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Abstract

This paper examines whether the COVID-19-induced employment shocks are associated

with increases in suicides and safety net use in the second and third quarters of 2020. We

exploit plausibly exogenous regional variation in the magnitude of the employment shocks

in Japan and adopt a difference-in-differences research design to examine and control for

possible confounders. Our preferred point estimates suggest that a one-percentage-point

increase in the unemployment rate in the second quarter of 2020 is associated with, approxi-

mately, an additional 0.52 suicides, 28 unemployment benefit recipients, 88 recipients of a

temporary loan program, and 10 recipients of public assistance per 100,000 population per

month. A simple calculation based on these estimates suggests that if a region experienced

a one-percentage-point increase in the unemployment rate caused by the COVID-19 crisis

in the second quarter of 2020, which is roughly equivalent to the third-highest regional

employment shock, this would be associated with 37.4%, 60.5%, and 26.5% increases in

the total, female, and male suicide rates respectively in July 2020 compared with July 2019.

These results are primarily correlational rather than causal due to the limitation of our data

and research design, but our baseline findings are robust to several different model

specifications.

1 Introduction

The COVID-19 pandemic has caused serious infections and deaths around the world, and it is

becoming clearer that its economic and social consequences are also tremendous. The

COVID-19 pandemic and subsequent social-distancing policies have caused a sharp contrac-

tion of economic and social activities. National governments around the world have been try-

ing to mitigate socio-economic damages by introducing new emergency cash benefits and

expanding existing safety net programs. There are daily news reports of job loss, poverty, men-

tal disorders, and even suicides that have been directly or indirectly induced by the COVID-19
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crisis. Numerous social-science studies of the impact of the COVID-19 crisis have also been

published on a daily basis.

However, it is still not well understood how the COVID-19 economic shocks, such as a

sharp increase in unemployment, have affected society. Previous social science studies have

tended to focus on how the COVID-19 crisis as a whole, including social distancing policies,

has affected economic and social outcomes, but fewer studies have directly examined how

COVID-19-induced employment shocks are associated with social outcomes such as mental

and financial distress.

In this paper, we provide an early-stage analysis on how the COVID-19-induced employ-

ment shocks are associated with suicide and financial distress during and after the first wave of

COVID-19 in Japan. We exploit an increase in the regional unemployment rate as an indicator

of the economic shocks because a deteriorating employment environment can directly and

indirectly harm the well-being of workers and their families. We focus on suicide and safety

net use as social outcomes because the former can be interpreted as a devastating consequence

of deteriorated well-being and the latter are administrative indices that reflect the number of

people or households that suffer from distressed living and financial conditions.

As a research design, we exploit a considerable regional variation in the magnitude of the

COVID-19-induced increase in unemployment: regional (i.e., prefecture-level) employment

shocks were larger in metropolitan areas and regions with popular sightseeing spots where a

greater portion of employed people work in the service industry. We then adopt a difference-

in-differences (DID) research design with an event-study specification and examine how the

regional employment shocks caused by COVID-19 are associated with the regional trends of

suicide rates and safety net participation before and during the crisis. As for safety net pro-

grams, we examine five programs in Japan’s three-tier safety net system addressing unemploy-

ment and poverty: unemployment benefits (first tier), two temporary loans and a temporary

housing benefit (second tier), and a public assistance program (third tier).

Our study is primarily descriptive and correlational and we do not argue that our research

design perfectly solves the problem of estimation bias. On the one hand, we implement DID

estimations that incorporate pre-determined covariates in order to control for possible con-

founding COVID-19 impacts through other pathways than COVID-19-induced employment

shocks. In addition, we also implement several robustness checks using different model specifi-

cations. On the other hand, we nonetheless carefully interpret our estimation results as correla-

tions between the COVID-19-induced employment shock and the outcomes of interest

because of the possibility that some unobserved COVID-19-related factors are still not con-

trolled for.

Our preferred point estimate suggests that a one-percentage-point increase in the unem-

ployment rate in the second quarter (i.e., April to June) of 2020 is associated with an additional

0.522 suicides per 100,000 population in the subsequent month, July 2020. The size of this esti-

mate is not negligible given that the suicide rate was 1.395 in July 2019 (based on the estimated

days of death), implying a 37.4% increase in the suicide rate. The counterpart estimates and

the rates of increase for female and male suicide rates are 0.518 (60.5%) and 0.521 (26.5%)

respectively.

The counterpart point estimates for the safety net programs show that the same one-per-

centage-point increase in the regional unemployment rate is associated with an additional 27.9

unemployment benefit recipients, an additional 87.8 temporary loan program recipients, and

an additional 9.7 public assistance recipients per 100,000 population in July 2020. These results

suggest that all three tiers of safety net programs responded to COVID-19-induced employ-

ment shocks and the second-tier safety net of temporary loans in particular played an impor-

tant role in this period.
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The contributions of our paper are three-fold. First, we provide early-stage plausible evi-

dence of association between the COVID-19-induced employment shocks and mental and

financial distress such as suicide and safety net use. This association has rarely been studied so

far, although several epidemiological and economic studies investigate suicide [1–7], suicide

ideation and mental health outcomes [8–13], and socio-economic outcomes including unem-

ployment and safety net use [14–18] under the COVID-19 pandemic. There is also research

that examines relationship between unemployment and safety net use under the COVID-19

crisis based on a social survey [19] and some studies also point out that the rise in unemploy-

ment caused by the COVID-19 pandemic is expected to lead to an increase in the suicide rate

[20, 21]. Another study examines the possible long-run impacts of the economic consequences

of COVID-19 on various socio-economic outcomes from a historical perspective [22]. But few

studies directly investigate how COVID-19-induced unemployment is associated with suicide

and safety net utilization using administrative data.

Second, from a more general viewpoint, our study also contributes to the literature on the

association between unemployment and suicide. This association has been extensively studied

in social sciences [23–33] and public health (see a systematic review [34]) and many studies

have shown that increases in unemployment are associated with a rise in the suicide rate. For

example, Ruhm [23] shows that a one-percentage-point increase in the state unemployment

rate was associated with an approximate 1.3% increase in the suicide rate in the US and some

studies reviewed in Franquiho et al. [34] provide counterpart estimates with a range of 0.79–

4.5% increases. These estimated percentages in the previous studies are much lower than our

counterpart percentage of 37.4%, but one caveat is that our result is based on the largest

monthly, not yearly as in most studies, estimate in the second and third quarters of 2020.

Third, our study is also related to the literature on the association of unemployment with

poverty and safety net use. Some studies examine relations between unemployment-rate fluc-

tuation and use of safety net programs such as unemployment insurance benefits and means-

tested programs before the COVID-19 crisis [35–37]. Our findings add new evidence to the lit-

erature by estimating and comparing the association between unemployment and the use of

multi-tier safety net programs.

