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Abstract

Progressive tax and transfer schedules serve a redistributive role by transferring from high-income
to low-income individuals, but they also serve an insurance role by transferring from the high-
income years to the low-income years within each person’s lifespan. This paper examines how
the design of the tax and transfer system provides insurance against income risks by studying
the two largest economic shocks faced by working-age households: layoffs and illness. Using 1.6
million layoffs and 1.2 million hospital stays linked to Canadian tax records, I first show that both
events cause persistent declines in earnings lasting more than six years. The full tax and transfer
system provides substantial insurance against these risks, shrinking the percentage of income lost
post-layoff by 40% and post-hospitalization by 60%, which I estimate to be worth 7-10% of total
post-event consumption. But less than half of this social insurance comes from the unemployment
and disability insurance programs that formally insure these risks. The progressive shape of taxes
and transfers provides the majority of social insurance, and is especially important for reducing
the risk of catastrophic income losses and mitigating inequality in the income risks of layoffs and
hospitalizations. Using a dynamic model, I find that the insurance value of redistributive taxes
and transfers is considerable across the entire income distribution, and is more than twice as
large at the bottom of the income distribution than at the top.
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1 Introduction

Think of the federal government as a gigantic insurance company with a sideline

business in national defense.
— Peter Fisher, U.S. Treasury, 2003

Providing insurance against economic risk is one of the central roles of modern governments.
Spending on formal social insurance programs such as health, retirement, unemployment and
disability insurance consumes more than 50 percent of the U.S. federal budget, and an even larger
share of government expenditures in other high-income countries (Chetty and Finkelstein 2013;
Gruber 2016). But even these large-scale insurance programs represent only part of the insurance
provided by the government. The entire system of taxes and transfers redistributes not just from
high-income to low-income individuals—it also redistributes within each person’s lifespan from
high-income years to low-income years. In other words, redistributive taxes and transfers provide

insurance against income risk.

This paper examines how much insurance value is generated by progressive taxes and transfers and
how that insurance is distributed across the income distribution. Using a panel of 1.6 million layoffs
and 1.2 million hospital stays linked to population income tax records in Canada, I study how these
risks—the two largest sources of income risk for working-age households—are insured by the tax and
transfer system. The qualitative fact that redistributive taxes and transfers are a source of social
insurance has been well established in the theoretical literature on optimal taxation (Varian 1980;
Eaton and Rosen 1980; Farhi and Werning 2013) and is an implicit input into formulas for optimal
social insurance parameters such as the optimal level of unemployment insurance benefits (Baily
1978; Chetty 2006b). My empirical analysis uses newly linked administrative databases to contribute
a new set of quantitative facts. First, redistributive taxes and transfers are the largest source of
social insurance against the income risks of hospitalization and layoffs in Canada, exceeding the
insurance value of the social insurance programs that formally insure these risks—unemployment
and disability insurance. Second, the progressive shape of the tax and transfer schedule reduces
the risk of catastrophic income losses and mitigates the inequality in income risks from layoffs
and hospitalizations, which cause disproportionate losses to low-income individuals. These results
imply that progressive tax and transfer schedules provide a higher degree of progressivity than their
statutory rates would suggest. The results also imply that the optimal parameters of formal social

insurance programs are highly sensitive to changes in redistributive policy.



I begin by developing a stylized model of the value of social insurance against income risk, which
guides the parameters I subsequently estimate in my empirical analysis. The model details how
the total insurance value provided by taxes and transfers can be defined as a person’s willingness
to pay to avoid replacing the entire tax and transfer system with the linear tax rate that holds
their expected consumption constant. I decompose this total insurance value into the components
provided by formal social insurance programs and by progressive taxes and transfers. I also show
that if individuals’ utility function is logarithmic in consumption, then the changes in log income
following a shock are sufficient statistics which can be used to directly measure and decompose the

insurance value of taxes and transfers.

My empirical analysis of social insurance uses an event study specification with a matched research
design to identify the causal effects of layoff events and hospitalization events on subsequent income,
measured before and after taxes and transfers.! I match 25- to 54-year-old workers who experience
a layoff or a hospitalization event between 2003 and 2010 to a comparison group of workers with
identical demographic characteristics and nearly identical individual and household income in the
third year prior to the event.? Every year, 3% of the individuals in my sample are laid off and 2%
are hospitalized. I compare the income trajectories of these workers to the matched comparison
group using a non-parametric event study specification. The event study estimates reveal that the
earnings trajectories of laid off and hospitalized workers were on parallel trends with their matched
comparison group for more than a decade leading up to the adverse event. I observe that layoffs
and hospitalizations cause substantial declines in earnings that persist at least 12 years (to the end
of my panel), consistent with the longstanding literature documenting persistent earnings losses
post-layoff (Jacobson, LaLonde, and Sullivan 1993; Davis and von Wachter 2011) and a more recent
literature documenting persistent earnings losses post-hospitalization (Garcia-Gémez et al. 2013;

Fadlon and Nielsen 2017; Dobkin et al. 2018).

I estimate that the insurance provided by the full tax and transfer system is worth 8-10% of post-
layoff consumption and 7-9% of post-hospitalization consumption during the six years that follow
the adverse event. These estimates reflect the fact that post-layoff income declines by an average of
22% before taxes and transfers and by only 13% after taxes and transfers, while post-hospitalization

income declines by 14% before and by only 6% after taxes and transfers. The insurance value of these

T observe all layoffs (regardless of whether they occurred in a mass layoff) and all inpatient hospital stays, and I
exclude childbirth-related hospitalizations from the analysis.

2All of the variables used for matching are measured in the same year, therefore placing no constraints on the
pre-trends.



reductions in income risk is robust to any degree of consumption smoothing that individuals perform
during the six post-event years, but the magnitudes I report reflect an assumed utility function that
is logarithmic in consumption (i.e. constant relative risk aversion with a CRRA coefficient of 1).
Prior evidence from the elasticity of individuals’ labor supply to wages implies that individuals’ risk
aversion over long-run income changes can be reasonably approximated by a logarithmic utility
function (Chetty 2006a). Assuming a higher level of risk aversion, however, would increase the
insurance value of the tax and transfer system and raise the share of that social insurance provided

by redistributive taxes and transfers relative to formal social insurance programs.

Only 45% of social insurance following a layoff and 26% of social insurance following a hospitalization
comes from the unemployment and disability insurance benefits that formally insure those risks—
more than half of social insurance comes from the progressive shape of the tax and transfer schedule.?
Redistributive transfers provide social insurance in two ways: by replacing lost income with increased
transfers, and by providing a stream of stable transfer income which buffers labor market risks by
reducing the share of total income sensitive to earnings changes. Progressive taxes provide social
insurance by reducing the effective tax burden of individuals who experience income losses, since

marginal tax rates exceed average tax rates under a progressive tax schedule.

The insurance provided by redistributive taxes and transfers has an especially large effect on reducing
the risk of catastrophic income losses. Layoffs increase the probability that an individual loses more
than half their income by 5.0 percentage points after unemployment and disability benefits are
received, but by only 2.6 percentage points after all taxes and transfers. Hospitalizations increase
the probability of losing more than half one’s income by 3.4 percentage points after unemployment

and disability benefits are received, but by only 1.5 percentage points after taxes and transfers.

The insurance value of redistributive taxes and transfers is also highly progressive and therefore
mitigates the inequality in the income risk from layoffs and hospitalizations. Progressive taxes and
transfers completely flatten the gradient in income losses following a layoff which, before taxes and
transfers, range from a 26% average income loss in the bottom income quintile to a 19% loss in the
top quintile. Post-layoff income losses after taxes and transfers vary between only 12% and 14% at
all income levels. The insurance value of taxes and transfers against hospitalization risk is even

more progressive than against layoff risk, driven by higher replacement rates from redistributive

3Formal social insurance benefits following a layoff are almost entirely (98%) drawn from unemployment insurance
and formal social insurance benefits following a hospitalization are almost entirely drawn from disability insurance
(also 98%).



transfer income (which peak at 43% in the bottom income quintile). The progressivity of social
insurance against hospitalization risk offsets but does not eliminate an even larger inequality in
income losses, which range from an average of 29% in the bottom income quintile to 5% in the top
quintile before taxes and transfers. Post-hospitalization income losses after taxes and transfers range

from 9% in the bottom quintile to 4% in the top quintile, cutting the after-tax gradient by half.

Using a dynamic model, I show that the ex ante insurance value of the tax and transfer system
against the income risks of layoffs and hospitalizations alone exceeds $400 annually at all income
levels, and exceeds $1 000 per year in the bottom income quintile. Since the distinction between
insurance and redistribution depends which income changes are anticipated by individuals, I can
bound the total insurance value of the tax and transfer system using bounds on the information
set that individuals use to anticipate their future income. Assuming layoffs and hospitalizations
are unanticipated three years prior to the event, the total insurance value of taxes and transfers
lies between the insurance value against layoff and hospitalization risk alone and the insurance
value against all income variation conditional on the demographic and lagged income variables
that I observe three years prior (which assumes that individuals have no private information about
their income dynamics beyond the information observed by the econometrician).* Building on the
framework developed by Hoynes and Luttmer (2011), I find that the maximum insurance value
of the tax and transfer system is approximately four times larger than its insurance value against
layoff and hospitalization risk at all income levels, ranging from over $4 000 per year at the bottom
of the income distribution to under $2 000 per year at the top. The progressivity of the insurance
value of taxes and transfers reflects the fact that incomes are more volatile at lower income levels,
and implies that progressive tax and transfer schedules generate a greater degree of progressivity

than their redistribution would suggest.

The large share of total social insurance provided by progressive taxes and transfers implies that
the optimal parameters of unemployment and disability insurance are highly sensitive to changes
in redistributive policy. Optimal social insurance formulas trade off the consumption smoothing
value of social insurance benefits against the cost of the behavioral distortions that they generate.
Under very general conditions, this trade-off can be expressed as a function of the behavioral
elasticity to changes in benefits and the consumption drop following an adverse event, which is an

implicit function of the tax and transfer schedule (Baily 1978; Chetty 2006b). However policymakers

4The assumption that layoff events are unanticipated three years prior to the layoff is consistent with the direct
evidence in Hendren (2017).



frequently change redistributive tax and transfer policy for reasons unrelated to social insurance,
and many formal social insurance programs (such as disability insurance) apply uniform program
parameters across multiple jurisdictions (such as states or provinces) with substantial variation in
tax and transfer progressivity. Variation in tax and transfer policy over time or space will alter the
consumption drop following an adverse event, thus changing the optimal parameters of formal social

insurance programs.

The remainder of the paper is organized as follows. Section 2 details the economic model that I use
to measure and decompose the insurance value of taxes and transfers. Section 3 explains the data
and the matched event study research design that I use to estimate the social insurance of layoff
and hospitalization risk. Section 4 presents the results describing the size, sources and distribution

of insurance value generated by taxes and transfers. Section 5 concludes.

2 Economic Model

I develop a simple economic model to examine the value of the insurance against income risk
provided by tax and transfer programs. This model illustrates how the insurance value provided by
the government can be decomposed into the portions provided by formal social insurance benefits
and by redistributive taxes and transfers. The model also identifies the conditions under which the
reduced form results I estimate in Section 4 are sufficient statistics which can be directly interpreted

as measures of the welfare generated by social insurance.

2.1 Model Setup

This section lays out a stylized model of the social insurance of income risk. Individuals face the
risk of an income shock at the beginning of the first period, after which their income path is known
with certainty. I consider individuals’ utility over a fixed time horizon and abstract from savings
and labor supply decisions. By simplifying these aspects of economic behavior, the model provides
transparent partial equilibrium formulas identifying the key economic parameters determining the

insurance value of taxes and transfers.

