its mean coefficient remained negative implying
that a higher agricultural employment is associated with lower male and total suicide rates.
These conclusions do not extend to female rates, especially in the second decade of the century.
While some evidence of robustness was still present prior to 2010, WALS |¢|-statistic fall
below its significance threshold for later years.

Several studies show positive association of female labor force participation with both
male and female suicide rates (Chen et al., 2017; Milner et al,, 2012; Burr et al., 1997). This
association has been argued to be a result of weakening family ties and Durkheim’s notion of
”social regulation” (Milner et al.,, 2012). On the other hand, female labor participation may be
protective against the effects of male job loss (Phillips and Nugent, 2014). In line with Burr et
al. (1997) who examined this link in the US context, our approach extends a dynamic
perspective to the global setting. Our estimation suggests null association between female
labor force participation and male suicide mortality. We observe its robust negative
association with female rate for 2000-2006 and 2010. A downwards trending behaviour of
WALS |t|-statistic indicated that the protective effect of female labor force participation has
been diminishing over time.

We find many of the potential macroeconomic determinants, such as GDP per capita, GDP
growth rate, or inflation, are not among the robust and important regressors for most of 20
years considered. This conclusion applied to all measures of suicide mortality that we

considered.

4.3.3 Religious variables

To capture the potential effect of religions on suicide we consider three variables: fraction of
population affiliated with two major religions (Islam and Christianity) and fraction of
population without religious affiliation (including agnostics and atheists). Most representative
results from WALS estimation are presented in Figure 6 while complete results are reported

in Figures A.12-A.13 of the Supplementary Appendix.
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Figure 5: Evolving importance of labor market factors
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For
each level of disaggregation, upper panel reports WALS |t|-statistic as a robustness measure of the regressor. A
higher value of WALS |t| corresponds to a higher robustness of the potential suicide determinant, whereas the
dashed line at one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean
coefficient and one-standard-deviation confidence band associated with the regressor. Failure of the confidence

band to cross zero represents evidence in favor of the regressor.
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Figure 6: Evolving importance of religious factors
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For
each level of disaggregation, upper panel reports WALS |t|-statistic as a robustness measure of the regressor. A
higher value of WALS |t| corresponds to a higher robustness of the potential suicide determinant, whereas the
dashed line at one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean
coefficient and one-standard-deviation confidence band associated with the regressor. Failure of the confidence

band to cross zero represents evidence in favor of the regressor.

The estimations results can be summarised as follows. First, affiliation with Islam or

Christianity is negatively correlated with male, female and total suicide rate. Second, religious
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affiliations are more robust determinant of female than male suicide rates. Thirds, the effects
of religious affiliation and degrees of robustness have diminished over the period 2000-2019.
Forth, affiliation with Islam remains a robust determinant throughout 2000-2019. Finally, lack
of religious affiliations is not a robust factor of suicide mortality.

Affiliation with Islam remains a robust determinant of suicide for the entire period 2000-
2019. It negatively correlates with suicide rates at each level of disaggregation. This is
consistent with the notion that Islam takes a strict view against suicide (see e.g. Shoib et al,,
2022). However, its measure of robustness, WALS |t|-statistic, and its protective effect have
diminished over the 20 years, especially for female suicide rates.

Posterior mean coefficients for Christianity are negative for all three measures of suicide
mortality. However, evidence of robustness is found for female but not male suicide rates. The
degree of robustness has also diminished over the 20 years for all three measures.

The fraction of population without religious affiliation shows no evidence of robustness
for every measure of suicide mortality considered. This result holds for every year between
2000 and 2019. Due to the sparsity of available data we were unable to include affiliation with
Hinduism as a potential determinant of suicide mortality. The literature suggests that
Hinduism is positively associated with suicide risk at the population level, possibly due to its
tolerant attitude towards suicides (Arya et al., 2018). However, our analysis was restricted to
religions that prohibit suicide, which precluded us from investigating the relationship
between religious tolerance towards suicide and observed suicide incidence at the national

level. This is a limitation of our study.

4.3.4 Environmental variables

Only two out of four geo-climate variables show some evidence of robustness. As shown in
Figure 7, average annual temperature is an important factor during the first decade of the
century but its WALS |t|-statistic exhibits a downward trend. The opposite conclusion applies
to the population weighted latitude in absolute value. Its WALS |t|-statistic exhibits an upward
trend crossing the significance threshold during the last five years considered. These effects
are more pronounced for male and total rather than female rates.

Whenever robust, higher average annual temperature is negatively associated with suicide
mortality, whereas higher absolute latitude is positively associated with it. Since proximity to
the equator tends to be associated with higher average annual temperature, both variables
might be imperfectly capturing the effects of unobserved factors such as exposure to sunlight
or its seasonal cyclicality.