The rest of the paper is organized as follows. Section 2 describes background information

about the first wave of COVID-19 in Japan in 2020, provides the definitions and the descrip-

tive statistics of our dataset, and presents some descriptive evidence regarding our research

topic. Section 3 describes our research design and empirical model. In Section 4 we present

baseline estimation results and in Section 5 we also provide the results of robustness checks

and alternative estimations with a different employment-shock variable. Section 6 concludes.

2 Background and data

This section provides some background about the first wave of COVID-19 in Japan and the

data that we use for our empirical analysis. First, we briefly describe the COVID-19 crisis in

Japan, particularly focusing on the period of the first wave between April and June 2020. Sec-

ond, we explain the definitions and institutional backgrounds of outcome and treatment vari-

ables. Third, we provide data sources and descriptive statistics of key variables. Fourth, we

show descriptive evidence regarding the association between COVID-19-induced employment

shocks and the outcomes of interest using time-series graphs, a bar plot, and scatter plots.

2.1 The first wave of COVID-19

During and after the first wave of COVID-19 in Japan, which started in March 2020 and

ended in June 2020 (S1 Fig), Japan suffered from economic and social difficulties despite its
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relative success in mitigating COVID-19 infection spread. Unlike many Western countries

where COVID-19 lockdowns were legally enforced, in Japan, social distancing interventions

including Japan’s first “COVID-19 state of emergency” (hereafter the first state of emergency)

were based on non-compulsory requests made by the central and local governments. However,

several mobility indices show that mobility significantly decreased during the period of the

first state of emergency (see, for example, S2 Fig). Subsequent reduction in social and eco-

nomic activities under the first wave had considerable impact on employment.

At the same time, the period from the outset of the COVID-19 crisis in February 2020 to

the end of the first wave of COVID-19 in June 2020 was an important stage in Japan’s

COVID-19 policy formation during which basic epidemiological, social and fiscal schemes

against COVID-19 were constructed (S1 Fig). The first COVID-19 state of emergency was

declared on 7th April in seven prefectures, including the Tokyo and Osaka metropolitan areas.

On April 16, the State of Emergency Declaration was extended to cover the entire country.

Then, as the infection level steadily dropped, the government gradually lifted the state of emer-

gency in multiple phases starting in the middle of May.

During this period, the first and second supplementary budgets as emergent COVID-19 fis-

cal measures passed on 30th April and 12th June respectively. The total amount of these two

supplementary budgets was 57,602 billion JPY (around 520 billion USD given that 1

USD = 110 JPY) and around 10.7% of GDP in 2020 [38]. The largest component of the first

supplementary budget was a lump-sum transfer program consisting of a one-time transfer of

100,000 JPY (around 910 USD) to all individuals living in Japan. There were also several other

transfer programs that were intended to support firms and their employees under the COVID-

19 crisis, but financial supports for people who lost their jobs or incomes due to COVID-19

during this period were mostly realized by the existing three tiers of safety net programs that

we explain in the next subsection. See Ando et al. [38] for more detailed background informa-

tion and the contents of Japan’s fiscal responses against the first wave of COVID-19 and the

subsequent first COVID-19 state of emergency.

2.2 Outcomes of interest

Our outcomes of interest are the suicide rate by gender and the utilization of the three tiers of

safety net programs before and after the first wave of COVID-19 in Japan. They consist of the

monthly panel data of 47 prefectures from January 2018 to September 2020 (33 months)—47

prefectures, such as Tokyo, Kyoto, and Hokkaido, are second-tier local governments while the

third-tier local governments consist of 1,718 municipalities. The full sample size is 1,551,

although some safety-net outcome variables lack data in some months. We use the administra-

tive aggregated statistics provided by the central government for all of the outcome variables.

See also S1 Table for further details about the three tiers of safety net programs such as eligibil-

ity, amount per recipient, and duration.

2.2.1 Suicide rate. Our primary outcome of interest is the suicide rate, which is the num-

ber of suicides per 100,000 population. We investigate the monthly panel data of three suicide-

rate variables: total suicide rate, female suicide rate, and male suicide rate. The number of sui-

cides is aggregated based on the dates and places of suicide. Suicide statistics are originally pro-

vided as police statistics and aggregated and arranged by the Ministry of Health, Labour, and

Welfare (MHLW) as the Statistics of Suicide (Jisatsu no Tokei).
2.2.2 Unemployment benefits (first-tier safety net). The first outcome of a safety net

program examined is the number of unemployment benefit recipients per 100,000 population

under the unemployment insurance program. As unemployment benefit recipients we count
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the number of the people who received the “basic benefit” that is the main component of the

Japanese unemployment insurance system.

Unemployment insurance is unarguably the first-tier safety net program for the unem-

ployed in most developed countries, but there are some caveats about the Japanese unemploy-

ment insurance system. First, the coverage rate of the unemployment benefits among

unemployed was less than 30% in Japan in the early 2010s and it is lower than other developed

countries even after taking into account institutional differences [39]. In addition, the pseudo-

coverage rate of unemployment benefits provided by OECD was 22.4% in Japan in 2018,

which is also among the lowest in OECD countries. Note that the numerator of this rate is the

number of beneficiaries of unemployment insurance and of non-contributory benefits for job

seekers and the denominator is the number of unemployed individuals (over 15 years old)

according to the ILO definition (see OECD website for Social Benefit Recipients (SOCR)

annual data for further details). Second, the COVID-19-induced employment shocks are more

concentrated on part-time or contingent workers [18] and contingent workers are often ineli-

gible for unemployment benefits. As a result unemployment insurance may not have worked

well as a social safety net against the COVID-19 employment shocks [40].

In addition, instead of original monthly outcomes, we use the year-on-year monthly out-

comes in which an outcome value at month t−12 is subtracted from an outcome value at

month t. This procedure of year-on-year difference is meant to capture a monthly change in

the number of beneficiaries from one year earlier rather than a monthly total number, which is

the sum of existing and new beneficiaries. This procedure also eliminates prefecture-specific

monthly fixed effects.

2.2.3 Temporary loan programs (second-tier safety net). The second and third out-

comes of safety net programs are the numbers of accepted applications per 100,000 population

for two types of interest-free and guarantor-free temporary loan programs: Emergency Small

Amount Funds for those who urgently need cash (up to 200,000 JYP or about 1,800 USD) and

General Support Funds for those who need cash for a certain period (up to 150,000–200,000

JYP or about 1,400–1,800 USD per month). They are both existing means-tested temporary

loan programs which can be utilized as second-tier safety net programs before applying for

public assistance. They were rarely used before the COVID-19 crisis as shown in Section 2.5.

However, their requirements have also been relaxed since March 2020 and the number of loan

recipients has increased dramatically.