Income Shock. At the start of period ¢ = 0, an individual experiences an adverse income shock with

probability p. Throughout this section, I use superscript N.S to denote the state of the world where



no shock occurred and use superscript S for the state of the world where the shock occurred. The
realization of the shock determines the trajectory of the individual’s gross income before taxes and

transfers (y;;) over the T + 1 period discrete time horizon: {y}5} L, or {y;}E .

Taxes and Transfers. 1 assume for now that individuals consume hand-to-mouth, which implies
that consumption c;; is equal to net income after taxes and transfers in each period. (Section 2.3
shows how the formulas change if individuals have access to frictionless credit markets and perfectly
smooth their consumption, and I consider both possibilities in the empirical results.) I parametrize

the shape of the tax and transfer system as

Cit = C(yit, wit|0, )\, 7') = )‘(yzt + wi + 9)1—7 (1)

In this formula w;; represents benefits received from formal social insurance programs such as
unemployment or disability insurance, which can depend on the realization of the shock and the
history of gross earnings {y;s}!_,. The 6 term is an unconditional transfer which, conditional on
the other parameters, determines consumption when earnings and formal social insurance benefits
are zero. The progressivity of the tax and transfer system is determined by (1 — 7). Formally,
(1 — 7) is the elasticity of after-tax-and-transfer consumption to pre-tax income (y;z + wi + 6). If
7 = 0 then taxes and transfers are linear with a slope of (1 — A). If 7 > 0 then taxes and transfers
are progressive with marginal tax rates everywhere above average rates. Conditional on the other
parameters, A determines the overall level of taxation and pins down the total amount of government

revenue. 5

This functional form for the tax and transfer system is an adapted version of a two-parameter
specification (¢;; = )\yilf) with a long history in public finance (Musgrave 1959; Feldstein 1969;
Kakwani 1977; Bénabou 2000; Bénabou 2002). Heathcote, Storesletten, and Violante (2017) show
that this two-parameter system provides an excellent empirical fit to the U.S. statutory tax and
transfer schedule in 2000-2006. The fit is weakest at the bottom of the income distribution, where
after-tax consumption is higher than predicted. Adding an unconditional transfer parameter

improves the empirical fit of the specification to both the U.S. and Canadian effective tax and

transfer schedules (Appendix Figure 1).

®The parameters A and 7 capture the shape of the tax and transfer system (excluding formal social insurance
benefits and the unconditional 6 transfer). They do not isolate the shape of the statutory income tax schedule.



Utility. Individuals’ period utility is a function of consumption, u(c;). Individuals discount the
future with a discount rate (3, so that present utility is U ({Cit}?:(]) = ZtT:o Btu(cy). T assume that
individuals’ discount rate 8 is equal to 1 divided by the interest rate, so that utility and dollars are

discounted at the same rate.

The individual’s expected utility in period ¢ = 0 is:

EU; = (1 - p)UiNS +pUiS
T

T
=(1-p) Zﬁtu(c (v, i 10,7, 7) ) +p2ﬁtu<6 (v wi10. 0. 7) )
t=0

t=0
2.2 Decomposition of Insurance Value

I measure the insurance value of tax and transfer programs in terms of equivalent variation. To
do so, I first consider the change in welfare from replacing the entire tax and transfer system
with a counterfactual linear tax rate that holds government revenue and the individual’s expected
consumption constant. I then measure the change in consumption under the baseline tax and transfer
system that would generate an equivalent change in welfare. After calculating this valuation of
insurance from the full tax and transfer system, I decompose the insurance value into the component
provided by formal social insurance benefits and the component provided by taxes and transfers

that are not conditioned on the realization of the shock.

Insurance Value of the Full Tax and Transfer System. What is the value of the insurance against
income risk provided by the full set of tax and transfer programs operated by the government,
including formal social insurance benefits? I answer this question by measuring how social welfare
would change if the entire tax and transfer system were replaced with a linear tax while holding
government revenue constant.5 The formula for the revenue-neutral linear tax rate (1 — th) is
derived in Appendix Section A.2.7 I assume that there are no behavioral responses to changes in
the tax and transfer system, which implies that a revenue-neutral change to the tax and transfer

system also holds individuals’ expected consumption constant.

50ne could also consider the insurance value of the tax and transfer system relative to a system of lump sum
taxation, as in Hoynes and Luttmer (2011). Appendix Section A.4 derives the insurance value provided by the tax and
transfer system relative to lump sum taxation. Throughout the paper I measure the insurance value of the observed
tax and transfer system relative to a counterfactual linear tax because, in practice, most policy variation exists in the
progressivity of the tax and transfer system.

"Throughout this section, I use hats = to denote values under a counterfactual tax and transfer system.



Expected utility under the counterfactual linear tax system is

tot ——tot /\tot

EU; = (1—pUNS  +pUP

—p) zT:ﬂtu (XtotygS) —i—pzT:Btu (Xtotyist)
t=0 t=0

The insurance value of the full tax and transfer system is defined as the equivalent variation Z!,
which measures how much consumption would have to change under the baseline tax and transfer

system in order to generate the same expected utility as the counterfactual linear tax:

EUi(ZfOt )= ( Zﬁt ( ZtOt)> pzT:Btu (Cg(l . ZfOt)> _ Eﬁ\itot @)

t=0

A result of Z!°" = 0.1 would imply that individuals are willing to pay up 10% of their consumption
in all periods to avoid replacing the tax and transfer system with a linear tax. Put another way,
switching to a linear tax would cause a welfare change equivalent to destroying 10% of consumption

in all periods.

I also define the insurance value of the tax and transfer system ex post, after the shock is realized,

tot and ZZ-NS’tOt

as the values ZiS ' which satisfy:

T ——to
I (7t Z Bru(ch(1 - 21)) = 3 lu (Nelyl) = U7 for J € {S,NS}  (3)

%
t=0

In other words, a person who experiences the shock values the insurance provided by the tax and

Zf,tot

transfer system ex post as being equivalent to percent of their consumption in all periods.

Component 1: Insurance Value of Progressive Taxes and Transfers. How much insurance is provided
by the progressivity of taxes and transfers, over and above the insurance provided by formal social
insurance programs? I isolate the insurance value coming from the portion of the tax and transfer
system not conditioned on the realization of the shock by considering a second counterfactual.
Suppose formal social insurance benefits were kept as-is while a revenue-neutral linear tax rate of

(1- 3\97) replaced the rest of the tax and transfer system.® In this new counterfactual, expected

8 Appendix Section A.2 derives the value of N7 that holds government revenue constant when progressive taxes
and transfers are replaced with a linear tax (7 = 0,60 = 0) while formal social insurance benefits (w;;) are unchanged.



utility is

0

—0 — 0T —=01
EU;, = (1—p)UNS +pUS

T T
= (1=p) Y B'u (N7l + w9 +p> Blu (M7 (5 +w3)
t=0 t=0

The insurance value of progressive taxes and transfers is defined by the equivalent variation that
generates the same expected utility, analogously to equations (2) and (3) above. Before the shock
is realized, the individual would be willing to give up ZfT percent of their consumption in all
periods in all states to avoid replacing progressive taxes and transfers with a linear tax, where
RU;(Z97) = E/U\Z-GT. After the shock is realized, an individual who experiences the income shock
values the insurance provided by progressive taxes and transfers as being equivalent to ZiS b7 percent

. .. . S/ 8,07 =507
of their consumption in all periods, where U?(Z"") =U? .

Component 2: Insurance Value of Formal Social Insurance. What is the value of the insurance
provided by formal social insurance programs, such as unemployment and disability insurance?
When utility is non-linear, the insurance value of the full tax and transfer system is not equal to the
sum of its parts (Hoynes and Luttmer 2011).Y For risk averse individuals, when each component of
the tax and transfer system provides strictly positive insurance value then the sum of the insurance
values of each component will be less than the insurance value of the whole tax and transfer system.
It is therefore instructive to consider two types of insurance value decompositions: a piecewise

decomposition and a sequential decomposition.

The piecewise decomposition measures the insurance value of formal social insurance benefits while
holding the progressivity of the rest of the tax and transfer schedule fixed. Suppose that formal social
insurance benefits w;; were eliminated and rebated by adjusting the linear portion of the tax schedule
to A“.10 Then for each realization of the shock J € {S, NS}, the individual’s utility would be
E'?w =7 Blu (X‘*’(y;; + 9)1_T>. Conditional on the realization of the shock, the insurance value

—w
of formal social insurance benefits is the equivalent variation sz] “ that satisfies U/ (Z,j] N=U0S .

The sequential decomposition separates the insurance value of the full tax and transfer system into

the share of insurance provided by the progressivity of taxes and transfers and the remaining share

9When utility is linear, individuals are risk neutral and place zero value on insurance from the whole tax and
transfer system as well as each of its components.

10 Appendix Section A.3 derives the value of ¢ that holds government revenue constant when formal social
insurance benefits are eliminated (w;;: = 0) while leaving the progressivity of the tax and transfer schedule unchanged.

10



of the insurance provided by formal social insurance benefits. In this case, the order in which these
two components are considered matters for the result. Suppose, as before, that we replace all taxes,
transfers and social insurance benefits with a revenue-neutral linear tax rate of (1 — Af!). Doing
so has a welfare effect equivalent to scaling consumption in all periods by (1 — Z!!), as defined in
equation (2). Eliminating the progressivity of the tax and transfer while maintaining the formal social
insurance programs has a welfare effect equivalent to scaling consumption in all periods by (1 — Zf 7).
Therefore if we additionally eliminated formal social insurance benefits, the effect on welfare would be
equivalent to further scaling consumption by (1—Z%") = (1— Z!)/(1— Z7). Expressed conditional
on the realization of the shock, the sequential value of formal social insurance benefits after the
progressivity of taxes and transfers has been eliminated is (1 — Z;’ @Y= (1 - zN 11— 770,

This sequential decomposition of equivalent variation can be defined formally as
Iy J07- " Je‘l' Jw! d ¢ Ntot, Jy 7757
v/ (2 ZB (i J(1 = Z)) =3 Bru(Nety ) =US for JE{S, NS} (4)
t=0

When the baseline tax and transfer system is progressive, the insurance value of formal social
insurance under the sequential decomposition ZZTI “" il be larger in magnitude than the insurance
value under the piecewise decomposition Z{] *“_ This relationship occurs because, for risk averse
individuals, the insurance provided by formal social insurance benefits is more valuable under a

linear tax and transfer system than under a progressive tax and transfer system.

2.3 Sufficient Statistics with Log Utility

This section shows that when individual utility is logarithmic in consumption, the insurance value
of the tax and transfer system for someone who experiences the shock can be directly measured by
comparing the drop in log income before taxes and transfers to the drop in log income after taxes
and transfers. Sequentially decomposing each component of the insurance value of the tax and
transfer system can also be performed directly, by comparing the drops in log income measures that
sequentially include each component of the tax and transfer system. I show that using a discounted
geometric mean to calculate average income over the T' 4+ 1 periods measures the value of insurance
when individuals consume hand-to-mouth, while a discounted arithmetic mean measures the value
of insurance when individuals perfectly smooth consumption. These two means therefore provide

straightforward bounds for the value of insurance under alternative degrees of credit market frictions

11



or consumption smoothing behavior.

The derivations in this section motivate the reduced form parameters that I estimate in Section
4, which are chosen so that the reduced form results are directly interpretable as measures of the

welfare created by social insurance under a logarithmic utility model.