Precipitation and maximum monthly temperature show no evidence of robustness for any

measure of suicide mortality that we considered.
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Figure 7: Evolving importance of environmental factors
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For
each level of disaggregation, upper panel reports WALS |t|-statistic as a robustness measure of the regressor. A
higher value of WALS |t| corresponds to a higher robustness of the potential suicide determinant, whereas the
dashed line at one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean
coefficient and one-standard-deviation confidence band associated with the regressor. Failure of the confidence

band to cross zero represents evidence in favor of the regressor.

4.3.5 Demographic variables

Our findings indicate that both urbanization and to a lesser extent international migration
contribute to shaping global suicide mortality patterns. Figure 8 shows that the fraction of
population living in urban areas is robustly negatively associated with suicide for the entire
20 year period. Its measure of robustness, WALS |t|-statistic, shows upward tendency for male
and total rates while maintaining stability for female rates.

These findings are at odds with early empirical research (Burr et al., 1994; Minoiu and
Andres, 2008), and Durkheim'’s hypothesis linking urbanisation with increased dissolution of
society ties leading to higher suicide prevalence. However, our results are in line with more

recent studies suggesting that urbanisation is a protective factor (Cai et al., 2022).
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Figure 8: Evolution of most
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Note: Fraction of urban population is the most robust demographic factor for male (MLE) and female (FMLE) age-
standardized suicide rates. The role of international migration in explaining the pattern of male suicidality has
diminished. It shows no robust correlation with female suicide rate. Upper panel reports WALS |t|-statistic as a
robustness measure of the regressor. A higher value of WALS |t| corresponds to a higher robustness of the potential
suicide determinant, whereas the dashed line at one represents the minimal robustness threshold. Lower panel
reports the WALS posterior mean coefficient and one-standard-deviation confidence band associated with the
regressor. Failure of the confidence band to cross zero represents evidence in favor of the regressor.

During 2000-2010, international migration was a robust determinant, positively
associated with male suicide mortality. This is consistent with the notion that migration
diminishes degree of social integration, which act as a protective mechanism. International
migration seems to matter less for male suicidality in the recent years and has no robust
association with female suicide rates at any of the 20 years considered.

Multiple studies suggested that demographic variables are associated with differences in
national suicide rates (Ilgun et al., 2020; Chen et al., 2012). Our model averaging approach
indicates that many of the commonly used demographic variables show little or no evidence
of robustness for years 2000-2019. These include, population growth rate, age dependence
ratio, population sex ratio, fertility and population density (see Figures A.4-A.6 of the

Supplementary Appendix).
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4.4 Are robust determinants of suicide the same for male and female rates?

While estimation results presented in 2 clearly indicate that ranking of robust determinant of
male and female suicide rates differ, some questions arise. Should these differences to be
attributed to sampling variation or do they point towards some tendencies? Do mean
coefficients (both values and signs) remain stable over time for the potential determinants of
male and female suicide mortality?

Our estimation results indicate that dynamics of the statistical robustness and the signs of
mean coefficients tend to coincide for most factors. However, there are several remarkable
differences. These are most apparent in case of the following factors: international migration,
employment in agriculture, female labor force participation, internet usage and affiliation with
Christianity.

Employment in agriculture is one of the most robust protective factors for male suicidality
for the both decades. However, it shows very weak, if any, evidence of robustness for female
suicide rates. During 2000-2010, international migration was a robust determinant, positively
associated with male suicide mortality (see Figure 8). This is consistent with the notion that
migration diminishes degree of social integration, which act as a protective mechanism (Chen
etal,, 2012; Neumayer, 2003). However, our estimation results show no evidence of statistical

robustness for female rates for the entire 20 years period.

Figure 9: Changing association of suicidality with internet usage
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Note: Internet usage has robust association with male (MLE) and female (FMLE) age-standardized suicide rates
during 2000-2007. The association is negative for males but positive for females. Upper panel reports WALS
|t|-statistic as a robustness measure of the regressor. A higher value of WALS |t| corresponds to a higher robustness
of the potential suicide determinant, whereas the dashed line at one represents the minimal robustness threshold.
Lower panel reports the WALS posterior mean coefficient and one-standard-deviation confidence band associated
with the regressor. Failure of the confidence band to cross zero represents evidence in favor of the regressor.

Internet usage is a statistically robust factor for both male and female suicide rates during
2000-2007 but it has the opposite effects on the two. Figure 9 shows a negative association of

internet usage with male suicide mortality but positive with female rates. We observe evidence
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of robustness once disaggregated by sex, but none at the national level except when the two
signs coincide as in 2018-19 (Figure A.11 of the Supplementary Appendix).

Several variables show robust association with female suicide mortality but null
association with male rates. Protective factors include affiliation with Christianity and female
labor force participation. While both factors tend to lose their importance over time, they are
robustly correlated with female suicidality for 18 and 7 years out of 20 years considered.
Population density is a robust determinant positively associated with female suicide rates for

most of the first decade of the century. Yet, it shows no evidence of robustness for male rates.