2.2.4 Housing Security Benefit (second-tier safety net). The fourth safety net program

outcome is the number of newly accepted applications per 100,000 population for the Housing

Security Benefit, which is another existing second-tier safety net program of short-term (i.e.,

three to nine months in 2020) housing allowance. This benefit scheme, originally intended

only for those who have lost their jobs, was rarely used before the COVID crisis as shown in

Section 2.5. But since April 2020, its eligibility has been extended to those who have not lost

their jobs but have nevertheless experienced a large income reduction, resulting in a consider-

able increase in the number of households receiving these benefits. This housing allowance

scheme covers the entire rent up to a certain upper limit.

2.2.5 Public assistance (third-tier safety net). The fifth and sixth variables of safety net

programs are the per-capita numbers of public assistance recipients and recipient households.

The public assistance program in Japan, the third-tier safety net, is considered to be the “final

safety net” or “last resort,” and the prerequisites for application are in general strict, such as

having no savings and no assets. We can use only total recipient and total recipient household

numbers for monthly prefecture-level data.

As we use year-on-year monthly outcomes of unemployment benefit recipients, we also use

year-on-year monthly public assistance outcomes. This procedure is meant to capture a

PLOS ONE The association of COVID-19 employment shocks with suicide and safety net use

PLOS ONE | https://doi.org/10.1371/journal.pone.0264829 March 24, 2022 5 / 26

https://doi.org/10.1371/journal.pone.0264829


monthly change in the number of beneficiaries from one year earlier and to eliminate prefec-

ture-specific monthly fixed effects.

2.3 Treatment variables

For a treatment variable, we use a continuous variable that reflects a sudden and plausibly

exogenous regional variation in the COVID-19-induced employment shock. We adopt the

unemployment rate as a baseline employment indicator because it is most commonly used in

the literature. We also use a supplementary employment indicator based on the statistics of

registered full-time-job seekers for a robustness check.

2.3.1 Baseline employment shocks. As a baseline treatment variable, we use a continuous

variable that reflects a sudden and plausibly exogenous regional variation in the COVID-

19-induced employment shock, using quarterly unemployment statistics. We define the

COVID-19-induced employment shock as the following de-trended increase in the regional

unemployment rate in the second quarter (i.e., April to June) of 2020:

EmpShocki ¼ ½ðXi;2020Q2 � Xi;2019Q2Þ � ðXi;2019Q4 � Xi;2018Q4Þ�; ð1Þ

where i indicates prefecture, X is the unemployment rate, and Q2 and Q4 are the second and

fourth quarters respectively. The first term in Eq (1) is a year-on-year difference in the unem-

ployment rate in the second quarter of 2020, which consists of a COVID-19-induced employ-

ment shock and a prefecture-specific year trend. The second term is a corresponding year-on-

year difference in the fourth quarter of 2019, which should reflect a prefecture-specific year

trend just before the COVID-19 crisis. Assuming that the prefecture-specific year trends are

similar just before and after the COVID-19 crisis, the difference between these two terms is

thus expected to capture only the COVID-19-induced employment shock.

Note that what we use for Xi,t is the prefecture-level estimates of the unemployment rate

provided in the Labour Force Survey. The prefecture-level estimates are estimated by the Sta-

tistics Bureau. The Bureau states that some imprecision is expected in these estimates, but we

treat the estimated values as true values and do not consider their statistical uncertainty in our

statistical analysis due to data limitations.

2.3.2 Alternative “full-time” employment shocks. As an additional analysis, we con-

struct another employment-shock treatment variable based on a more narrowly defined

employment indicator. That is, for the numerator of the regional unemployment rate Xi,t in

Eq (1) we use the number of the unemployed people who are registered as full-time-job seekers

at public employment security offices, instead of the total number of the unemployed. We call

this variable the variable of a “full-time” employment shock and describe estimation results

based on this alternative treatment variable in the section on robustness checks.

Because registered full-time-job seekers are often, though not always, the breadwinners of

households and are eligible for unemployment benefits, this alternative “full-time” employ-

ment-shock variable may reflect a specific part of the entire employment shock in a prefecture.

That is, this “full-time” employment-shock variable may strongly reflects the COVID-19

shocks for full-time workers who are entitled to receive unemployment benefits (i.e. to receive

unemployment benefits, an unemployed person needs to be registered at public employment

security offices). Note also that although Xi,t is quarterly in the baseline definition of Eq (1), we

use the number of the registered full-time-job seekers in June for the second quarter and

December for the fourth quarter, because the year-on-year total numbers of registered job

seekers temporarily dropped in April and May 2020, probably due to the COVID-19 state of

emergency in these months.
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2.4 Summary statistics

Table 1 shows the summary statistics of our dataset. Because the employment-shock variable

defined in Eq (1) and covariates are time-invariant and cross-sectional variables, we have 47

observations. The outcome variables such as suicide rates, unemployment benefit recipients,

and public assistance recipients include 33-months of data (from January 2018 to September

2020) while the variables of the second-tier safety net programs such as Emergency Small

Amount Funds, General Support Funds, and Housing Security Benefit are more restricted due

to data limitations.

For Emergency Small Amount Funds and General Support Funds, we use the monthly data

between January 2019 and September 2020, but due to limited data availability we do not have

the data for February and March 2020; statistics for these two months were missing from the

Table 1. Summary statistics.

N Mean Std.Dev. Min Max

Treatment

Employment shock (baseline) 47 0.25 0.42 -0.77 1.23

Employment shock (full-time) 47 0.08 0.08 -0.14 0.22

Outcome

Suicide rate (total) 1551 1.36 0.38 0.18 3.27

Suicide rate (female) 1551 0.78 0.34 0.00 2.17

Suicide rate (male) 1551 1.97 0.63 0.00 4.69

Unemployment benefit (total) 1551 326.38 61.24 202.11 526.63

Unemployment benefit (female) 1551 375.74 73.20 225.50 607.71

Unemployment benefit (male) 1551 273.12 51.88 176.70 454.55

Unemployment benefit (total, yoy) 1551 12.25 38.01 -137.25 191.96

Unemployment benefit (female, yoy) 1551 9.55 39.78 -175.60 206.22

Unemployment benefit (male, yoy) 1551 15.20 38.51 -94.49 187.69

Emergency Small Ammount Funds 893 28.51 55.85 0.00 567.45

General Support Funds 893 14.90 36.93 0.00 426.29

Housing Security Benefit 423 6.13 9.49 0.00 81.26

Public assistance (recipients) 1551 1398.27 666.37 332.39 3248.44

Public assistance (households) 1551 1103.91 514.65 289.87 2516.68

Public assistance (recipients, yoy) 1551 -10.96 18.90 -61.43 46.46

Public assistance (households, yoy) 1551 3.01 11.85 -21.45 50.50

Covariate

Cumulative infection rate 47 8.51 8.56 0.00 44.72

Cumulative death rate 47 0.43 0.63 0.00 2.37

Google Mobility index 47 -22.18 4.86 -39.05 -12.87

Population density 47 1350.74 1781.23 234.70 9792.90

Ratio of employees (secondary) 47 0.25 0.05 0.14 0.33

Ratio of employees (service) 47 0.66 0.04 0.60 0.73

Elderly dependency rate 47 53.50 7.51 35.00 70.10

Total population 47 268.49 277.93 56.00 1392.00

Notes: The employment shock is a cross-section variable calculated based on Eq (1). All the outcome variables are calculated per 100,000 population. For the definition

of each variable, see S2 Table. Outcome variables such as suicide rates, unemployment benefits, and Public assitance recipients are 21-months data (from January 2019

to September 2020) while the variables of Emergency Small Amount Funds, General Support Funds, and Housing Security Benefit are more restricted due to data

limitation. “yoy” means year-on-year difference. Sources: See S2 Table.