Insurance Value of the Full Tax and Transfer System. Assume individual utility is equal to the
logarithm of consumption, so u(c;;) = log(c;). For the moment, I continue to assume that individuals
are hand-to-mouth consumers who consume their income after taxes and transfers in each period.
Then average utility under the baseline tax and transfer system can be expressed as a function of
the discounted geometric mean of consumption c¢;; in each period
ul(z2ty  log (ch(1 = 2") + Blog (e} (1= 2]')) + -+ + BT log (cfp(1 = 2]'))
Shoft iz B!
1 8 s
= log ( (C;]O> 14+6+-+6T (Ci]1> 14+6+-+6T |, (C%]T) 14+6+-+6T ) + log (1 _ Z{I’wt)

= log (@J> + log (1 — Zg]’t(’t) (5)

where @J is defined as the discounted geometric mean of consumption from ¢ = 0 to T for individuals

who experience shock J € {S, NS}.

Now suppose the entire tax and transfer system were replaced with a linear tax rate of (1 — th).
Average utility under this linear tax and transfer system can be expressed as a function of the
discounted geometric mean of income before taxes and transfers
Eytot log (Xtotyl%)) + Blog (thyijl)) 44 8T og (XtotyiJT))
Y Bt i Bt
= log (7{]) + log (XM)

Scaling consumption after the realization of the shock by the ex post equivalent variation ZZS ptot
and ZiN 510t 1olds utility constant under both tax and transfer systems. Therefore the equivalized

difference in utility between those who experience the shock and those who experience no shock is

12



the same under the baseline and the counterfactual linear tax and transfer system:

US(Z5toty _ gNS(zN5tety - 5?0"/ B iﬁt"t
Yo B DY YL
log (1 — Zis’t"t) = {bg (st) —log (YiNS) ] — {log (@S> — log (@NS) ]—l— {log (1 — ZiNS’tOt) ] (6)
~ percentage drop in Y; ~ percentage drop in C; ~0

Under logarithmic utility, equation (6) shows that the insurance value of the full tax and transfer
system is approximately equal to the difference between the percentage drop in income before taxes
and transfers and the percentage drop in consumption after taxes and transfers. The intuition
for this equation is as follows. If the percentage drop in income were identical before and after
taxes and transfers then the tax and transfer system provides no insurance, and Zis 1ot ~ 0. If the
percentage drop in after-tax-and-transfer income C; were zero then there is full social insurance
under the baseline tax and transfer system, and (1 — ZZS 1oty Y’ /?iNS. In other words, switching
from full insurance to a linear tax and transfer system is equivalent to scaling consumption down by

the size of the income shock.

This approximation assumes that the tax and transfer system provides approximately no insurance
value to individuals who do not experience the shock. That assumption is accurate when the
probability of the shock is small and when the variance of income for those who experience no shock

is small relative to the variance in income generated by the shock.

Insurance Value with Perfect Consumption Smoothing. The formulas describing the insurance
value of the tax and transfer system change only slightly if, rather than consuming hand-to-mouth,
individuals have access to frictionless credit markets. Assume that individuals can save and borrow
at the interest rate (147) = 1/, and that there is no remaining uncertainty about the trajectory of
income after taxes and transfers after the realization of the shock. Then individuals will maximize
their utility by perfectly smoothing their consumption, setting consumption to be equal in all periods
to the discounted arithmetic mean of their income after taxes and transfers:

- 1 L
Ci" = =—=>_ B'c(yit,wirl, A, 7)

Therefore, with perfect consumption smoothing, the formula for the insurance value of the tax and

transfer system derived in equation (6) holds so long as the discounted geometric means 71'5, 7¢NS,

13



as and @NS are replaced with discounted arithmetic means.

Component 1: Insurance Value of Progressive Tazxes and Transfers. Suppose that formal social
insurance benefits remain unchanged while the rest of the tax and transfer system is replaced with
a revenue-neutral linear tax rate of (1 — XHT). Then, with a logarithmic utility function, average
utility under the counterfactual tax and transfer system is a function of the discounted mean of

gross income y;+ plus formal social insurance benefits wg:

—0
Ul

ﬁ = log (Yﬂ n QH) +log (XGT)
t=0

Analogously to equation (6), the insurance value of progressive taxes and transfers can therefore be
approximated as the difference between the percentage drop in gross income plus social insurance

benefits (Y;7 + €;7) and the percentage drop in consumption (CTJ) caused by the shock

—0r _— 0T
UzS(ZZS’OT) - UiNS(ZiNS,eT) _ UZS — UiNS
im0 Bt im0 B

o (125 = (7)o (F707) |- () (™)

= percentage drop in Y;+£; ~ percentage drop in C;

+ [log (1- ZZ-NS’QT” (7)

~0

Component 2: Insurance Value of Formal Social Insurance. Now consider the sequential decompo-
sition of the full insurance value of the tax and transfer system into the components provided by
the progressivity of taxes and transfers and by formal social insurance programs. As shown above,
replacing the full tax and transfer system with a linear tax rate has a welfare effect equivalent to
scaling consumption by (1 — Z!"). Replacing only the progressivity of taxes and transfers with a
linear tax rate, while leaving formal social insurance benefits unchanged, has a welfare effect equiva-
lent to scaling consumption by (1 — ZfT). Therefore additionally eliminating formal social insurance

benefits is equivalent to additionally scaling consumption by (1 — Z¥') = (1 — z!) /(1 — Z¢7).

Under logarithmic utility, the sequential insurance value of formal social insurance for people who
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experience the shock has an intuitive expression:

log(l _ ZZS,w’) _ 10g(1 - Zf,tot) . log(l B ZZS’GT)

~ [log (?zs) — log (?iNS) } — [log (W) — log (W) } (8)

~ percentage drop in Y; = percentage drop in Y;4+;

In sum, two intuitive reduced form parameters decompose the insurance value of the full tax and
transfer system for individuals with logarithmic utility who experience a shock. First, the insurance
value of formal social insurance programs is approximately equal to the difference in the percentage
drop in gross income before and after social insurance benefits are received. Second, the insurance
value of progressive taxes and transfers is approximately equal to the difference in the percentage
drop in gross income after social insurance benefits are received and the percentage drop in income
after taxes and transfers. Together, these sum to the total insurance value of the full tax and transfer
system. I estimate and report these reduced form parameters following layoff and hospitalization
shocks in Section 4, which are sufficient statistics for the welfare created by social insurance under

this logarithmic utility model.

3 Empirical Methods

This paper studies how taxes and transfers insure the two largest income risks faced by working-age
households—layoffs and illness—using linked Canadian administrative data. I link administrative
records describing all layoffs and inpatient hospital stays in eight Canadian provinces to administra-
tive tax data recording annual income, social insurance benefits, transfers and taxes. I analyze how
these outcomes change following a layoff or a hospitalization by matching 25- to 54-year-old workers
who experience a layoff or a hospitalization in a given year to a comparison group who were similar
on a rich set of characteristics three years prior. I then compare these matched workers using a
non-parametric event study specification. The event study reveals whether the two groups were
following similar trends leading up to the event, and identifies how their outcomes diverged after

the layoff or hospitalization.
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3.1 Data Sources

I construct an annual panel of layoffs, inpatient hospitalizations and economic outcomes by linking

administrative layoff records and hospital records with tax records.

The layoff records are drawn from ROE “Record of Employment” tax slips, which employers file
with the Canadian government following each job separation. These slips indicate the reason for the
separation—such as a layoff, a quit, an injury or illness, a parental leave, etc. The set of layoffs
observed are not restricted to mass layoffs: all layoffs are included regardless of the fraction of
workers laid off by the firm contemporaneously. These layoff records are linked to tax records using
their shared tax identifier (Social Insurance Numbers, which are equivalent to U.S. Social Security

Numbers).

The hospital records are drawn from the Discharge Abstract Database, which includes all inpatient
admissions to Canadian acute care hospitals outside Quebec and Manitoba from 2000 to 2014.11
Outpatient visits to the hospital and emergency room visits that did not result in an admission are
not included in the database. Individuals’ hospitalization records and tax records are linked using
an exact deterministic match on date of birth, sex and postal code.'? 88.4% of hospital records
were successfully linked to a person in the tax records, and the linkage rate was consistently high
across years, provinces, diagnoses and sex. 7.6% of hospital records did not match to anyone in
the tax records and, to the extent that these belong to tax filers, these unlinked hospitalizations
will attenuate my results. 4% of hospital records were matched to more than one person in the tax
records, and the associated hospital records and tax records were excluded from the sample. Further

details on the linkage procedure and quality assessments are described by Sanmartin et al. (2018).

The tax records are drawn from the T1 Family File, which includes 100% of Canadian tax filers
from 1997 to 2015. Individuals are linked to their spouses and cohabiting children using information
from their tax returns and child benefit claims. Wages earned by non-filers are observed using T4
“Statement of Remuneration Paid” slips filed by employers, which are equivalent to W-2 slips in
the United States. All together, 96% of Canadians are observed in the T1 Family File (Statistics
Canada 2016b). I topcode earnings and income at the 99.95th percentile in each year to mitigate

the influence of outliers or erroneous data, but find that the results are not sensitive to topcoding.

" Quebec does not contribute its hopsital data to the Discharge Abstract Database, and Manitoba did not begin
contributing data until April 2004.

12The average Canadian postal code contains fewer than 40 individuals, so it is very rare for two different people to
share the same date of birth, sex and postal code.
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Statistics Canada protects individuals’ privacy during the linkage process and subsequent use of
linked files. The data linkage was approved by Statistics Canada’s Executive Management Board,
and its use is governed by Statistics Canada’s Directive on Record Linkage (2017). Only employees
directly involved in the linkage process had access to the unique identifying information, and those
employees did not have access to health-related or tax-related information. After the data linkage
was completed, an analytical file was created with the identifying information removed (Statistics
Canada 2016a). The de-identified files were used for this analysis, and all data processing was

performed on a secure server onsite at Statistics Canada in Ottawa, Ontario.

3.2 Sample Construction

I study layoffs and hospitalization events that took place between 2003 and 2010 by partitioning
the population into three groups in each of those index years for each type of event: a treated group
who experienced the event in the index year, a comparison group who did not experience the event

in the index year, and an excluded group. This section describes how those groups are constructed.

Analysis Sample. The analysis sample covers 25- to 54-year-olds with prior labor force attachment
living in eight out of ten Canadian provinces who had no recent long-term disability claims.'3 I
exclude residents of Quebec and Manitoba in the index year because hospital admissions from those
two provinces are not available for the full sample period. I also exclude residents of the northern
territories: the Yukon, the Northwest Territories and Nunavut. Health care in the territories is
limited and many residents are flown south to hospitals in the provinces, including Quebec and
Manitoba, for treatment. I apply these geographic restrictions when studying both layoff and
hospitalization events so that the populations being analyzed are comparable. I require each person
to have been employed at least once during the five years prior to (but not including) the index
year. Because after-tax-and-transfer family income in the third year prior to the index year will be
used as a matching variable, I restrict to individuals who filed their taxes in the third year before

the event.!* Finally, I focus on workers who have no recent disability claims: I exclude anyone who

received long-term disability insurance benefits through the Canada Pension Plan or who claimed

13T select individuals who are no older than 54 in the index year so that the entire sample can be followed for 5
years without becoming eligible for public pension benefits. Canadians can claim early retirement benefits through the
Canada Pension Plan starting at age 60.

1 Tax filing rates are substantially higher in Canada than in the United States, and exceed 90% during the working
ages studied here (Appendix Figure 4).
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the disability tax credit during the three years prior to the index year.'® The resulting analysis
sample contains 11 million unique individuals and covers 79% of the 25- to 54-year-old residents in

the eight provinces studied (Table 1).

Layoff Events. In each index year k € {2003, ...,2010}, I divide the analysis sample into a treatment
group that was laid off in year k and a comparison group that was not laid off in year k. When
defining layoff events I exclude temporary layoffs, where the laid off worker returns to work for the
same employer in the following calendar year. Because layoffs generate subsequent job instability
(Jarosch 2015), I restrict the analysis to individuals who experienced no layoffs in the prior three
years. This three year “washout” period identifies the effect of an initial layoff inclusive of its indirect
effect of increasing layoff probabilities in the subsequent years.'® Pooling the eight index years, I

observe 1.6 million layoff events that can be matched to 53 million comparison events (Table 1).