4.5 Robustness checks and limitations of this study

We examine the robustness of our results to the use of different priors in WALS estimation. As
noted by Steel (2020), it is a good practice to employ a range of priors and explore how
outcome differ across them. Furthermore, as shown by Hans et al. (2023), adjusting priors and
their parameters might help dealing with potential influential observations in the context of
Bayesian model averaging. Figure 10 compares our baseline WALS estimates under Laplace
prior, with alternatives that employ reflected Weibull and Subbotin prior distributions
advocated by Magnus and De Luca (2016). Parameters of all three prior distributions are fixed
to their minimax regret solutions under the neutrality condition as described in Magnus and
De Luca (2016). Our estimates differ little across the three selected priors. Figure 10 shows
that the ranking of suicide determinants based on WALS |[t|- statistic for year 2000 does not
depend on our choice of priors. The same applies for year 2019.

Our second robustness check concerns alternative estimates of real GDP. As shown by
Ciccone and Jarocinksi (2010), model-averaging estimates in cross-country growth
regressions could be sensitive to small changes in real GDP measures. To mitigate this concern,
we replicate our analysis using an alternative GDP measure. While our analysis relies on GDP
estimates from the World Bank’s World Development Indicators (WDI), the sensitivity
experiment employs Penn World Table (PWT) 10.1 estimates. WALS statistics summarized in
Figure A.15 of the Supplementary Appendix show little sensitivity to the use of an alternative
GDP measure.

Following Meda et al. (2022), we rely on per capita GDP rather than gross national income
(GNI) as a proxy for economic development. Unlike GDP, GNI takes into account net factor
income from abroad and is therefore used by the UNDP to construct the Human Development
Index (HDI). To examine the sensitivity of our estimates to this choice of income measure, we
re-estimate all the specifications using real GNI per capita. Table A.3 and Figure A.14 in the
Supplementary Appendix show that our results are robust to this change in the definition of

the variable that proxies for real income per person.
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Figure 10: WALS estimation results under alternative priors
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WALS |t| - statistic. The parameters of all three prior distributions are fixed to their minimax regret solutions under

the neutrality condition, as described in Magnus and De Luca (2016).
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Our final robustness check is concerned with alternative ways of measuring unemployment
prevalence. Literature suggests that being unemployed is associated with a higher suicide risk
(Chen et al., 2012). However, the suicide rates and unemployment rates that we use in our
estimation have different reference levels. While the former measures the number of suicides
in the total population, the latter reports the number of unemployed individuals relative to the
labor force. To address this potential concern, we re-estimate all specifications after replacing
the unemployment rate with the fraction of unemployed individuals in the total population.
Our results are not sensitive to this change in the measure of unemployment prevalence (see
Figure A.16 in the Supplementary Appendix for determinants of total suicide mortality in
2019).

Our analysis is subject to several limitations. First, we do not consider endogeneity problem
which is common to empirical studies on suicidality (see Lepori et al., (2024) and references
therein). In line with other model averaging studies, our analysis reports robust associations
between suicide mortality and its potential determinants. However, it does not control for
potential reverse causality. For instance, higher suicide prevalence in a country may lead to
higher alcohol consumption among its residents. Furthermore, higher suicide mortality may
lead to a deterioration of mental health in the community, with negative effects on
socioeconomic measures.

Our results rely on a number of homogeneity assumptions imposed on the parameters of
suicide determinants across countries and over time. These are related to i.i.d. disturbances in
WALS regressions, a common intercept in cross-sectional regressions, and variation in
measurement errors across countries and their evolution over time. First, there are several
considerations regarding the heterogeneity in the data quality used in the present study. Along
the cross-country dimension, the variation in measurement errors in suicide rates and their
potential determinants likely depends on both included variables (e.g., GDP per capita) and
omitted factors (e.g., legality of suicide, cultural norms). For example, suicide under-reporting
or misclassification is more likely in countries where it is illegal (Wu et al., 2022). The problem
of undercounting tends to be more severe for female suicides rather than male suicides, given
the disproportionate use of poisons and drugs by females in their suicides (Rockett et al.,
2020).

Second, our approach implicitly assumes that the quality of data remains constant over the
20-year period considered. However, it is more plausible that the data quality has improved
over time, thereby reducing the attenuation bias. While this might partially explain the
increasing importance of certain factors over time (e.g., life expectancy at age 65), it also
reinforces the results indicating the decreased importance of other determinants (e.g.,
religious affiliations).

Third, for each estimated cross-section, we assume a common intercept for all countries.
For instance, Bruns and loannidis (2020) demonstrate that using continent-specific intercepts
tends to improve the stability of inferences over time in BMA studies. To assess this cross-

country parameter homogeneity, we follow the growth empirics literature and re-estimate all
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specifications after including six dummy variables corresponding to the WHO regional
classification. While this approach decreases efficiency by increasing the parameter space, the
results remain qualitatively similar to the baseline case (see Figure A.17 of the Supplementary
Appendix).