https://doi.org/10.1371/journal.pone.0264829.t001
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original data provided by the government. In addition, the monthly-level data aggregation

from April to July 2020 is slightly irregular, although it should not cause serious estimation

bias. More concretely, the number of loan decisions between April and September 2020 in the

statistics provided by the central government is aggregated as follows: April data is based on

the numbers from 25th March to 2nd May, May data is from 3rd May to 30th May, June data

is from 31st May to 27th June, July data is from 28th June to 1st August, August data is from

2nd August to 29th August, and September data is from 30th August to 3rd October. For

Housing Security Benefit, we can use only January, February, and March 2019 in the pre-

COVID-19 period because of the limited data availability.

S2 Table presents definitions and data sources of all the variables used for analyses. All the

data except for the second-tier safety net programs (Emergency Small Amount Funds, General

Support Funds, and Housing Security Benefits) are obtained from the websites of the Ministry

of Health, Labour, and Welfare (MHLW) and Statistics Bureau of Japan. When it comes to the

data of the second-tier safety net programs, we use the datasets that are directly provided by

MHLW.

2.5 Descriptive evidence

Before moving on to the econometric analysis, we provide some descriptive evidence that sug-

gests an association between the increase in the unemployment rate and the increases in sui-

cide and safety net use in the midst of the COVID-19 crisis. We firstly provide the nation-level

time-series graphs of employment status and outcome variables before and after the onset of

the first wave of COVID-19. We then present the scatter plots of suicide rates versus our base-

line treatment variable (the COVID-19-induced employment shock measured by the unem-

ployment rate).

Fig 1 describes how the status of employment, suicide, and safety-net provisions in Japan

evolved before, during, and after the first wave of COVID-19 in 2020. These nation-level statis-

tics are constructed based on four major employment statistics (labor force participation rate,

employment rate, unemployment rate, and jobs-to-applicants ratio) and the outcome variables

listed in Section 2.2. See also S2 Table for their definitions and data sources.

The implications of Fig 1 are summarized as follows. First, panels (a) and (b) show that the

employment rate and labor force participation rate have sharply dropped since April 2020,

while the unemployment rate and the jobs-to-applicants ratio—the ratio of job offers to job

applicants, which is one of the most used monthly administrative employment indicators in

Japan—gradually deteriorated.

Second, panels (c) and (d) suggest that suicide rates have been increasing since July 2020. It

is of course not clear from these graphs to what degree the COVID-19 crisis has led to the

increase in suicides, but some specialists and reports in the mass media have asserted that the

sharp deterioration in employment in the first few months of the COVID-19 crisis may have

resulted in the slightly lagged increase in suicides [41, 42]. In S3 Table, we also present the

numbers of suicides in 2019 and 2020 by sex, age and occupation. These data show that the

increase in suicides from 2019 and 2020 stands out in both employed and non-employed

women within all age cohorts and young employed men aged 20–29.

Third, panels (e) and (f) show that the utilization of the first and second-tier safety net pro-

grams also increased during and after the second quarter of 2020 or the period of the first wave

of COVID-19. Outcome values for all the second-tier programs are not zero in the pre-

COVID-19 period but discontinuously smaller than those in the COVID-19 period. Note also

that the central government has relaxed eligibility requirements for these second-tier programs

due to COVID-19 since March 2020.
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Fig 1. Monthly trends of employment-related variables, suicides and safety-net programs in Japan. Notes: A vertical line in January 2020 indicates the

beginning of the COVID-19 crisis in Japan and a gray area indicates the second quarter of 2020. “Year-on-year” means year-on-year difference. Panels (a)

and (b) show different employment-related statistics. Suicides in panels (c) and (d) are counted based on the estimated dates of death. In panel (f),

“Emergency Small Amount Funds” and “General Support Funds” are two public temporary loan programs and “Housing Security Benefit” is a temporary

housing allowance program. In panel (h), “the elderly” indicates a household with only persons aged 65 or over (and unmarried persons under the age of
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Fourth, panel (g) shows that the year-on-year numbers of recipients and recipient house-

holds of the public assistance program, the third-tier and last-resort safety net, are negative

both before and after the onset of the COVID-19 crisis, implying that the number of public

assistance recipients kept decreasing regardless of the COVID-19 crisis. Panel (h), however,

indicates that the counterpart year-on-year number for the household type of “others”, which

includes low-income workers and the unemployed, clearly started increasing in April 2020.

In turn, Fig 2 shows the regional variation of the employment shock measured as Eq (1)

(panel (a)), namely our treatment variable, and correlations of this employment shock and

changes in total, female, and male suicide rates in July 2020 from those in July 2019 (panel (b)-

(d)). We use the monthly suicide rates in July because our employment-shock variable is calcu-

lated as a shock in the second quarter (i.e., April to June) 2020.

Panel (a) of Fig 2 shows that the most affected prefectures are Okinawa, Kanagawa, and

Osaka and their employment shocks are more than one percentage point. Panel (a) also sug-

gests that these employment shocks are larger in metropolitan areas (Kanagawa, Osaka, Nara,

Tokyo, Hyogo, Saitama, Chiba, Kyoto) and prefectures with popular sightseeing spots (Oki-

nawa and Hokkaido). Panels (b)-(d) present some positive correlations between the employ-

ment shock and the suicide rates, although suicide rates in the metropolitan areas are not

necessarily highest.

3 Research design

Exploiting the regional variation in the COVID-19-induced employment shock and a differ-

ence-in-difference research design, we examine how the intensity of the regional employment

shock is associated with the regional trends of suicide and the use of safety net programs in the

COVID-19 period. In an estimation model, we also incorporate several observed covariates

that may cause estimation bias if they are not controlled for.

3.1 Empirical model

The baseline model specification takes the following event-study specification with time-vary-

ing DID coefficients:

Yit ¼
X

t6¼Jan:2020

btEmpShocki � 1½t ¼ t� þ pi þ yt þ �it þ εit; ð2Þ

where Yit is the outcome variable such as a suicide rate for prefecture i at time t, Empshocki
is a continuous treatment variable of the COVID-19 employment shock defined as in Eq (1),

1[t = τ] is a dummy variable that takes the value of one if t = τ and zero otherwise, πi and θt are

prefecture and month fixed effects, respectively, ϕi t is an individual (i.e., prefecture) linear

trend, and εit is an error term.