Hospitalization Events. My analysis of hospitalization events follows the same strategy as layoff
events. In each index year k € {2003, ...,2010}, I divide the analysis sample into a treatment group
that was hospitalized in year k and a comparison group that was not hospitalized in year k. When
defining hospitalization events I exclude hospital stays due to childbirth. Adverse health events
that require an inpatient stay frequently generate readmissions to the hospital related to the same
illness. I therefore measure the effects of the initial observed health event inclusive of follow-on
illness by restricting the analysis to individuals who experienced no inpatient hospital stays in the
prior three years. Pooling the eight index years, I observe 1.2 million hospitalization events that

can be matched to 56 million comparison events (Table 1).

3.3 Matched Research Design

The econometric challenge in this paper is to estimate the counterfactual outcomes of people

who were laid off or hospitalized that would have occurred absent the event.!” I estimate these

15Individuals receiving private long-term disability benefits are required by private insurers to apply for public
benefits through the Canada Pension Plan, because private plans are the second-payer of benefits.

16Using a washout period is a middle ground between the common empirical practices of studying the only the first
event observed for an individual in a panel (which becomes increasingly selective in later index years) or studying
every event observed (which may be attenuated by the inclusion of follow-on events that have small incremental effects
relative to the initial event). This empirical strategy is common in the medical literature, and has been applied in
economic analyses as well (e.g. Autor, Donohue, and Schwab 2006; Dobkin et al. 2018). In medical analyses, this is
commonly referred to as identifying the effects of an initial event inclusive of its sequelae.

7 The “hospitalization event” considered in this research design encompasses the health decline that led to the
hospital admission. The counterfactual therefore represents what would have happened absent the health decline that
led to a hospitalization, not what would have happened to someone with the same health decline who did go to the
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counterfactuals by matching each person who experiences a layoff or a hospitalization event in index
year k to a person from the comparison group with identical demographics and similar income during
year k — 3. This paired research design flexibly controls for selection on lagged observables into layoff
and hospitalization events, and also reduces the computational cost of estimation by shrinking the
size of the comparison group. Because I do not match on trends in the pre-period, the pre-trends
remain flexible and can be used to evaluate potential bias due to selection on unobservables, as I

discuss in the next section.

I apply the matching procedure in two stages: I first perform an exact match on demographic
characteristics, then a caliper match on income characteristics. For each person who was laid off or
hospitalized in index year k, I begin by finding the set of comparison individuals in index year k
with the same sex, age, province of residence, marital status and family size in year £ — 3. I then
select a single match within this set: the person who had the most similar income in year k — 3
as measured by both individual employment income percentile and household income percentile

after taxes and transfers.'® T

select the match that is closest in sum of squared deviation along
both income percentiles, and choose randomly in the case of a tie. I set the caliper widths so that
matched individuals differ by no more than 10 percentiles in either income variable. All matches

are performed without replacement.

When constructing the matched comparison group for layoff events, I additionally include job tenure
in year k as a caliper matching variable.!? This is the only variable I condition on that is measured
outside of year k — 3. I include it in the conditioning set because the occurrence of layoff events is
mechanically correlated with job tenure in the year of the layoffs for two reasons: one must have a
job in order to be laid off, and firms conducting layoffs often explicitly condition on seniority when

selecting which employees to dismiss.

More than 95% of layoff events and 98% of hospitalization events are successfully matched to
a comparison event (Table 1). Unmatched events are excluded from the sample. The resulting

matched sample contains 1.6 million matched layoffs and 1.2 million matched hospitalizations,

hospital.

8] construct percentiles of positive incomes separately by age, sex and year based on the national population of
workers. Individuals may have zero employment income and may have zero or negative household income after taxes
and transfers. I treat zero or negative incomes in each variable as separate outcomes and match exactly on these
outcomes.

19T measure job tenure in calendar years and match based on exact tenure from 1 to 5 years, plus or minus one
year of tenure at 6 to 10 years. I topcode at 11 or more years of tenure and match to anyone with 11 or more years of
tenure.
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with the observable characteristics in year k — 3 well-balanced on observable characteristics by

construction (Table 1).

3.4 Event Study Specification

I identify the economic consequences of layoff and hospitalization events by comparing the evolution
of each outcome y (such as income) among individuals who experience the event in index year k

with the evolution of that outcome among the matched comparison group.2’

Regression Specification. For each index year k € {2003,...,2010}, I estimate a separate non-

parametric event study regression using ordinary least squares:

v =af+ > B+ Y 6 - Treated] + el 9)
r#—3 r#—3

Subscript ¢ denotes individuals and subscript r denotes the number of years elapsed relative to the

index year k when the event occurs. o are individual fixed effects, which allow each individual to
have an arbitrarily different level of y. 3F estimates the evolution of the mean of 3 over time among
the matched comparison group. 6¥ are the coefficients of interest: they estimate the difference in the
evolution of mean y over time between the individuals who experienced the event and the matched

comparison group.

I estimate bootstrapped standard errors by randomly resampling the matched pairs with replacement,

then re-estimating the event study regressions using 50 bootstrapped samples.

Identification Assumption. The estimates 0¥ identify the average causal effect of treatment on the
treated (ATT) if the outcomes of individuals who are laid off or hospitalized would have evolved in
parallel to the matched comparison group absent the event. This identifying assumption can be
evaluated by looking for parallel trends in the pre-period (6¥ = 0 for » < —1). Even if the pre-trends
are parallel, the identifying assumption could be violated if economic shocks are correlated at high
frequencies with layoff or hospitalization events. For instance, if job separations cause a spike in
hospitalizations and a long term decline in economic outcomes ;¢, the event study regression would

falsely attribute the direct effect of job separations on y;; to the associated hospitalizations.

20Matched research designs are widely used to construct appropriate comparison groups in event study specifications:
recent examples include Jaéger (2016) and Sarsons (2017).
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Pooling Event Cohorts. In practice only one index year is required to identify the consequences of a
layoff or a hospitalization event: a single event study provides a panel of treated and comparison
individuals to compare over time. But the analyses below will pool the samples from eight index
years spanning 2003 to 2010. I calculate the pooled event study estimator using an unweighted
average over the estimates from each index year: 6, = Ey 6F. The choice not to weight the index years
is inconsequential in practice because the sample sizes and estimated effects are stable across index
years (e.g. Figures 1A and 6A). But by explicitly specifying how the comparisons are weighted, this
pooled estimator eliminates the potential biases of common multi-period event study specifications
discussed in a growing econometric literature (Borusyak and Jaravel 2016; Abraham and Sun 2018;
Goodman-Bacon 2018). Pooling the index years also increases the sample size, which helps to
precisely identify the effects of layoff or hospitalization events on the full distribution of outcomes,
not just the mean outcome, and also helps to examine heterogeneity in the effects of the events in

subsamples spanning the income distribution.

4 Results

I study the insurance value of redistributive taxes and transfers by examining how the two largest
income risks faced by working-age households—Ilayoffs and illness—are insured by government
programs. After showing that both layoff and hospitalization events cause large income losses that
persist more than five years, I examine the size and the sources of social insurance against those

losses.

I find that the insurance provided by the full Canadian tax and transfer system is worth 8 to
10% of post-layoff consumption and 7 to 9% of post-hospitalization consumption in a model with
logarithmic utility. Across the entire income distribution, for both layoff and hospitalization events,
the majority of social insurance comes from redistributive taxes and transfers: only 45% of the
insurance value against layoff risk and 26% of the insurance value against hospitalization risk is
derived from formal social insurance benefits provided by unemployment and disability insurance.
Finally, I show that social insurance against both layoff and hospitalization risk is highly progressive.
Income losses before taxes and transfers are disproportionately large for those who had low incomes
prior to the event, but progressive social insurance completely flattens the gradient in income losses

after taxes and transfers post-layoff and halves the gradient in income losses post-hospitalization.
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Redistributive transfers are a key source of this progressivity: partly by replacing lost income
with increased transfers and partly by providing stable transfers to individuals with low income

independent of the adverse event, which reduces the volatility of their income to labor market risk.

4.1 Layoff Events

I begin with an analysis of layoff events, which affect 3.0% of my analysis sample of 25- to 54-year old
Canadians every year. All Canadian workers pay into a federal unemployment insurance program
and are eligible for benefits when they are laid off, so long as their work hours in the previous
52 weeks exceeds a minimum threshold (which depends on the local unemployment rate at the
time of the layoff). The duration of eligibility for unemployment benefits lasts 14 to 45 weeks,
depending on the local unemployment rate and the number of hours worked during the preceding 52
weeks. However average income losses following a layoff last years, not weeks, persisting far beyond
eligibility for unemployment benefits. I therefore examine how well the long-term income losses
following a layoff are insured by the full tax and transfer system, what the underlying sources of
that social insurance are, and how the social insurance against layoff risk is distributed across the

income distribution.

4.1.1 Descriptive Income Losses

I lay the groundwork for my analysis of social insurance by replicating the well-known finding that
layoffs cause substantial and sustained declines in earnings (Jacobson, LaLonde, and Sullivan 1993;
Davis and von Wachter 2011; Morissette, Qiu, and Chan 2013). Mean individual earnings decline by
$11000 in the year of a layoff and $15000 in the following year, then partially recover and stabilize
at an annual loss of $7000 over the subsequent 12 years (Figure 1A). The pattern of earnings losses
is nearly identical for workers laid off in each index year k from 2003 to 2010. Throughout the rest
of the analysis I focus on estimates that pool all eight index years (5, = Ey 5f), and study the period
from five years before to five years after the event where I observe data for all index years. Laid off
workers lose 25% of their present value earnings during the year of the layoff and subsequent five

years, which corresponds to an average annual loss of $11 000 (Figure 1B).2!

2T calculate present value using a real discount rate of 3% and a discount-weighted geometric mean. This discounted
geometric mean is the welfare-relevant metric in a model with logarithmic utility and hand-to-mouth consumption, as
shown in Section 2.3. The results do not change substantially when using a discounted arithmetic mean, which is the
welfare-relevant metric with perfect consumption smoothing. I discuss and contrast the two sets of results in Section
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The laid off workers and the matched comparison group followed parallel earnings trajectories
starting from the first year they were observed—up to 13 years prior—and lasting until the third
year prior to the layoff (Figure 1A). Only outcomes in the third year prior to layoffs were used
for matching, so the parallel evolution during the rest of the pre-period was not predetermined
mechanically. These parallel pre-trends support the identifying assumption that the laid off workers
would have continued along the same trajectory as the comparison group absent the layoff event.
Laid off workers begin to experience a dip in earnings two years prior to the layoff event, which
matches the pattern first documented in mass layoffs by Jacobson, LaLonde, and Sullivan (1993).
This earnings dip occurs along the intensive margin: laid off workers have stable employment rates
prior to being laid off (Appendix Figure 2A), but their average earnings growth is slower in the two

years leading up to being laid off (Figure 1B).

The full set of taxes and transfers that I will analyze when decomposing social insurance is only
observable for taxfilers, but Figure 1A shows that the full sample (dashed line) and the sample
restricted to taxfilers in each year (solid line) have virtually indistinguishable earnings trajectories.
Employment earnings are observable for non-filers because employers file tax slips (T4s) directly
with the tax authority. The similarity in outcomes between the full sample and the taxfiling sample
suggests that the attrition of non-filers (shown in Appendix Figure 4) from the taxfiling sample

does not generate substantial bias or lack of generalizability.??