Lastly, our choice of regressors is affected by the availability of comparable data. As a result,
we cannot incorporate certain potentially important factors, such as income inequality or
divorce prevalence, without significantly decreasing the sample size. Furthermore, in the
interest of restricting the parameter space, we do not consider the effects of nonlinearities,

interactions, or alternative lag structures.

5 Conclusion

Our application of model averaging approach indicates that some inferences are unstable
across time. Suicide determinants related to religious affiliation tend to become less important
in recent years. The opposite is true for non-educational measures of human capital, such as
life expectancy at age 65, and labor market variables, such as unemployment. On the other
hand, many inferences exhibit remarkable degree of stability. Life expectancy at birth remains
the most robust protective factor for the entire 20 year period. Many variables, such as age
dependency ratio or precipitation show no statistical robustness at any time.

Extending our analysis to male and female suicide rates reveals the fact that importance of
certain factors is clearly sex-dependent. For example, our estimation suggests null association
between female labor force participation and male suicide mortality. Yet, we observe its robust
negative association with female rates for 2000-2006. Evolution of robustness over time is
also sex-dependent for several suicide determinants. For instance, affiliation with Christianity
is negatively associated with female suicide mortality. While its degree of statistical robustness
is diminishing over time, it remains above the significance threshold. In contrast, affiliation
with Christianity is not a robust determinant of male suicide rates for both decades.

Our results show that suicide rates are robustly associated with modifiable factors, which
indicates some potential for policy intervention. However, our analysis is associational rather
than causal, and the results should be interpreted with caution, especially when considering
policy. The results provide some empirical support to causal theoretical mechanisms that
connect suicidality with socioeconomic factors and therefore offer policy implications. For
instance, the robustness of life expectancy at birth and its negative association with suicide
prevalence lends some support to economic theories of suicide (Hamermesh and Soss, 1974;
Koo and Cox, 2008). These mechanisms suggest that policies directed at extending life
expectancy at birth should also reduce suicide mortality. On the other hand, the emergence of
life expectancy at age 65 as a robust suicide risk factor might indicate increasing importance
of the gap between lifespan and healthspan. For instance, Garmani et al. (2021) indicate that
the observed steady rise in lifespan has not been met with a proportionate increase in
healthspan, i.e., the years lived free from disease. They discuss policies and initiatives that
address the lifespan-healthspan gap across communal, clinical, and research dimensions. Our
results tentatively suggest that such interventions might also lower suicide rates associated

with age-related frailty.
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Table A.1. Data description and sources.

Variable

Description

Sources

Suicide rates

Age-standardized suicide rate, total
Age-standardized suicide rate, male
Age-standardized suicide rate, female

Geo-climate factors
Absolute Latitude
Average temperature

Maximum monthly temperature

Precipitation
Macroeconomic factors

Employment in agriculture
Female labor force participation

GDP growth

GDP per capita
Inflation
Unemployment
Human capital factors
Life expectancy at 65
Life expectancy at birth
Schooling
Demographic factors
Age dependency ratio
Fertility rate
International migration
Population density
Population growth
Population sex ratio
Urban population
Socio-cultural factors

Alcohol consumption per capita

Christianity

Internet usage

Islam

Religiously unaffiliated

Age-standardized suicide mortality, both sexes (deaths per 100,000 population)
Age-standardized suicide mortality, male (deaths per 100,000 population)
Age-standardized suicide mortality, female (deaths per 100,000 population)

Latitude, absolute value, population weighted (degrees)
Average temperature, annual average (°C)

Maximum of monthly averaged temperatures (°C)
Average precipitation in depth (meters per year)

Employment in agriculture (% of total employment)

Labor force participation rate, female (% of female population ages 15+)
Annual percentage rate of change of GDP in constant prices (%)

GDP per capita, PPP (in thousands of constant 2017 international $)
Inflation, consumer prices, annual (%)

Unemployment, total (% of total labor force)

Life expectancy at age 65 (years)
Life expectancy at birth (years)
Mean years of schooling (years)

Ratio of dependents, ages <15 or >64, to the working-age population, ages 15-64 (%)
Fertility rate, total (births per woman)

International migrant stock as a proportion of the total population (%)

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

Annual percentage growth rate of population (%)

Ratio of males to females in a country (number of males per 100 females)

Urban population (% of total population)

Alcohol consumption per capita, recorded, age 15+ (litres of pure alcohol)
Individuals who self-identify as being Christian (% of total population)

Individuals who have used the Internet in the last 3 months (% of total population)
Individuals who self-identify as being Muslim (% of total population)

Individuals who self-identify as having no religious affiliation (% of total population)