The coefficients of interest are the time-varying coefficients βτ, which capture the correla-

tion between EmpShocki and the outcome trend from January 2020 to time τ. When time τ is

before January 2020, βτ can be interpreted as a placebo estimate that is expected to be around

zero if no confounding trends existed before the COVID-19 crisis. When month τ is after Jan-

uary 2020, βτ captures the association between EmpShocki and the outcome trend in the

COVID-19 period, which is not confounded by pre-existing outcome trends if placebo esti-

mates before January 2020 are around zero. Furthermore, if the assumption of no differential

18), “single mothers” means households with unmarried women and their children under the age of 18, “the disabled” or “the sick” are households the

heads of which are persons with a disability or illness respectively. See Section 2 for more details about these data. Sources: See S2 Table.

https://doi.org/10.1371/journal.pone.0264829.g001
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trends among prefectures in the COVID-19 period is plausible, βτ in the COVID-19 period

can be interpreated as a causal effect of EmpShocki on Yiτ. We however do not assert such a

clear causal interpretation due to possible unobserved confounders in the COVID-19 period.

In the baseline regression analysis we use the weighted least square (WLS) estimation

method in which prefecture-level population sizes are used as weights. With this WLS model,

the heterogeneous association of the employment shock with an outcome for a larger

Fig 2. Changes in the unemployment rate and suicide rates. Notes: In all four graphs, the X axis is the size of an employment shock defined as in Eq

(1). The Y axis in panels (b)-(d) is a change in the suicide rate from July 2019 to July 2020. The size of each circle is based on the population size of each

prefecture. The dashed line is the fitted linear regression line based on the Ordinary Least Square (OLS) method. Sources: See S2 Table.

https://doi.org/10.1371/journal.pone.0264829.g002
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prefecture is more highly weighted in a DID estimator. In the section of robustness checks, we

also use the ordinary least square (OLS) estimation method because it is not clear whether a

WLS estimator is more appropriate than an OLS estimator as an estimator of a population

average effect when effect heterogeneity exists [43].

In addition, for the outcomes of the second-tier safety net programs (two temporary loan

programs and Housing Security Benefit), we do not include an individual linear trend ϕi t in

Eq (2) because the levels of these outcomes are negligible in the pre-COVID-crisis period com-

pared with the COVID-crisis period (see panel (f) in Fig 1). As robustness checks, we also pro-

vide estimation results of all of the other outcomes with an estimation model that does not

control for individual linear trends.

One caveat other than the problem of possible confounders, which we will discuss in the

next subsection, is that what we examine is the region-level (i.e., prefecture-level) association

between the employment shock and the outcomes of interest. In this sense, we do not directly

investigate how individual or household-level unemployment is related to individual or house-

hold-level suicide and safety net use. Instead, we examine how the prefecture-level employ-

ment shock is associated with suicide and safety net use for people and households living in

each prefecture. In other words, the parameter βτ reflects not only direct associations between

individual unemployment and individual outcomes, but broader associations between deterio-

rating prefecture-level employment situations and the well-being and living standard of people

and families living in a prefecture.

3.2 Possible confounders

Even if placebo estimates of βτ before January 2020 in Eq (2) are around zero, it is possible that

some regional factors are correlated with both EmpShocki and Yit under the COVID-19 crisis,

resulting in confounding bias in the estimation of βτ after January 2020. Such confounding

regional factors may exist given the fact that the impact of the COVID-19 crisis has spread

through society via various pathways.

In order to mitigate such possible confounding bias, we also estimate the regression model

that incorporates pre-determined cross-sectional covariates interacted with monthly dummy

variables in the COVID-19 period. These terms capture the COVID-19-induced outcome

changes that are better explained by pre-determined factors than by the COVID-19 employ-

ment shock. Time-varying covariates, which are more commonly used in the DID literature,

cannot be obtained in our analysis with monthly panel data.

For the pre-determined covariates, we use the three variables that reflect the intensity of the

COVID-19 crisis and the five variables that represent pre-COVID-19 demographic conditions.

The three covariates of the COVID-19 crisis consist of the cumulative COVID-19 infection

and death rates at the end of the first wave (i.e., at the end of June 2020 based on S1 Fig) and

the monthly average of the Google Mobility index in May 2020, when the first COVID-19 state

of emergency was imposed. All of these variables may affect both the employment shock and

the outcomes of interest and may cause omitted variables bias. The five demographic variables

are the population density measured by inhabitable area, the ratios of employees in the second-

ary and tertiary (i.e., service) industry, the population size, and the elderly dependency rate

(i.e., the ratio between the number of persons aged 65 and over and the number of persons

aged between 15 and 64). See Table 1 for the summary statistics of the eight covariates.

Regarding the Google mobility data, it is taken from Google COVID-19 Community

Mobility Reports [44]. Google provides prefectural data on people’s visits to six categories of

places such as “Grocery and pharmacy”, “Retail and recreation”, “Parks”, “Transit stations”,

“Workplace”, and “Residential”. Each indicator shows the percentage change in the number of
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visitors to (or time spent in) different locations compared to the baseline number computed

from January 3rd and February 6th, 2020. Using four of these mobility measures —“Grocery

and pharmacy’, “Retail and recreation”, “Transit stations”, and “Workplace” —, we calculated

the monthly average values of Google Mobility indicators, following the definition of [45, 46].

See also S2 Fig for nation-level time-series statistics of this mobility index in 2020.

We do not strongly argue that our empirical strategy and the inclusion of the above eight

covariates perfectly solve the problem of estimation bias. In this sense, we interpret our estima-

tion results as associations between the COVID-19-induced employment shock and the out-

comes of interest, which may reflect causal relations from the former to the latter.

3.3 Suicide prevention by safety net

Another limitation of our research design is that we interpret safety net use as an outcome of

financial distress rather than an indicator of financial aid. That is, although it is important to

understand how the safety net programs have prevented suicide under the COVID-19 crisis,

we do not address this question in this paper. This may be disappointing, but the incidences of

suicide and safety net use are expected to be strongly endogenous and we cannot find any

proper exogenous variation that can solve this endogeneity problem.

This limitation, however, does not lead to any confounding bias in our estimation of βτ
because the endogenous relationship between outcome variables is not relevant for our empiri-

cal strategy. We only need to interpret the association between the COVID-19-induced

employment shock and the suicide rate as the one that remained even after the three tiers of

safety net programs and other financial benefits contributed to suicide prevention during and

after the first wave of COVID-19.