Total income before taxes and transfers falls by 14% on average ($12000 per year) during the
year of the layoff and five subsequent years, while following the same trajectory over time as
individual earnings (Figure 1C). Income before taxes and transfers includes employment income,
self-employment income, interest and dividends—the full set of income components is defined in
Table 2. T measure income by taking total household income (including spouses and cohabiting
children), then assuming that resources are shared within the family and adjusting for economies of

scale within the household by dividing by the square root of household size.?3

4.1.2.

221 address non-filing and mortality in my matched sample using pairwise deletion: I exclude both members of the
matched pair in years where either member is missing.

#3This square root adjustment is the most commonly used equivalence scale (e.g. Hoynes and Luttmer 2011).
Equivalence scales estimate equivalized or consumption-equivalent income by accounting for the fact that resources are
divided among members of the household but there are economies of scale in consumption: a two person family can
spend less than twice as much (on housing, food, etc.) to achieve comparable consumption utility. The equivalence
scale shifts the overall level of income through its assumption about the magnitude of scale economies, but has a
negligible impact on the analysis of social insurance because insurance is measured using relative losses. Since layoffs
have a negligible effect on household size (Appendix Figure 3), the change in log income before and after taxes and
transfers is approximately equal to the change in log equivalized income before and after taxes and transfers.
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Total income after taxes and transfers falls by only 10% on average ($8 000 per year), reflecting
the cumulative social insurance provided by unemployment insurance, disability insurance, other
transfer programs and reductions in taxes. In dollar terms, increases in transfers and reductions in
taxes replace 33% of mean lost income. In relative terms, the full tax and transfer system reduces
the percentage drop in mean income by 29%. The small difference between insurance in absolute
and relative terms stems from the fact that mean income after taxes is lower than mean income
before taxes and transfers (because net tax revenue exceeds net transfers), so each dollar of after-tax

income lost looms larger than a dollar of before-tax income lost.

All of the results reported above are estimated precisely and are statistically significant, with p-values
less than <0.001. T display the 95% confidence intervals of the event study estimates graphically in
Figures 1B, 1C and 1D as the width of the line for laid off individuals, since vertical confidence
interval bars would lie entirely under the circles indicating each data point. To interpret the precision
of the estimates, note that the parameters of interest (5f) in the event study regression described by
equation (9) measure the difference in means between the treated and matched comparison group in
each year r. Therefore the statistical significance of the event study estimates corresponds to a test

of equality for two means, each calculated in a sample with more than one million observations.?*

4.1.2 Insurance Value Decomposition

Having established that the tax and transfer system replaces lost income after a layoff, I now turn to
analyzing the insurance value of the tax and transfer system and decomposing the sources of social
insurance. I structure this analysis using the model from Section 2 by studying the effects of layoffs
on four log income measures: income (7) before taxes and transfers, (¢7) after Ul and DI benefits,
(7ii) after all transfers, and (iv) after taxes and transfers. These estimates are interpretable reduced
form statistics, but they are also sufficient statistics for the welfare effects of social insurance in a

model with logarithmic utility, as shown in Section 2.3.2

24The parameters 6% would be exactly equivalent to a comparison of means if regression equation (9) omitted
individual fixed effects or if the panel were perfectly balanced—in which case the individual fixed effects would be
orthogonal to the remaining regressors. In practice, the panel is unbalanced by attrition due to mortality and non-filing
(shown in Appendix Figure 4). However the attrition rate is low and the regression results are nearly unchanged
when omitting individual fixed effects, which indicates that the individual fixed effects are almost orthogonal to the
treatment-by-year event study regressors. Therefore the intuition about statistical significance based on a comparison
of means remains relevant in this dataset, despite the inclusion of individual fixed effects.

25Chetty (2006a) and Chetty and Szeidl (2007) present evidence based on the elasticity of labor supply to wages
that the coefficient of relative risk aversion over long-run income changes is approximately v = 1, which corresponds
to logarithmic utility. A logarithmic utility function is therefore a reasonable benchmark for interpreting the welfare
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Recall equation (6), which showed that the total insurance value of the tax and transfer system for

an individual with logarithmic utility who experiences a layoff is
S NS S —~NS
log (1 - Zf’wt) ~ [log (Y; ) —log (Y, )} - [log (Ci ) —log (Ci )}

where ZZS ! is the share of consumption that a laid off individual would be willing to pay in every
period to avoid replacing all tax and transfer programs (including UI and DI) with a linear tax rate
that holds the individual’s consumption constant in expectation before the layoff shock is realized.
Y; and C; are the discounted means of income before and after taxes and transfers respectively. I
compute these discounted means over a six-year horizon starting from the year of the layoff k and

ending in k + 5, then estimate the average effect of layoffs on discounted log income.

Income following a layoff declines by 0.25 log points before taxes and transfers and by 0.14 log points
after taxes and transfers, which implies that the insurance provided by the full tax and transfer
system is worth 10.4% of post-layoff consumption under the log utility model (Figure 2; Table 3). I
decompose the sources of social insurance by examining the sequential insurance offered by UI and
DI benefits, other transfers, and taxes. Unemployment insurance is substantial in the first calendar
year following the layoff, when pre-tax-and-transfer income losses peak at 0.32 log points but are
only 0.23 log points after unemployment benefits (Figure 2). However, UI benefit spells last at most
45 weeks in Canada, while post-layoff earnings losses last more than six years. Therefore laid off
workers receive few formal social insurance benefits after the first year post-layoff. Despite evidence
that poor labor market conditions are associated with an increase in disability insurance take-up
(Black, Daniel, and Sanders 2002; Charles, Li, and Stephens 2017; Maestas, Mullen, and Strand
2018), I find that layoffs cause a negligible increase in disability benefits: less than $20 per year on
average (Appendix Figure 5). Unemployment insurance provides more than 98% of formal social

insurance benefits following a layoff.

Only 45% of social insurance during the six years following a layoff comes from formal social
insurance benefits—the majority of social insurance comes from other tax and transfer programs
that are not conditioned on the realization of a layoff (Table 3). Unemployment insurance (and, to a

negligible extent, disability insurance) reduces post-layoff income losses from 0.25 log points to 0.20

effects of long-run income changes following a layoff or a hospitalization. The data I observe on the distribution of
income declines could be used to identify the welfare generated by social insurance under alternative levels of risk
aversion—Doing so simply breaks the sufficiency of log income declines as a measure of the welfare effects, and requires
more involved modelling to obtain welfare measures.
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log points. Other government transfers further reduce those losses to 0.15 log points, and finally
progressive taxation reduces the losses to 0.14 log points. If utility is logarithmic in consumption
then the insurance provided by formal social insurance benefits (UI and DI) is worth 4.7% of
consumption following a layoff, while insurance from other transfers are worth 4.4% of consumption
and insurance from the progressivity of the tax schedule is worth 1.3% of consumption. These
calculations reflect a sequential decomposition of the total value of social insurance, so the ordering
affects the results. Measuring the value of formal social insurance value first provides an upper
bound for its insurance value (as discussed in Section 2.2): formal social insurance benefits would
provide less than 45% of total social insurance if the value of Ul and DI were measured after the

rest of the tax and transfer system had already partially insured the gross income losses.

I illuminate the mechanisms behind the social insurance provided by each broad component of the
tax and transfer system by further decomposing the social insurance described by equation (6) into

six interpretable factors:
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Equation (10) shows that the percent change in income after taxes and transfers is equal to the
percent change in income before taxes and transfers scaled by six social insurance factors. The first
two factors measure the formal social insurance provided by Ul and DI. Factor A.7 measures the
replacement rate of lost income AY by formal social insurance benefits AQ). Factor A.éi reflects the
share of formal social insurance benefits in the incomes of individuals who do not experience a layoff.
This is a measure of income stabilization: individuals whose benefit income is large relative to earned

income independent of an adverse event are less vulnerable to risks that affect their earned income.
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The second two factors analogously measure the social insurance from other transfer programs.
Factor B.i measures the replacement rate of lost income by government transfers A®© following a
layoff. Factor B.i7 measures the income stabilization provided by transfer benefits independent of a
layoff. The last two factors measure social insurance from the progressivity of the tax schedule, as
represented by the gap between marginal tax rates and average tax rates. Factor C.i measures the
marginal tax rate on lost income following a layoff.26 Factor C.ii reflects the average tax rate on
income for individuals who do not experience a layoff.2” Progressive taxes provide social insurance
by lowering an individual’s tax burden AT when their income falls because marginal tax rates

exceed average tax rates.

Applying equation (10) to the data, I find that the average loss in income is 22% before taxes and
transfers and only 13% after taxes and transfers because unemployment insurance scales that loss by
a factor of 0.82, other transfers scale the loss after unemployment benefits by a factor of 0.78, and
progressive taxes scale the remaining loss by a factor of 0.92 (Table 3).2® UI and DI replace 15% of
lost gross income, while other transfer programs replace 11% of the remaining income lost after
UI and DI benefits are received. Ul and DI benefits are a negligible source of income stabilization,
providing less than 3.5% of income after transfers for individuals who don’t experience a layoff in
the index year. The rest of the transfer system serves much larger stabilization role, providing 12.5%
of average income after transfers. Finally, taxes owed decline with income losses post-layoff at a
marginal rate of 20%, which lowers the tax rate paid on post-layoff income below the 13% average

tax rate paid by individuals who do not experience a layoff event.

The results of the social insurance decomposition are not sensitive to assumptions about individuals’

degree of consumption smoothing behaviour: the pattern of results reported in Table 3 assuming
hand-to-mouth consumers is unchanged if I instead assume that individuals are perfect consumption
smoothers, as I do in Appendix Table 1. Section 2.3 showed that the discounted arithmetic mean of
income post-layoff measures the value of income for perfect consumption smoothers because they
set their consumption to be equal in all periods to their discounted arithmetic mean lifetime income.

In practice, perfect consumption smoothing is unrealistic: individuals would not only need access

261f taxable income declines by a marginal amount ¢, factor C.7 is equal to 1 minus the marginal tax rate. For
non-marginal income declines, it is equal to the 1 minus the integral of the marginal tax rate measured over the
segment of the income distribution covered by the decline in pre-tax income.

2"The marginal and average tax rates in C.i and C.ii are measured on income including transfers: virtually all
Canadian transfers are taxable income, including UTI benefits, DI benefits, cash welfare benefits and child benefits.

28The numbers reported here describe the average percent loss in income, which differs from the percent loss in
average income reported in Figure 1 because of Jensen’s inequality.
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to frictionless credit markets, they would also need to have no residual uncertainty about their
future income and lifespan. Therefore the contrast between hand-to-mouth consumers and perfect
consumption smoothers constitutes a bounding exercise, illustrating the (lack of) sensitivity of the
results to the two extremes of consumption smoothing behavior. A more consequential limitation is
that I estimate consumption during the six years following a layoff using income during those six
years. Discounted consumption and discounted income after taxes and transfers are constrained to
be equal in the long-run by the lifetime budget constraint. However net income and consumption
may not be equivalent during the six-year horizon being studied because of saving or dissaving that

smooths income from outside that period, which I do not observe.

Consumption smoothing reduces the average declines in log income and thus lowers the magnitude
of social insurance, but does not change the relative shares of social insurance generated by different
portions of the tax and transfer system (Table 3; Appendix Table 1). Consumption smoothing
reduces the average decline in income from 0.25 log points to 0.20 log points before taxes and
transfers and from 0.14 to 0.12 log points after taxes and transfers, which shrinks the insurance
value of the tax and transfer system from 10% of consumption under hand-to-mouth consumption
to 8% of consumption under perfect smoothing. However, formal social insurance benefits from
UI and DI constitute 45 to 46% of total social insurance regardless of the degree of consumption
smoothing, with a 95 percent confidence interval of 4+ 0.4 percentage points. Formal social insurance,
other transfers, and progressive taxes shrink the percentage loss in income by a factor of 0.82, 0.78
and 0.92 respectively for hand-to-mouth consumers; and by a nearly identical 0.83, 0.82 and 0.92
for perfect consumption smoothers. The insurance value decomposition is therefore robust to the

assumed degree of consumption smoothing behavior.