World Health Organization (2021)
World Health Organization (2021)
World Health Organization (2021)

Edwards et al. (2021)
Harris et al. (2020)
Harris et al. (2020)
World Bank (2023b)

International Labour Organization (2021)
International Labour Organization (2022a)
International Monetary Fund (2022)
International Monetary Fund (2022)
International Monetary Fund (2022)
International Labour Organization (2022b)

United Nations (2022)
UNDP (2022)
UNDP (2022)

World Bank (2023a)

United Nations (2022)
United Nations (2019)
United Nations (2022)
United Nations (2022)
United Nations (2022)
World Bank (2023c)

World Health Organization (2022)

Maoz and Henderson (2013); Todd and Brian (2023)
International Telecommunications Union (2022)
Maoz and Henderson (2013); Todd and Brian (2023)
Maoz and Henderson (2013); Todd and Brian (2023)

Note: The dataset includes annual observations on 28 variables corresponding to 172 countries over years 2000-2019. The units of measurement are reported in parenthesis.
All flow variables are measured in per annum terms. Comparable data on population weighted latitude, religious affiliations and international migrant stock, are available only
at 5-year intervals. Linear interpolation is used to deal with missing annual observations.



Table A.2 The list of 172 countries included in the dataset

Afghanistan Comoros Iceland Mozambique Slovakia
Albania Congo India Myanmar Slovenia
Algeria Costa Rica Indonesia Namibia Solomon Islands
Angola Croatia Iran (Islamic Republic of) Nepal South Africa
Argentina Cyprus Iraq Netherlands Spain
Armenia Czechia Ireland New Zealand Sri Lanka
Australia Cote d'Ivoire Israel Nicaragua Sudan
Austria Democratic Republic of the Congo Italy Niger Suriname
Azerbaijan Denmark Jamaica Nigeria Sweden
Bahamas Djibouti Japan Norway Switzerland
Bahrain Dominican Republic Jordan Oman Tajikistan
Bangladesh Ecuador Kazakhstan Pakistan Thailand
Barbados Egypt Kenya Panama Timor-Leste
Belarus El Salvador Kuwait Papua New Guinea Togo
Belgium Equatorial Guinea Kyrgyzstan Paraguay Tonga
Belize Eritrea Lao People's Democratic Republic Peru Trinidad and Tobago
Benin Estonia Latvia Philippines Tunisia
Bhutan Eswatini Lebanon Poland Turkey
Bolivia (Plurinational State of) Ethiopia Lesotho Portugal Uganda
Bosnia and Herzegovina Fiji Liberia Qatar Ukraine
Botswana Finland Libya Republic of Korea United Arab Emirates
Brazil France Lithuania Republic of Moldova United Kingdom of Great Britain and
Brunei Darussalam Gabon Luxembourg Republic of North Macedonia Northern Ireland
Bulgaria Gambia Madagascar Romania United Republic of Tanzania
Burkina Faso Georgia Malawi Russian Federation United States of America
Burundi Germany Malaysia Rwanda Uruguay
Cabo Verde Ghana Maldives Saint Lucia Uzbekistan
Cambodia Greece Mali Saint Vincent and the Grenadines Vanuatu
Cameroon Guatemala Malta Samoa Venezuela (Bolivarian Republic of)
Canada Guinea Mauritania Sao Tome and Principe Viet Nam
Central African Republic Guinea-Bissau Mauritius Saudi Arabia Yemen
Chad Guyana Mexico Senegal Zambia
Chile Haiti Mongolia Serbia Zimbabwe
China Honduras Montenegro Sierra Leone
Colombia Hungary Morocco Singapore



Table A.3 Sensitivity of WALS estimates to alternative measures of real income.