4 Results

This section provides baseline estimation results based on WLS regression with and without

covariates. We present results for suicide rates and the three tiers of safety net programs

separately.

4.1 Suicide rates

Fig 3 shows the estimation results for the suicide rates: the left-hand graphs are estimation

results based on Eq (2) using WLS and the right-hand graphs show counterpart results based

on a model that additionally controls for the eight covariates. First, placebo estimates in the

pre-COVID-19 period are more or less zero, implying that there is no clear statistically signifi-

cant correlation between the employment shock and all the outcome trends before January

2020. Second, after January 2020, DID estimates for total, female, and male suicide rates are

positive from May to July and the lower limits of the 90% confidence intervals are often above

or near zero, particularly in July.

Comparing results in the COVID-19 period between the models without the covariates

(right-hand) and with the covariates (left-hand), estimation results are robust in the sense that

the positive estimates in July 2020 remain the same. Given that the right-hand results are less

biased in the sense that some possible confounding factors are controlled for, in the rest of this

paper we discuss the results based on the right-hand graphs. We also interpret that larger con-

fidence intervals in some estimates after controlling for the covariates are partly due to correla-

tions among the treatment variable and the eight covariates: when we regress the treatment

variable on the eight covariates using cross-sectional data, the adjusted R squared is 0.352. We

nonetheless use all eight covariates because the Variable Inflation Factor (VIF) of the treatment

variable is 1.87 and relatively low.
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Fig 3. DID estimates for suicide rates. Notes: Each plot indicates a point estimate and a vertical line indicates a 90% confidence

interval that is calculated based on a robust standard error clustered at the prefecture level. All the outcomes are measured as the

number of suicides per 100,000 people and the treatment variable is the COVID-19-induced employment shock, which is calculated as

Eq (1). Estimates are obtained based on Eq (2) with WLS estimation weighted by prefecture population size. Because Eq (2)

incorporates individual (i.e. prefecture) linear trends, estimates can be obtained from February 2019. See S4 and S5 Tables for the

values of these baseline estimates and standard errors in the COVID-19 period.

https://doi.org/10.1371/journal.pone.0264829.g003
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The sizes of the estimates in July 2020 based on the right-hand graphs suggest that the one-

percentage-point increase in the COVID-19 employment shock in the second quarter of 2020

is associated with 0.522, 0.518, and 0.521-point increases (or 37.4%, 60.5%, and 26.5%

increases from July 2019) in the total, female, and male suicide rates respectively. Note that the

rates of increase are calculated as the estimates divided by the total, female, and male suicide

rates in July 2019, which are 1.394, 0.856, and 1.963 respectively. In August and September,

estimates are around zero, implying that suicides in these months may not directly be related

to the second-quarter employment shock in 2020.

Overall, the DID estimates suggest that the COVID-19-induced employment shocks are

clearly associated with both female and male suicides. Estimates are more or less robust to the

inclusion of the covariates at least in July 2020, just after the second-quarter employment

shock. This indicates that confounding bias may not be serious. At the same time, the associa-

tion between the employment shock and the suicide rate is not clearly observed in August and

September 2020 and this finding is also robust to the introduction of the covariates. This

implies that the COVID-19 employment shock in the second quarter of 2020 may have a

short-run association with suicide in the following month of July 2020, but cannot explain sui-

cide increases in August and September 2020.

The magnitudes of the estimated associations in July 2020 are not small. Simple calculation

based on the estimate for total suicides in panel (b) suggests that if a region with a population

of 10 million experienced a one-percentage point increase in the unemployment rate caused

by the COVID-19 crisis in the second quarter of 2020, which is roughly equivalent to the

third-highest employment shock on Osaka (see Fig 2), this could have been associated with an

additional 52.2 suicides in July 2020. Another simplified back-of-envelop calculation suggests

that if Japan experienced the same one-percentage-point employment shock and there was a

homogeneous nationwide association between the employment shock and the estimated 0.522

point increase in suicides, this could have led to an additional 657 suicides when the counter-

part monthly suicide number was 1,761 in July 2019. Note that 657 is calculated as 1,258 times

0.522, where 1,258 hundred thousand (i.e. 125.8 million) is Japan’s estimated population in

July 2020).

4.2 Safety net use

When it comes to the relation between the COVID-19-induced employment shock and safety

net programs, we provide three figures that represent estimation results for the first, second,

and third-tier safety net programs respectively.

First, Fig 4 provides estimation results for year-on-year unemployment benefit numbers,

the first-tier safety net. As in Fig 3, the left-hand results are based on Eq (2) using WLS and the

right-hand results are based on the model that controls for the eight covariates. Note that we

also examine the original, not year-on-year, outcome but some differential pre-trends for this

outcome are not properly controlled for.

To begin with, estimates are slightly increasing but not significantly different from zero in

the COVID-19 crisis period if no covariates are introduced in the regression model (left

graphs). However, after controlling for the covariates, estimates in the COVID-19 period get

larger for all three outcomes, particularly for the outcome of female recipients (right graphs).

In July 2020, the one-percentage-point increase in the employment shock is associated with

approximately an additional 27.9 total unemployment benefit recipients per 100,000 popula-

tion (panel (b)).

Second, Fig 5 provides estimates for the second-tier safety net programs: the two temporary

loan programs and the Housing Security Benefit. In the COVID-19 period, panels (a) to (d)
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Fig 4. DID estimates for unemployment benefit recipients. Notes: Each plot indicates a point estimate and a vertical line indicates a 90%

confidence interval that is calculated based on a robust standard error clustered at the prefecture level. All the outcomes are measured as the

number of recipients per 100,000 people and the treatment variable is the COVID-19-induced employment shock, which is calculated as Eq (1). An

outcome variable is year-on-year and calculated as the difference between an outcome value at month t and an outcome value at month t−12.

Estimates are obtained based on Eq (2) with WLS estimation weighted by prefecture population size. Because Eq (2) incorporates individual (i.e.

prefecture) linear trends, estimates can be obtained from February 2019. See S6 and S7 Tables for the values of these baseline estimates and standard

errors in the COVID-19 period.

https://doi.org/10.1371/journal.pone.0264829.g004
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show that the estimates for the temporary loan programs in the COVID-19 periods are positive

and these results are robust to the inclusion of the covariates, while the lower limits of the

confidence intervals in panel (b) are below zero in the COVID-19 period. Panel (e) shows a

positive association between the employment shock and Housing Security Benefit in the

Fig 5. DID estimates for second-tier safety net programs. Notes: Each plot indicates a point estimate and a vertical line indicates a 90% confidence

interval that is calculated based on a robust standard error clustered at the prefecture level. All of the outcomes are measured as the number of accepted

applications per 100,000 people and the treatment variable is the COVID-19-induced employment shock, which is calculated as Eq (1). Estimates are

obtained based on Eq (2) with WLS estimation weighted by prefecture population size. Individual linear trends are not introduced due to

discontinuously smaller outcome values in the pre-COVID-19 period. For the outcome of Emergency Small Amount Funds and General Support

Funds, data for February and March 2020 is missing. For the outcome of the Housing Security Benefit, the reference year is March 2019 instead of

January 2020 due to the lack of data during April 2019 and March 2020. See S8 and S9 Tables for the values of these baseline estimates and standard

errors in the COVID-19 period.

https://doi.org/10.1371/journal.pone.0264829.g005
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COVID-19 period, but it disappears once the covariates are controlled for in panel (f). At the

peak, the one-percentage-point increase in the employment shock is associated with an addi-

tional 87.8 accepted applications for General Support Funds in July 2020 (both per 100,000

population, panel (d)).