4.1.3 Distributional Income Losses and Social Insurance

Thus far I have examined the value of social insurance through the lens of its effects on average
losses in log income, which are sufficient statistics for welfare under logarithmic utility but do not
give a full picture of how social insurance affects the distribution of income losses. This section
explores how social insurance programs affect the entire distribution of post-layoff income losses,
which is informative about the consequences of social insurance programs under any utility function

that may be used to weight the welfare consequences of those income losses.
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Figure 3 plots the effect of social insurance on the distribution of income losses generated by layoffs.
The histograms in this figure describe the effect of layoffs on the distribution of percent changes in
discounted income during the six years post-layoff, relative to average income during the five years

pre-layoff.??

Although unemployment insurance provides a higher average replacement rate for lost earnings
(Table 3), the rest of the tax and transfer system plays a more substantial role in averting catastrophic
income losses (Figure 3). Layoffs increase the probability of losing more than half of one’s income by
6.5 percentage points before taxes and transfers. Formal social insurance from Ul and DI moderately
compresses the distribution of income losses, shrinking the post-layoff increase in the risk of losing
more than half of one’s income from 6.5 to 5.0 percentage points. But the insurance value of
the redistributive tax and transfer system is especially concentrated toward mitigating the largest
income losses. After taxes and transfers, the post-layoff increase in probability of losing more than
half of one’s income shrinks from 5.0 to 2.6 percentage points, while the post-layoff increase in the
probability of income losses under 30% grows from 3.2 percentage points to 4.9 percentage points.
This reduction in the risk of catastrophic losses is a key source of the insurance value generated by

redistributive taxes and transfers.

4.1.4 Heterogeneity in Social Insurance by Pre-Layoff Income

Having analyzed the mechanisms behind the social insurance of layoff risk in the preceding sections,
I now explore who benefits from the social insurance provided by the tax and transfer system. This
section examines how the value of social insurance against layoff risk is spread across the income

distribution, and which sources of social insurance are relied upon by different income groups.

I measure heterogeneity in the social insurance of layoff risk by re-estimating the event study
regression described by equation (9) on subsamples split by household income quintile or household
income decile three years prior to the layoff event. I construct these income quantiles separately for

each age, sex and year based on the national income distribution. Therefore each quantile has the

29 Appendix Figure 6 plots the underlying distributions of percent income changes among the individuals who
experienced a layoff and among the matched control group. The histograms in Figure 3 measure the difference in these
distributions of income losses between the laid off group and the comparison group, which captures the causal effect of
the layoff event on the distribution. Appendix Figures 7 and 8 show that the entire distribution of income before and
after taxes and transfers was similar among the treated group and the comparison group during the pre-period, then
diverged dramatically at the time of the layoff event. These appendix figures reveal that there was no substantial
pre-trend in the distribution of income before year k — 2, which is a stronger condition than the parallel trends in
mean income shown in Figure 1.
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same age and sex composition by construction.

The event studies of post-layoff income losses are qualitatively similar for individuals in the bottom
and top pre-layoff income quintiles (Figure 4) to the event studies for the full sample (Figures 1D
and 2). Discounted income after taxes and transfers declines post-layoff by 10% in the full sample,
by 9% in the bottom income quintile and by 12% in the top income quintile. This parity in income
losses after taxes and transfers belies large inequalities in income losses before taxes and transfers.
The bottom income quintile experiences an average income decline of 0.30 log points before taxes

and transfers, compared to 0.21 in the top income quintile and 0.25 in the full sample.

The risks of post-layoff income losses are disproportionately large for low-income workers before
taxes and transfers, but flat across the income distribution after taxes and transfers (Figure 5A).
Before taxes and transfers, the magnitude of average post-layoff income losses declines roughly
monotonically from 0.30 log points in the bottom income decile to 0.18 log points in the top
income decile of pre-layoff household income. After taxes and transfers, average post-layoff income
losses have a flat gradient with a range between 0.16 and 0.13 log points across the entire income

distribution.

The tax and transfer system flattens the gradient of income losses following a layoff because the
social insurance it provides is progressively distributed (Figure 5B). If individuals have logarithmic
utility functions and consume hand-to-mouth, the insurance value of the full tax and transfer system
to someone who is laid off is worth 15% of consumption in the bottom income quintile, 9% of
consumption in the middle quintile, and 6% of consumption in the top quintile (Table 3). This
progressive distribution of social insurance value stems from progressivity in the insurance value of
UI and other transfers. Formal social insurance benefits from UI (and to a negligible extent, DI)
scale the percentage loss in income after taxes and transfers down by a factor of 0.79 in the bottom
income quintile but by only 0.90 in the top income quintile, driven primarily by higher replacement
rates at lower income levels. Other redistributive transfers scale the percentage loss in income after
taxes and transfers down by a factor of 0.70 in the bottom income quintile but by only 0.90 in
the top income quintile, this time driven primarily by the greater income stabilization provided
by transfer income to individuals with low income pre-layoff. Independent of a layoff, transfers
comprise 24% of total income for individuals in the bottom income quintile but only 4% of total
income for those in the top quintile, so risks to earned income are dampened toward the bottom

of the income distribution. The progressive shape of the tax schedule provides a similar amount
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of social insurance across the entire income distribution: tax progressivity scales percentage losses
in income by a factor of 0.91 to 0.92 across all income quintiles, and the value of insurance from

progressive taxation ranges from 1.2% of consumption to 1.5% of consumption.

Formal social insurance benefits from UI and DI provide less than half of total social insurance at all
income levels, whether individuals consume hand-to-mouth or perfectly smooth their consumption
during the six years following a layoff. For hand-to-mouth consumers, the share of social insurance
from UI and DI ranges from 38% to 48% across the income distribution (Table 3). For perfect
consumption smoothers, the share from UI and DI ranges from 36% to 49% (Appendix Table 1).
For each of these estimates, I can reject the hypothesis that more than 50% of social insurance

comes from UI and DI at the 95% confidence level.

4.2 Hospitalization Events

This section replicates the analyses performed in Section 4.1 examining the value, sources and
distribution of social insurance from the tax and transfer system, this time following hospitalization
events instead of layoff events. Each year, 2.1% of my analysis sample of 25- to 54-year old Canadians
experience a hospitalization event. Recent studies have shown that post-hospitalization earnings
losses rival medical costs (Garcia-Gémez et al. 2013; Fadlon and Nielsen 2017; Dobkin et al. 2018).
And these post-hospitalization earnings losses may disproportionately affect low-income households,
who experience higher rates of illness and disability (Marmot et al. 1991; Canadian Institute for
Health Information 2016; Baker, Currie, and Schwandt 2017). Yet despite extensive academic and
policy interest in the universality and adequacy of health insurance, there is little evidence about

how the income risks of illness are distributed or how they are insured.

4.2.1 Descriptive Income Losses

Average earnings decline immediately in the year of hospitalization by $4 000 and remain roughly
$4 000 lower throughout the subsequent twelve years (Figure 6A). The trajectory of earnings losses
is similar for individuals hospitalized in each index year from 2003 to 2010, as was also the case
for layoffs. I will therefore continue to pool the estimates from all eight index years in subsequent
figures, and focus on the period from five years before to five years after the event during which I

observe data for all index years.
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In the taxfiling sample there is an upward trend in the earnings of hospitalized individuals prior to
the hospitalization, which is due entirely to attrition by non-filers (Figure 6A). The matched sample
of taxfilers (shown in a solid line) excludes observations during years where either member of the
matched pair did not file their taxes. Among these matched taxfilers, the earnings of hospitalized
individuals start $500 below their matched controls 13 years pre-hospitalization and rise smoothly
to parity over the next decade. Individual earnings are also observable for non-filers, and in the full
sample (shown in a dashed line) there is no visible pre-trend: hospitalized individuals and matched
control individuals followed parallel earnings trajectories. The attrition rate is low during the period
close to the index year, never exceeding 7% within the five years pre- and post-hospitalization
(Appendix Figure 4B). Additionally, the full sample and the sample of taxfilers follow nearly
identical earnings trajectories from five years prior to the hospitalization event until twelve years
post-hospitalization, which is the last year of data observed. Focusing on outcomes during the
period from five years before to five years after the hospitalization, as I do when in the pooled

estimates, therefore also mitigates potential bias due to attrition.

Similar to laid off individuals, there is a dip in the average earnings of hospitalized individuals
during the two years immediately preceding hospitalization, which is small in magnitude relative to
post-hospitalization income losses (Figure 6A). This dip underscores the fact that the event study
does not isolate the causal effect of the events occurring during the hospital stay itself. Rather, the
inpatient hospitalization event is an observable proxy for an underlying deterioration in health that
begins for some individuals prior to the hospitalization, and starts to affect earnings during the
preceding two years. The event study estimates should therefore be interpreted as the causal effect

of the illness associated with the hospitalization event.

The decline in mean income following a hospitalization is smaller than the decline in mean income
following a layoff, but the share of losses insured by the tax and transfer system is similar for both
events. Average individual earnings fall by 8.2% ($4000 per year) in present value over the six
years starting in the year of the hopitalization event (Appendix Figure 9). During those years,
average equivalized household income before taxes and transfers falls by 4.1% ($2600 per year),
while average income after taxes and transfers falls by 2.9% ($1500 per year). The decline in mean
income following a hospitalization masks substantial heterogeneity, since many hospital stays involve
little or no missed work and have no long-term effect on a person’s work capacity. By contrast,

every layoff involves a job separation by definition, and the decline in mean income following a layoff
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is 14% before taxes and transfers and 10% after taxes and transfers (Figure 1). The inclusion of
hospitalization events that are associated with small or short-term health declines does not bias
the analysis of the magnitude or sources of social insurance. This paper uses both types of shocks
as observable sources of income risk in order to identify the value of social insurance against the
income losses that do occur, whether following a layoff event or a hospitalization event. I find that
the social insurance provided by the full tax and transfer system reduces the percentage drop in
mean income post-hospitalization by 29%, which is identical to the magnitude of social insurance
for layoff risk described in Section 4.1.1. The sections that follow examine how, despite the overall
similarity in size, social insurance against hospitalization risk and layoff risk differs in its sources, in

its distributional effects, and in its progressivity.

4.2.2 Insurance Value Decomposition

This section examines the effects of hospitalization events on log income before and after each
successive component of the tax and transfer system is received. I measure and decompose the
welfare created by each component of social insurance by interpreting the reduced form results using

the model described in Section 2.3 and equation (10).

Following a hospitalization event, income declines by 0.15 log points on average before taxes and
transfers and by 0.06 log points after taxes and transfers, which implies that the insurance provided
by the full tax and transfer system is worth 8.5% of consumption under the log utility model (Table 4;
Figure 6B). Unlike unemployment insurance benefits, which are capped at 14 to 45 weeks, long-term
disability insurance provides sustained benefits to individuals who demonstrate that they have a
“severe and prolonged disability” that prevents them from performing any substantial gainful activity.
The Canadian federal government also provides universal short-term disability insurance (called
Employment Insurance Sickness benefits) for up to 15 weeks to workers who are “unable to work
because of sickness, injury or quarantine”. Therefore workers who are disabled by a hospitalization
event receive sustained formal social insurance benefits, starting in the year of the hospitalization
and continuing throughout the subsequent years post-hospitalization (Figure 6B). Despite evidence
of benefit substitution between unemployment and disability insurance (Koning and Vuuren 2010;
Staubli 2011; Borghans, Gielen, and Luttmer 2014), I find that hospitalizations cause a negligible
increase in Ul benefits: less than $10 per year on average. Short-term and long-term disability

insurance provide more than 98% of formal social insurance benefits following a hospitalization
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(Appendix Figure 10).