Year 2000 Year 2004 Year 2009 Year 2014 Year 2019
mean WALS mean WALS mean WALS mean WALS mean WALS
(se) It] (se) It] (se) It] (se) It] (se) It]
Precipitation 0.030 0.027 0.478 0.500 0.605 0.582 0.127 0.095 0.280 0.269
(1.104) (0.974) (1.040) (1.332) (1.041)
Max. monthly temperature -0.126 0.430 0.243 0.751 0.167 0.498 -0.124 0.322 -0.054 0.172
(0.293) (0.323) (0.335) (0.384) (0.315)
Average temperature -0.302 1.208 -0.534 2.019 -0.417 1.495 -0.213 0.685 -0.152 0.576
(0.250) (0.265) (0.279) (0.311) (0.263)
Absolute latitude 0.024 0.295 0.040 0.492 0.057 0.632 0.093 0.866 0.105 1.185
(0.081) (0.081) (0.090) (0.107) (0.089)
Life expectancy at birth -0.921 4.724 -1.116 6.426 -1.575 8.036 -1.919 6.934 -1.328 5.091
(0.195) (0.174) (0.196) (0.277) (0.261)
Life expectancy at age 65 0.182 0.275 0.688 1.226 1.564 2.474 2.670 3.572 1.901 3.107
(0.661) (0.561) (0.632) (0.747) (0.612)
Urban population -0.068 1.671 -0.059 1.507 -0.091 2.436 -0.094 2.015 -0.081 2.298
(0.041) (0.039) (0.038) (0.047) (0.035)
Population Sex Ratio -0.026 0.366 -0.002 0.028 0.028 0.625 0.036 0.800 0.054 1.072
(0.071) (0.063) (0.044) (0.045) (0.050)
Fertility 0.114 0.089 -1.535 1.032 -1.900 1.209 -1.066 0.579 -0.187 0.105
(1.283) (1.487) (1.572) (1.842) (1.782)
Population density 0.001 0.644 0.001 1.024 0.000 0.454 0.000 0.434 0.001 1.170
(0.001) (0.001) (0.001) (0.001) (0.001)
Population growth -0.641 0.807 -0.287 0.468 -0.682 0.910 -0.091 0.174 -0.409 0.600
(0.795) (0.612) (0.749) (0.526) (0.682)
Age dependency ratio -0.052 0.523 0.057 0.522 0.022 0.200 -0.055 0.457 -0.011 0.100
(0.098) (0.110) (0.111) (0.119) (0.112)
International migration 0.128 1.566 0.097 1.265 0.117 1.279 0.034 0.412 0.002 0.021
(0.082) (0.077) (0.092) (0.081) (0.080)
Unemployment 0.060 0.667 -0.027 0.280 0.114 1.024 0.167 1.352 0.254 2.145
(0.091) (0.097) (0.111) (0.124) (0.118)
GNI per capita 1.138 0.746 0.515 0.357 -0.051 0.037 -0.799 0.452 -1.236 0.866
(1.525) (1.444) (1.367) (1.768) (1.428)
Inflation -0.002 0.220 -0.103 2.239 0.081 0.863 -0.035 0.354 -0.000 0.732
(0.011) (0.046) (0.094) (0.098) (0.000)
Employment in agriculture -0.087 1.334 -0.142 2.296 -0.162 2.678 -0.137 1.872 -0.063 1.076
(0.066) (0.062) (0.061) (0.073) (0.058)
GDP growth -0.031 0.507 -0.070 0.616 -0.033 0.301 0.004 0.026 -0.019 0.116
(0.061) (0.113) (0.110) (0.158) (0.168)
Female labor force part. -0.073 1.432 -0.036 0.744 -0.000 0.009 -0.000 0.003 0.036 0.737
(0.051) (0.048) (0.049) (0.057) (0.049)
Alcohol consumption 0.220 1.116 0.066 0.351 -0.189 0.880 -0.360 1.262 -0.153 0.649
(0.197) (0.187) (0.215) (0.285) (0.236)
Schooling 0.113 0.342 -0.082 0.265 -0.251 0.730 0.364 0.981 0.011 0.032
(0.331) (0.309) (0.343) (0.371) (0.344)
Internet usage -0.069 0.955 -0.052 1.097 0.038 0.765 0.022 0.327 0.082 1.650
(0.072) (0.048) (0.050) (0.067) (0.050)
Islam -8.835 2.972 -6.851 2.392 -6.311 1.856 -4.343 1.082 -4.835 1.538
(2.972) (2.864) (3.401) (4.013) (3.144)
Christianity -4.806 1.724 -2.291 0.902 -1.739 0.605 -0.052 0.017 -1.204 0.475
(2.787) (2.541) (2.873) (3.131) (2.535)
Religiously unaffiliated 6.037 0.971 7.122 1.216 4.879 0.788 3.175 0.388 1.545 0.219
(6.218) (5.858) (6.190) (8.191) (7.067)

Note: An alternative to the baseline measure of real per capita income is used. Real GDP per capita is replaced
with Gross National Income (GNI) per capita in constant prices. Both variables are in logs. WALS |t| statistic,
posterior mean, and standard deviation (in parenthesis) are reported for each variable. Values of WALS |t|
statistics exceeding one indicate evidence for a regressor. The reported estimation results do not seem to be
affected substantially by the choice of alternative income per capita measures. The results for the remaining
years considered are qualitatively similar for all three measures of suicide mortality. Those are available upon

request.