Note that the numbers of accepted applications for these programs are discontinuously

smaller in the pre-COVID-19 period, so the pre-COVID-19 estimates and confidence intervals

can be obtained but are negligibly smaller than those in the COVID-19 period. This may be

one drawback of the examination of pre-trends for these outcomes, but it also means that

there are at least no significant differential trends for these outcomes in the pre-COVID-19

period. We also do not incorporate individual linear trends due to this feature. As for the

Housing Security Benefit, for which we have very limited prefecture-level monthly data in the

pre-COVID-19 period (i.e., only January to March 2019), we at least know that the number of

accepted applications discontinuously increased in 2020 at the national level: the average

monthly number of accepted applications in fiscal year 2019 (from April 2019 to March 2020)

in the whole of Japan was only 331, whereas the corresponding numbers in April, May, and

June 2020 were 3,409, 27040, and 34,867 respectively (based on the statistics of MHLM).

Third, Fig 6 provides estimation results for year-on-year public assistance benefits: panels

(a) and (b) present estimates for the number of recipients and panels (c) and (d) for the num-

ber of recipient households. All of the graphs show that estimates in the COVID-19 period are

clearly increasing and positive while estimates in the pre-COVID-19 period are around zero.

Introduction of the covariates leads to smaller estimates and larger confidence intervals in the

COVID-19 period, but baseline findings remain the same—as already discussed, these larger

confidence intervals may be explained by correlations among the treatment and the eight

covariates. The one-percentage-point increase in the employment shock is associated with

approximately an additional 9.7 and 11.6 public assistance recipients per 100,000 population

in July and September 2020, respectively (panel (b)). Note that we also examine the original,

not year-on-year, outcome but differential pre-trends are not properly eliminated for this out-

come, particularly when individual linear trends are not incorporated.

Overall, these estimation results imply that the employment shock under the COVID-19 is

positively associated with increases in safety-net utilization in all three tiers of programs in the

COVID-19 period. The maximum estimate for each outcome suggests that a higher employ-

ment shock is associated with higher utilization. This association is stronger in the case of the

two temporary loan programs in the second-tier of the safety net then in the case of the unem-

ployment benefit, which is the first-tier program. Smaller estimates for unemployment-benefit

utilization than those for the temporary loan programs may be explained by the fact that the

unemployment-benefit coverage rate is low in Japan and that COVID-19-induced employ-

ment shocks are more concentrated on contingent workers who are often not eligible for

unemployment benefits (Section 2.2).

In addition, even smaller estimates for the third-tier program of public assistance suggests

that people facing unemployment and income reduction under the COVID-19 crisis tend to

rely on the temporary loan programs rather than public assistance. Given the fact that these

temporary loan programs were rarely used in the pre-COVID-19 period, the role of these pro-

grams as a safety net in the COVID-19 crisis stands out.

Finally, while the estimates for the temporary loan programs peaked in June or July 2020

(Fig 5), the estimates for public assistance continued to increase through the third quarter of

2020 (Fig 6). This may imply that a certain portion of the unemployed people who used the

second-tier safety net programs had to move to public assistance, because the second-tier pro-

grams are temporary and their loan and benefit levels are rather limited.
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5 Robustness checks

This section provides three different robustness checks. First, we implement regressions using

different estimation settings while using the same treatment and outcome variables. Second,

we change the reference period from January 2020 to all pre-COVID-19 months in the sample,

namely January 2020 and earlier. Third, we re-analyze the same baseline models using an alter-

native treatment variable discussed in Section 2.3.

5.1 Weighting and individual trends

Our first robustness check is to present estimation results based on two regression weighting

schemes (OLS or WLS) and two model specifications (with or without individual linear trends

ϕi t in Eq (2)), using the same treatment and outcome variables as in the baseline estimation.

The rationales for these robustness checks are as follows. First, as Solon et al. [43] argue, it is

not clear a priori whether OLS or WLS regression is more suitable for estimating a population

average effect, so we compare OLS and WLS estimates and discuss how they differ and why.

Second, while incorporating individual linear trends may be effective for controlling for

Fig 6. DID estimates for public assistance. Notes: Each plot indicates a point estimate and a vertical line indicates a 90% confidence interval that is

calculated based on a robust standard error clustered at the prefecture level. All of the outcomes are measured as the number of recipients or recipient

households per 100,000 people and the treatment variable is the COVID-19-induced employment shock, which is calculated as Eq (1). An outcome

variable is year-on-year and calculated as the difference between an outcome value at month t and an outcome value at month t−12. Estimates are

obtained based on Eq (2) with WLS estimation weighted by prefecture population size. Because Eq (2) incorporates individual (i.e. prefecture) linear

trends, estimates can be obtained from February 2019. See S10 and S11 Tables for the values of these baseline estimates and standard errors in the

COVID-19 period.

https://doi.org/10.1371/journal.pone.0264829.g006
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observed and unobserved differential trends across prefectures, it is useful to examine whether

estimation results change if we use a simpler model without individual linear trends.

Estimation results suggest that our primary findings for suicide and all the safety net pro-

grams are robust to these different estimation settings except for a few cases. First, S3 Fig

shows that estimates for total, female, and male suicide rates in July 2020 are positive and

mostly significantly different from zero regardless of estimation settings and the addition of

the covariates. Second, S4 Fig illustrates that estimates for unemployment benefit recipients

are also increasing during the COVID-19 period although some estimates for male unemploy-

ment benefit recipients are not significantly different from zero. Third, in S5 Fig, estimation

results for the second-tier programs (i.e., temporary loans and Housing Security Benefits) do

not change much under different weighting schemes; as in the baseline analysis we do not

incorporate linear individual trends due to discontinuously smaller pre-COVID-crisis out-

come values. Fourth, S6 Fig shows, once individual trends are controlled for, both OLS and

WLS estimates for public assistance are increasing and positive in the COVID-19 period

regardless of the introduction of the covariates, although standard errors are larger if the

covariates are incorporated. If individual linear trends are not incorporated, pre-COVID-19

estimates for public assistance outcomes fail to be around zero and positive, implying that DID

estimates in the COVID-19 period under this specification have a downward bias.