Only one quarter of total social insurance following a hospitalization event is derived from formal
social insurance benefits (Table 4). Disability insurance (and unemployment insurance, to a negligible
extent) reduces post-hospitalization income losses from 0.15 log points to 0.125 log points. Other
government transfers further reduce those income losses to 0.07 log points, and finally progressive
taxation reduces income losses to 0.06 log points. If utility is logarithmic in consumption then
individuals who are hospitalized value the insurance provided by DI and UI as being worth 2.2% of
their consumption, whereas insurance provided by other transfers is worth 5.8% of consumption
and insurance from the progressivity of the tax schedule is worth 0.5% of consumption. If T assume
that individuals perfectly smooth their consumption rather than consuming hand-to-mouth, then
the total value of social insurance declines (from 8.5% of consumption to 6.9% of consumption) but
the share of social insurance derived from each component of the tax and transfer system remains
unchanged (Appendix Table 2). Regardless of the degree of consumption smoothing, DI and UI

benefits provide 25 to 26% of total social insurance.

The smaller role of formal social insurance programs in insuring hospitalization risk (25% of total
insurance) than layoff risk (45% of total insurance) is caused by differences in the replacement rates
provided by unemployment insurance, disability insurance and other transfers (Tables 3 and 4).
Recall equation (10), which showed that the total value of social insurance can be decomposed
into six components: the replacement rate and income stabilization provided by UI and DI, the
replacement rate and income stabilization provided by other transfers, and the difference between
marginal and average tax rates generated by the progressive shape of the tax schedule. I find that DI
replaces a somewhat smaller share of income lost post-hospitalization than UI replaces post-layoff:
12% vs. 15%. Other transfers replace a much larger share of lost income post-hospitalization than
post-layoff, however: 40% vs. 11%. The other four components of social insurance are almost

identical in size for hospitalizations and for layoffs.

4.2.3 Distributional Income Losses and Social Insurance

The redistributive tax and transfer system provides substantial social insurance by reducing the

risk of catastrophic income losses following a hospitalization, and does so to a much larger extent
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than disability insurance benefits (Figure 7).3° Hospitalizations increase the probability of losing
more than half one’s income by 4.2 percentage points before taxes and transfers. Formal social
insurance from DI and UI moderately compresses the distribution of income losses, shrinking the
post-hospitalization increase in the risk of losing more than half one’s income from 4.2 to 3.4
percentage points. But after taxes and transfers, the post-hospitalization increase in the risk of
losing more than half one’s income shrinks from 3.4 to 1.5 percentage points. This pattern is
consistent with the social insurance of layoff risk discussed in Section 4.1.3 and shown in Figure 3.
The redistributive tax and transfer system is thus essential for insuring the catastrophic income

losses generated by both layoffs and hospitalizations.

4.2.4 Heterogeneity in Social Insurance by Pre-Hospitalization Income

I conclude the analysis of hospitalization events by examining how the value of social insurance
following a hospitalization is spread across the income distribution. I show that the distribution of
social insurance against hospitalization risk is more progressive than social insurance against layoff
risk, but not enough so to fully offset the fact that post-hospitalization income losses are far more

unequal than post-layoff income losses.

Individuals near the bottom of the income distribution prior to a hospitalization lose a larger
share of their income post-hospitalization than those near the top of the income distribution, but
social insurance cuts this gradient in half after taxes and transfers (Figure 8A; Table 4). Post-
hospitalization losses in log income before taxes and transfers are six times larger in the bottom
income quintile than the top quintile (0.34 log points vs. 0.06 log points). After taxes and transfers,
income losses in the bottom income quintile are “only” three times larger than the top quintile (0.095
log points vs 0.035 log points).3! The inequality in income losses following a hospitalization reflects
the combined effect of multiple potential channels of heterogeneity: individuals with low incomes
tend to experience more severe health events, work in more physically demanding occupations which
may be difficult to return to following a health decline, and as shown here, are better insured against

the risk of income losses and may therefore exhibit a larger degree of moral hazard.

30 Appendix Figure 11 plots the underlying distributions of percent income changes among the individuals who
experienced a hospitalization and among the matched control group. The histograms in Figure 7 plot the difference
in these distributions of income losses between the hospitalized group and the comparison group, which measures
the causal effect of the hospitalization event on the distribution. Appendix Figures 12 and 13 show that the entire
distribution of income before and after taxes and transfers was similar among the treated group and the comparison
group during the pre-period, then diverged dramatically at the time of the hospitalization event.

31 Appendix Figure 14 shows the underlying event studies for the bottom and top income quintile.
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Redistributive transfers are the primary source responsible for the highly progressive social insurance
that reduces inequality in post-hospitalization income losses after taxes and transfers (Figure 8B;
Table 4). For individuals with logarithmic utility who consume hand-to-mouth, the insurance value
of the full tax and transfer system to someone who is hospitalized is worth 21% of consumption in
the bottom income quintile, 6% of consumption in the middle quintile, and 2% of consumption in
the top quintile. Unlike for layoff risk, the progressivity of social insurance against hospitalization
risk is generated almost entirely by redistributive transfers. The insurance value of redistributive
transfers following a hospitalization ranges from 17% of consumption in the bottom income quintile
to 1% of consumption in the top income quintile. By contrast, the insurance value of DI and Ul
benefits post-hospitalization ranges from 4% to 1% and the insurance value of tax progressivity
ranges from 0.8% to 0.2% from the bottom to the top income quintile. If I instead assume that
individuals perfectly smooth their consumption rather than consuming hand-to-mouth then the
value of social insurance falls by approximately 20% across the board, but the progressivity and

sources of social insurance remain virtually unchanged (Appendix Table 2).

The greater progressivity of social insurance against hospitalization risk than layoff risk is driven
by differences in the replacement rates provided by unemployment insurance, disability insurance
and other transfers—the same factors that explained the smaller role of formal social insurance
in insuring hospitalization risk than layoff risk in Section 4.2.2. The effective replacement rate
of disability insurance is regressive, replacing 3.8% of post-hospitalization income losses in the
bottom income quintile and 13% to 15% of income losses in the top four quintiles (Table 4). By
contrast, the replacement rate of unemployment insurance is progressive, replacing 16% of post-layoff
income losses in the bottom income quintile and 8% of income losses in the top quintile (Table
3). Because eligibility for disability insurance has more stringent work history requirements than
unemployment insurance, effective replacement rates for disability insurance are regressive despite
the fact that statutory replacement rates for disability insurance are even more progressive than for
unemployment insurance.?? Other transfers more than compensate for the regressivity of disability
insurance following a hospitalization, replacing 43% of post-hospitalization income losses in the

bottom income quintile and 20% of post-hospitalization income losses in the top quintile. These

32To be eligible for long-term disability insurance benefits from the Canada Pension Plan, a person must have
earnings exceeding the substantial gainful activity threshold (= $5000) in at least four of the last six years, or three
of the last six years for individuals with at least 25 years of contributions. To be eligible for unemployment insurance
benefits, a person must have worked a minimum of 420 to 700 hours (10.5 to 17.5 Full Time Equivalent weeks) during
the previous 52 weeks, depending on the local unemployment rate.
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replacement rates are larger and more progressive than the replacement rate of redistributive
transfers following a layoff, which peaks at 14% in the second income quintile and falls to 7% in
the top income quintile. The other four components of social insurance—income stabilization from
UI and DI, income stabilization from other transfers, and the difference between marginal and
average tax rates—are almost identical in magnitude and progressivity when insuring layoff and

hospitalization events.

5 Conclusion

This paper shows that progressive taxes and transfers generate considerable social insurance,
providing more insurance value against layoff and hospitalization risk than the unemployment
and disability insurance programs that formally insure those risks. Redistributive transfers have
a particularly large effect on shrinking catastrophic income losses and insuring individuals with
low incomes against income risk. By insuring income risk throughout the income distribution and
especially at the bottom of the income distribution, social insurance increases the total value of
the tax and transfer system for everyone while increasing the effective progressivity of taxes and

transfers beyond what their redistributive schedule implies.

The lifecycle dimension of the insurance provided by the tax and transfer system is an important
aspect that is not addressed by the current set of results. I have examined social insurance over a
six year horizon following a layoff or a hospitalization and computed average values for individuals
over ages 25 to 54. Quantifying the variation in the insurance value of redistributive taxes and
transfers over the lifecycle would be a valuable extension to the work of this paper. Additionally,
recent work in the “new dynamic public finance” literature considers the value of age-dependent
taxation in the optimal design of the tax and transfer system, given lifecycle income profiles and
the accumulation of idiosyncratic productivity shocks (e.g. Weinzierl 2011; Farhi and Werning 2013;
Heathcote, Storesletten, and Violante 2019). But many major income shocks are not idiosyncratic:
they are correlated with age and income over the lifecycle. For example, adverse health shocks occur
more frequently to individuals with low incomes and grow in frequency with age. The results of
this paper suggest that incorporating a richer profile of income risk over the lifecycle may affect the

optimal level of age-dependent taxation.

The findings in this paper also highlight the diversity of tax and transfer policies that affect
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individuals’ insurance against income risk, which raises considerable challenges for optimal social
insurance policy and the choice of instruments to provide social insurance. Changes to safety
net transfers such as cash welfare, “unconditional” transfers such as child benefits, or the shape
of the income tax schedule will all affect the amount and the distribution of insurance provided
against income risk. Deriving the optimal combination of policy parameters that provide a welfare-
maximizing level of insurance conditional on (oft-changing) societal preferences for redistribution is

a challenging but important topic for future research.

38



References

ABRAHAM, S., AND L. SuN. 2018: “Estimating Dynamic Treatment Effects in Event Studies with

Heterogeneous Treatment Effects,” Working Paper, Working Paper.

AuToR, D. H., J. J. DONOHUE, AND S. J. SCHWAB. 2006: “The Costs of Wrongful-Discharge
Laws,” The Review of Economics and Statistics, 88, 211-31.

Bamwy, M. N. 1978: “Some aspects of optimal unemployment insurance,” Journal of Public

FEconomics, 10, 379-402.

BAKER, M., J. CURRIE, AND H. SCHWANDT. 2017: Mortality Inequality in Canada and the U.S.:

Divergent or Convergent Trends?, Working Paper, National Bureau of Economic Research.

BENABOU, R. 2002: “Tax and Education Policy in a Heterogeneous-Agent Economy: What Levels
of Redistribution Maximize Growth and Efficiency?” FEconometrica, 70, 481-517.

BENABOU, R. 2000: “Unequal Societies: Income Distribution and the Social Contract,” American

FEconomic Review, 90, 96-129.

Brack, D., K. DANIEL, AND S. SANDERS. 2002: “The Impact of Economic Conditions on
Participation in Disability Programs: Evidence from the Coal Boom and Bust,” American Economic

Review, 92, 27-50.

BorGHANS, L., A. C. GIELEN, AND E. F. P. LUTTMER. 2014: “Social Support Substitution and
the Earnings Rebound: Evidence from a Regression Discontinuity in Disability Insurance Reform,”

American Economic Journal: Economic Policy, 6, 34-70.

Borusvak, K., AND X. JARAVEL. 2016: “Revisiting Event Study Designs,” Working Paper,

Working Paper.

CANADIAN INSTITUTE FOR HEALTH INFORMATION. 2016: Trends in Income-Related Health
Inequalities in Canada, Technical Report,. Factors Influencing HealthOttawa, ON: Canadian

Institute for Health Information.

CHARLES, K. K., Y. L1, AND M. STEPHENS. 2017: “Disability Benefit Take-Up and Local Labor
Market Conditions,” The Review of Economics and Statistics, 100, 416-23.