Table A.4 Sensitivity of WALS estimates to alternative choices of priors

Year 2000 Year 2019
Laplace prior Subbotin prior Weibull prior Laplace prior Subbotin prior Weibull prior
mean WALS mean WALS mean WALS mean WALS mean WALS mean WALS
(se) It (se) It (se) It (se) It (se) It (se) It
Precipitation 0.104 0.095 0.066 0.060 0.068 0.062 0.292 0.282 0.276 0.263 0.271 0.257
(1.092) (1.106) (1.110) (1.034) (1.049) (1.054)
Max. monthly temperature -0.106 0.365 -0.114 0.384 -0.115 0.384 -0.063 0.203 -0.089 0.279 -0.092 0.286
(0.292) (0.298) (0.300) (0.312) (0.319) (0.321)
Average temperature -0.297 1.194 -0.299 1.168 -0.301 1.164 -0.146 0.560 -0.134 0.503 -0.134 0.498
(0.249) (0.256) (0.258) (0.261) (0.266) (0.268)
Absolute latitude 0.032 0.392 0.032 0.388 0.032 0.388 0.106 1.202 0.109 1.219 0.109 1.217
(0.081) (0.081) (0.082) (0.088) (0.089) (0.090)
Life expectancy at birth -0.930 4.719 -0.940 4.651 -0.944 4.648 -1.347 5.156 -1.376 5.195 -1.380 5.219
(0.197) (0.202) (0.203) (0.261) (0.265) (0.264)
Life expectancy at age 65 0.208 0.309 0.183 0.264 0.184 0.264 1.962 3.232 2.018 3.279 2.024 3.293
(0.673) (0.693) (0.696) (0.607) (0.615) (0.615)
Urban population -0.063 1.537 -0.063 1.539 -0.063 1.542 -0.078 2216 -0.078 2233 -0.079 2.241
(0.041) (0.041) (0.041) (0.035) (0.035) (0.035)
Population Sex Ratio -0.015 0.217 -0.017 0.240 -0.017 0.244 0.055 1.103 0.057 1.128 0.058 1.134
(0.069) (0.069) (0.069) (0.050) (0.051) (0.051)
Fertility 0.186 0.145 0.172 0.138 0.171 0.138 -0.242 0.137 -0.252 0.146 -0.246 0.144
(1.281) (1.248) (1.237) (1.768) (1.724) (1.711)
Population density 0.001 0.702 0.001 0.698 0.001 0.692 0.001 1.219 0.001 1.217 0.001 1.222
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Population growth -0.771 0.981 -0.774 0.975 -0.765 0.964 -0.367 0.538 -0.381 0.567 -0.382 0.572
(0.786) (0.793) (0.794) (0.683) (0.672) (0.669)
Age dependency ratio -0.055 0.557 -0.060 0.618 -0.061 0.638 -0.018 0.164 -0.024 0.224 -0.026 0.238
(0.099) (0.097) (0.096) (0.112) (0.109) (0.108)
International migration 0.120 1.467 0.126 1.503 0.127 1.511 0.004 0.047 0.002 0.022 0.001 0.016
(0.082) (0.084) (0.084) (0.079) (0.081) (0.081)
Unemployment 0.062 0.685 0.063 0.694 0.062 0.684 0.254 2.163 0.260 2.190 0.261 2.201
(0.091) (0.091) (0.091) (0.118) (0.119) (0.119)
GNI per capita 1.042 0.688 0.963 0.620 0.950 0.608 -1.565 1.164 -1.633 1.241 -1.638 1.256
(1.513) (1.552) (1.564) (1.345) (1.316) (1.304)
Inflation -0.002 0.210 -0.002 0.199 -0.002 0.195 -0.000 0.730 -0.000 0.765 -0.000 0.775
(0.011) (0.011) (0.011) (0.000) (0.000) (0.000)
Employment in agriculture -0.082 1.264 -0.083 1.242 -0.083 1.240 -0.066 1.114 -0.068 1.145 -0.069 1.161
(0.065) (0.067) (0.067) (0.059) (0.059) (0.059)
GDP growth -0.028 0.466 -0.030 0.479 -0.030 0.474 -0.017 0.103 -0.012 0.074 -0.011 0.069
(0.061) (0.062) (0.062) (0.167) (0.164) (0.163)
Female labor force part. -0.073 1.407 -0.075 1.413 -0.077 1.436 0.034 0.692 0.037 0.757 0.038 0.768
(0.052) (0.053) (0.053) (0.049) (0.049) (0.049)
Alcohol consumption 0.231 1.152 0.240 1.194 0.242 1.200 -0.119 0.497 -0.123 0.517 -0.125 0.527
(0.201) (0.201) (0.201) (0.240) (0.237) (0.236)
Schooling 0.127 0.380 0.113 0.333 0.112 0.331 0.035 0.105 0.032 0.096 0.028 0.082
(0.335) (0.340) (0.340) (0.337) (0.338) (0.339)
Internet usage -0.061 0.864 -0.060 0.847 -0.060 0.846 0.081 1.646 0.080 1.637 0.080 1.640
(0.071) (0.071) (0.071) (0.049) (0.049) (0.049)
Islam -8.748 2.847 -8.985 2.865 -9.016 2.867 -4.630 1.466 -4.577 1.428 -4.600 1.427
(3.072) (3.137) (3.145) (3.158) (3.205) (3.223)
Christianity -4.685 1.662 -4.776 1.663 -4.808 1.669 -1.266 0.497 -1.195 0.465 -1.190 0.461
(2.819) (2.871) (2.880) (2.547) (2.570) (2.580)
Religiously unaffiliated 5.582 0.903 5.988 0.962 6.025 0.968 1.561 0.221 1.625 0.228 1.593 0.223
(6.182) (6.222) (6.224) (7.053) (7.132) (7.135)