For most outcomes, WLS estimates during the COVID-19 period tend to be higher than

the counterpart OLS estimates. We interpret larger WLS estimates as reflecting heterogeneous

employment-shock associations with suicide across prefectures: as Fig 2 indicates, prefectures

with larger populations may be more clearly associated with the employment shocks and the

WLS estimation puts more weights on these prefectures.

5.2 A different reference period

We also provide a different robustness check in which all months before January 2020 are

included in the reference period in addition to January 2020 as follows:

Yit ¼
X

t>Jan:2020

btEmpShocki � 1½t ¼ t� þ pi þ yt þ �it þ εit; ð3Þ

where the notation of τ 6¼ Jan.2020 in Eq (2) is changed to τ> Jan.2020. Because the pre-

COVID-19 outcome trends are not correlated with the treatment variable in the baseline esti-

mations based on Eq (2), including all pre-COVID-19 months in the reference period may

improve precision by averaging out noise in monthly pre-COVID-19 outcomes without

increasing estimation bias.

Supporting information provides the estimation results of this robustness check for the sui-

cide rates (S4 and S5 Tables), unemployment benefit recipients (S6 and S7 Tables), second-tier

safety net programs (S8 and S9 Tables), and public assistance (S10 and S11 Tables). In each

table, we also provide the baseline estimates in the COVID-19 period that are presented in Figs

3–6 for comparison.

The estimation results of these robustness checks show that we robustly observe similar

findings to those in the baseline estimations when we change the reference period from one

pre-COVID-19 month to all pre-COVID-19 months. This implies that our results are not

driven by specific pre-COVID-19 outcome values in January 2020. In particular, for the sec-

ond-tier safety net programs, the inclusion of all pre-COVID-19 months in the reference

period results in only subtle changes in estimates because their pre-COVID-19 benefit levels

are discontinuously smaller than those in the COVID-19 period.
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5.3 An alternative treatment

As a final robustness check, we present DID estimation results using an alternative treatment

variable of the “full-time” employment shock described in Section 2.3. We provide estimation

results based on all four estimation schemes presented in Section 5.1: OLS without linear

trends, OLS with linear trends, WLS without linear trends, and WLS with linear trends.

Our estimation results can be summarized as follows. First, contrary to our main findings,

estimates for suicide in the COVID-19 period are not significantly different from zero regard-

less of the addition of the covariates (S7 Fig). Second, estimation results for all three tiers of

safety net programs are similar to the baseline results in the sense that estimates are often posi-

tive and significantly different from zero in the COVID-19 period (S8–S10 Figs). Significant

decreases in estimates for Housing Security Benefit with the introduction of the covariates are

also observed in this alternative analysis (S9 Fig). At the same time, estimates for unemploy-

ment benefit recipients are smaller when the covariates are incorporated (S8 Fig) and modest

differential pre-trends are observed in the results for public assistance outcomes (S10 Fig).

These results also suggest that the “full-time” employment shocks have different characteristics

than the baseline employment shocks.

No significant association between the “full-time” employment shock and suicide may be

explained by the fact that the baseline employment shocks and the “full-time” employment

shocks capture partly different COVID-19-induced economic shocks. In fact, S11 Fig shows

that the baseline employment shocks (X axis) are largest in prefectures in metropolitan areas

or with popular sightseeing spots (e.g. Okinawa, Kanagawa, Osaka, Nara, Hokkaido, Hyogo,

Tokyo, Saitama, Chiba, and Kyoto) whereas the alternative “full-time” employment shocks (Y

axis) tend to be largest in prefectures with major manufacturing regions (e.g. Gifu, Aichi, Shi-

zuoka, Shiga, Hiroshima, Toyama,and Mie). We speculate that there being no association

between the “full-time” employment shocks and suicide is related to the fact that registered

full-time-job seekers, who are taken into account in this alternative treatment variable, are

more resilient to the risk of suicide. This may also be related to the fact that registered full-

time-job seekers are often eligible for unemployment benefits, but further investigation is

required.

6 Discussion and conclusion

Exploiting regional variations in the employment shocks caused by the COVID-19 crisis, this

paper examines whether the COVID-19-induced employment shocks in the second quarter of

2020 are associated with increases in suicide and safety net use in the second and third quarters

of 2020.

Our estimation results suggest that the COVID-19-induced increase in unemployment is

associated with both suicide rates and safety net utilization. The sizes of the estimates are not

socio-economically negligible. For example, let us consider a stylised region or prefecture with

a population of 10 million where the COVID-19-induced economic shock is one percentage

point in the second quarter of 2020 under the first COVID-19 state of emergency. In this

region, this employment shock would then be associated with an additional 52 suicides, 2,790

recipients of the unemployment benefit, 8,780 recipients of a temporary loan program (i.e.

General Support Funds), and 970 recipients of public assistance in July 2020.

In particular, the sizes of the estimates for suicide rates in our analysis are much higher

than the corresponding previous estimates. Although previous studies use different data

(mostly cross-country or cross-region yearly panel data) and different research designs

(including correlational studies without explicit empirical strategies), our baseline estimation

result of a 37.4% increase in the suicide rate associated with a one-percentage-point increase in
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the unemployment rate is much higher than has been observed in the past. For example, the

baseline estimate in Ruhm [23] is a 1.3% increase in the suicide rate. A systematic review of

Fransquilho et al. [34] examines and summarizes many related studies, some of which show

that a one-percentage-point increase in the unemployment rate is associated with a 0.79–4.5%

increase in the suicide rate, although this review does not systematically compare estimation

results in different studies.

There may be several reasons behind our larger estimates although direct comparisons with

other studies are difficult. First, our study is primarily correlational rather than causal and

there is a possibility that confounding upward bias causes such large estimates. The addition of

the eight covariates does not change the estimates much, but it is still possible that such con-

founding bias exists. Second, the above comparisons with the previous studies are based on

our maximum monthly estimate in July 2020, which can be larger than the yearly estimates

that most previous studies present. To obtain a counterpart yearly averaged estimate is impos-

sible or misleading because of the short-term feature of our employment-shock treatment vari-

able. Third, one simple interpretation is that the sharp employment shock in the second

quarter of 2020 under the COVID-19 crisis may have resulted in unusual short-term impact

on suicide and suicidal ideation, likely in interaction with other factors. This interpretation

may be plausible, but more rigorous analysis is required to determine the plausibility of this

interpretation.

In conclusion, our findings of association between the employment shock during the first

wave of COVID-19 and suicide and safety net use implies that the increase in COVID-

19-related unemployment has been associated with non-negligible increases in suicide and

financial distress. At the same time, due to the limitations of our aggregated data and the scope

of our research design, this paper cannot disentangle more precisely the interplay between

unemployment, mental and financial distress, and safety net participation under the COVID-

19 crisis and its causal mechanisms. These topics should be examined in future studies.
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