Note: The table presents WALS estimation results using reflected Weibull, Subbotin, and Laplace priors for the
total age-standardized suicide rate in 2000 and 2019. The parameters of all three prior distributions are set to
their minimax regret solutions under the neutrality condition, as described in Magnus and De Luca (2016).
WALS |t| statistic, posterior mean, and standard deviation (in parenthesis) are reported for each variable. The
values of WALS |[t] statistics exceeding one indicate evidence for a regressor. The reported estimation results do
not appear sensitive to the choice of alternative priors. The results for the remaining years exhibit similar
patterns across all three measures of suicide mortality. Those are available upon request.
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Figure A.1: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.



Figure A.2: Determinants
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.



Figure A.3: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.



Figure A.4: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.5: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.6: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.7: Determinants of suicide rates over
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2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.8: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.9: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.10: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.

16



25

Figure A.11: Determinants of suicide rates over
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Figure A.12: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.

18



Figure A.13: Determinants of suicide rates over 2000-2019
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Note: Results are presented for total (BTSX), male (MLE) and female (FMLE) age-standardized suicide rates. For each level
of disaggregation, upper panel reports WALS t-statistics in absolute value, abs(t), as a robustness measure of the regressor.
A higher value of abs(t) corresponds to a higher robustness of the potential suicide determinant, whereas the dashed line at
one represents the minimal robustness threshold. Lower panel reports the WALS posterior mean coefficient and one-standard-

deviation confidence band associated with the regressor.
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Fig. A.14. Sensitivity of the results to alternative measures of real income.
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Note: WALS estimation results are presented for total age-standardized suicide rate in 2019 for the sample of
172 countries. An alternative to the baseline measure of real per capita income is used. Real GDP per capita is
replaced with Gross National Income (GNI) per capita in constant prices. Both variables are in logs. WALS |[t|
statistic are shown for each variable. The values of WALS |t| statistics in excess of one indicates evidence for a
regressor. Reported estimation results do not appear sensitive to the choice of alternative measures of income
per capita. The results for the remaining years considered are qualitatively similar for all three measures of
suicide mortality. Those are available upon request.



Fig. A.15. Sensitivity of the results to alternative measures of GDP per capita.
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Note: This figure shows sensitivity of the results to the choice of real GDP estimates. The baseline specification
relies on the estimates reported by the World Bank’s World Development Indicators (WDI), whereas the
alternative one uses the estimates from the Penn World Table (PWT) version 10.01. WALS estimation results
are presented for total age-standardized suicide rate in year 2004 and 2019. The sample is reduced to 163
countries due to the PWT data availability. Variables are expressed in levels and in logs. WALS |t| statistics are
reported for each variable. The values of WALS |[t] statistics exceeding one indicate evidence for a regressor.
Reported estimation results do not appear sensitive to the choice of alternative measure of GDP per capita,
especially for the robust determinants. The results for the remaining years considered are qualitatively similar
for all three measures of suicide mortality. Those are available upon request.



Fig. A.16. Sensitivity of the results to alternative measures of unemployment prevalence.
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Note: WALS estimation results are presented for total age-standardized suicide rate in 2019 for the sample of
172 countries. An alternative to the baseline measure of unemployment prevalence is used. The unemployment
rate, which is calculated as the percentage of unemployed individuals relative to the total labor force, is now
replaced with the percentage of unemployed individuals relative to the entire population. WALS |t| statistics are
shown for each variable. The values of WALS |[t] statistics exceeding one indicates evidence for a regressor.
Reported estimation results do not appear sensitive to the choice of alternative measures of unemployment
prevalence. The results for the remaining years considered are qualitatively similar for all three measures of
suicide mortality. Those are available upon request.



Fig. A.17. Sensitivity of the estimation results: common intercept vs. WHO regional
dummies
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Note: WALS estimation results are presented for female age-standardized suicide rate in 2000 and total rate in
2019. The baseline specification is compared with an alternative one, which includes dummy variables
corresponding to WHO classification of world regions (Africa, Americas, Eastern Mediterranean, Europe,
South-East Asia, Western Pacific). WALS [t| statistics are shown for each variable. The values of WALS ||
statistics exceeding one indicates evidence for a regressor. The ordering of the robust determinants does not
appear to be sensitive to the inclusion of WHO regional dummies, though the estimates tend to become less
precise, probably due to increased model size. The results for the remaining years considered are qualitatively
similar for all three measures of suicide mortality. Those are available upon request.