CHETTY, R. 2006a: “A New Method of Estimating Risk Aversion,” American Economic Review, 96,

39



1821-34.

CHETTY, R. 2006b: “A general formula for the optimal level of social insurance,” Journal of Public

FEconomics, 90, 1879-1901.

CHETTY, R., AND A. FINKELSTEIN. 2013: “Social Insurance: Connecting Theory to Data,” in
Handbook of Public Economics, ed. by Auerbach, A. J., R. Chetty, M. Feldstein, and E. Saez.
Elsevier, 111-93.

CHETTY, R., AND A. SzZEIDL. 2007: “Consumption Commitments and Risk Preferences,” The

Quarterly Journal of Economics, 122, 831-77.

Davis, S. J., AND T. VON WACHTER. 2011: “Recessions and the Costs of Job Loss,” Brookings

Papers on Economic Activity, 2011.

DoBKIN, C., A. FINKELSTEIN, R. KLUENDER, AND M. J. NOTOWIDIGDO. 2018: “The Economic

Consequences of Hospital Admissions,” American Economic Review, 108, 308-52.

EATON, J., AND H. S. ROSEN. 1980: “Optimal Redistributive Taxation and Uncertainty,” The
Quarterly Journal of Economics, 95, 357—64.

FaprLon, 1., anD T. H. NIELSEN. 2017: Family Labor Supply Responses to Severe Health Shocks,

Working Paper, National Bureau of Economic Research.

FarHI, E., AND I. WERNING. 2013: “Insurance and Taxation over the Life Cycle,” The Review of

FEconomic Studies, 80, 596-635.

FELDSTEIN, M. S. 1969: “The Effects of Taxation on Risk Taking,” Journal of Political Economy,
77, 755—64.

GARCIiA-GOMEZ, P., H. vaAN KIPPERSLUIS, O. O’DONNELL, AND E. VAN DOORSLAER. 2013:
“Long Term and Spillover Effects of Health Shocks on Employment and Income,” Journal of Human

Resources, 48, 873-909.

GOODMAN-BACON,; A. 2018: Difference-in-Differences with Variation in Treatment Timing, Working

Paper, National Bureau of Economic Research.
GRUBER, J. 2016: Public Finance and Public Policy, Fifth Edition.New York: Worth Publishers.

HEATHCOTE, J., K. STORESLETTEN, AND G. L. VIOLANTE. 2019: Optimal Progressivity with

Age-Dependent Taxation, Working Paper, National Bureau of Economic Research.

40



HeEATHCOTE, J., K. STORESLETTEN, AND G. L. VIOLANTE. 2017: “Optimal Tax Progressivity:

An Analytical Framework,” The Quarterly Journal of Economics, 132, 1693-1754.

HENDREN, N. 2017: “Knowledge of Future Job Loss and Implications for Unemployment Insurance,”

American Economic Review, 107, 1778-1823.

Hovnes, H. W., AND E. F. P. LurTMER. 2011: “The insurance value of state tax-and-transfer
programs,” Journal of Public Economics, 95. Special Issue: International Seminar for Public

Economics on Normative Tax Theory, 1466-84.

JacoBsoN, L. S.; R. J. LALONDE, AND D. G. SULLIVAN. 1993: “Earnings Losses of Displaced

Workers,” The American Economic Review, 83, 685-709.

JAEGER, S. 2016: “How Substitutable Are Workers? Evidence from Worker Deaths,” Job Market

Paper, Harvard University: Job Market Paper.

JAROSCH, G. 2015: “Searching for Job Security and the Consequences of Job Loss,” Working Paper,

Working Paper.

Kakwant, N. C. 1977: “Measurement of Tax Progressivity: An International Comparison,” The

Economic Journal, 87, 71-80.

KoNiNGg, P. W. C., AND D. J. vAN VUUREN. 2010: “Disability insurance and unemployment

insurance as substitute pathways,” Applied Economics, 42, 575-88.

MagsTAs, N., K. J. MULLEN, AND A. STRAND. 2018: The Effect of Economic Conditions on
the Disability Insurance Program: Evidence from the Great Recession, Working Paper, National

Bureau of Economic Research.

MARMOT, M. G., G. D. SMITH, S. STANSFELD, C. PATEL, F. NORTH, J. HEAD, I. WHITE, E.
BRUNNER, AND A. FEENEY. 1991: “Health inequalities among British civil servants: The Whitehall

IT study,” Lancet, 337, 1387-93.

MORISSETTE, R., H. Qiu, AND P. C. W. CHAN. 2013: “The risk and cost of job loss in Canada,
1978-2008,” Canadian Journal of Economics/Revue canadienne d’économique, 46, 1480-1509.

MUSGRAVE, R. A. 1959: The Theory of Public Finance: A Study in Public Economy, New York:
McGraw-Hill.

SANMARTIN, C., A. REICKER, A. DASsYLvA, M. ROTERMANN, S.-H. JEON, R. FrRANSOO, H.

41



WUNSCH, ET AL. 2018: “Data resource profile: The Canadian Hospitalization and Taxation

Database (C-HAT),” International Journal of Epidemiology,.

SARSONS, H. 2017: “Interpreting Signals in the Labor Market: Evidence from Medical Referrals,”
Job Market Paper, Harvard University: Job Market Paper.

STATISTICS CANADA. 2016a: “Changes in Work and Earnings Following Health Shocks (082-2015),”
Approved record linkages, 2015 submissions, http://www.statcan.ge.ca/eng/record/2015#a1536,
Accessed 05/17/2017.

STATISTICS CANADA. 2016b: “Annual Income Estimates for Census Families and Individuals
(T1 Family File),” Surveys and statistical programs, http://www23.statcan.gc.ca/imdb/p2SV.pl?
Function=getSurvey&SDDS=4105, Accessed 05/15/2017.

STATISTICS CANADA. 2017: “Directive on Microdata Linkage,”http://www.statcan.gc.ca/eng/

record /policy4-1, Accessed 05/17/2017.

STATISTICS CANADA. 2018: Longitudinal Administrative Data Dictionary, 2016, 12-585-X, Ottawa,
ON: Statistics Canada.

9

STAUBLI, S. 2011: “The impact of stricter criteria for disability insurance on labor force participation,’

Journal of Public Economics, 95. Special Issue: The Role of Firms in Tax Systems, 1223-35.

VARIAN, H. 1980: “Redistributive taxation as social insurance,” Journal of Public Economics, 14,

49-68.

WEINZIERL, M. 2011: “The Surprising Power of Age-Dependent Taxes,” The Review of Economic
Studies, 78, 1490-1518.

42


http://www.statcan.gc.ca/eng/record/2015#a1536
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=4105
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=4105
http://www.statcan.gc.ca/eng/record/policy4-1
http://www.statcan.gc.ca/eng/record/policy4-1

Table 1: Summary Statistics Before and After Matching

Before Matching After Matching
Panel A: Layoff Events Laid Off Not Laid Off Laid Off Not Laid Off
in Index Year k in Index Year k in Index Year k in Index Year k

Female 47% 53% 47% 47%

Age in Index Year 384 40.2 38.4 384
25-29 21% 14% 21% 21%
30-34 17% 15% 17% 17%
35-39 16% 16% 16% 16%
40-44 17% 19% 17% 17%
45-49 16% 19% 16% 16%
50-54 13% 17% 13% 13%

Province in Index Year
BC, AB, SK 36% 37% 36% 36%

ON 50% 54% 52% 52%

NS, NB, PEI, NL 14% 9% 12% 12%
Married, Year k-3 69% 76% 69% 69%
Individual Earnings, Year k-3 31,032 46,762 31,419 31,500
Household After-Tax Income, Year k-3 65,208 84,280 65,194 65,171
Events, Pooling Index Years 2003-2010 1,637,503 53,059,746 1,568,756 1,568,756
Unique Individuals 10,844,021 2,949,304
Panel B: Hospitalization Events Hospitalized Not Hospitalized Hospitalized Not Hospitalized

in Index Year k in Index Year k in Index Year k in Index Year k

Female 58% 50% 58% 58%

Age in Index Year 41.8 39.8 41.8 41.8
25-29 11% 16% 11% 11%
30-34 12% 15% 12% 12%
35-39 15% 16% 15% 15%
40-44 19% 18% 19% 19%
45-49 22% 18% 22% 22%
50-54 22% 16% 22% 22%

Province, Year k-3
BC, AB, SK 39% 36% 39% 39%

ON 48% 53% 49% 49%

NS, NB, PEI, NL 12% 10% 12% 12%
Married, Year k-3 73% 75% 73% 73%
Individual Earnings, Year k-3 42,332 44,814 42,498 42,477
Household After-Tax Income, Year k-3 78,728 81,814 78,822 78,700
Events, Pooling Index Years 2003-2010 1,184,343 56,417,076 1,167,699 1,167,699
Unique Individuals 11,080,373 2,418,694

Notes: This table presents frequencies, means and counts from the analysis sample described in Section 3.2, before
and after the matching procedure described in Section 3.3.

43



Table 2: Definitions of Income Components

Income Components

Statistics Canada

Variable Name

Definition

Labor Income

Employment earnings
Self-employment income

Other employment income

Exempted income for Status Indians

Nonlabor Income

Limited partnership income
Dividends

Interest and other investment income
Rental income, net

Alimony or separation allownaces

Other income

Pension and superannuation income

RRSP income of individuals aged 65 or over

Transfers and Credits

0Old Age Security pension

Canada/Quebec pension plan

Net federal supplements

Employment insurance

Goods and services tax credit

Provincial refundable tax credits

Refundable medical expenses

Social assistance

Workers' compensation
Child tax benefits

Family benefits

Universal child care benefit

Registered disability savings plan

Working income tax benefit

Taxes
Federal taxes
Provincial taxes

Quebec abatement

T4E
SEI

OEI
EXIND

LTPI
XDIV
INVI
RNET

ALMI / TALIR

O1

SOP4A
RRSPO

OASP

CQPP

NFSL

EINS
GHSTC
PTXC
MDREF

SASPY

WKCPY
CTBI

FABEN

UCCB

RDSP

WITB

NFTXC
NPTXC
ABQUE

Total earnings from T4 'Statement of Remuneration Paid' slips

Sum of net self-employment income from: business, professional, commission,
farming, fishing, Indian exempt self-employment

Other employment income (ex: tips, director's fees. varies over time.)

Employment income for a Status Indian exempted from income tax

Net partnership income for limited or non-active partners of a partnership that
did not include a rental or farming operation

Amount of dividends received by the taxfiler

Income earned from interest such as government bonds, corporate bonds, trusts,
bank deposits, mortgages, notes, foreign dividend income, etc.

Net income from rental income after costs and expenses are deducted

Taxable income received from a former spouse for spousal support (alimony)
and/or for child support (maintenance)

Taxable income not listed elsewhere on the tax return (ex: artist's project
grants, research grants, retiring allowances, etc.)

Pension income from private sources, including foreign pensions

Income from Registered Retirement Savings Plans (RRSPs) at ages 65+

The pension is part of the Old Age Security program, a federal porgram that
provides financial security to Canadian Seniors. Excludes Guaranteed Income
Suppment (GIS) and Spousal Allowance (SPA): see NFSL.

Income received from Canada or Quebec Pension Plan (CPP/QPP), such as
retirement, disability, survivor's, children's and death benefits.

Combination of Guaranteed Income Supplement (GIS), Allowance for the
Survivor, and Spouse's Allowance which are parts of the Old Age Security
(OAS) program for seniors with low or no income

Employment insurance benefits including layoff, sickness, injury, pregnancy, birth
or adoption of a child

Sales tax credit intended to offset the cost of the General Sales Tax (GST) for
lower income individuals and families

Provincial refundable tax credits (ex: Child's Fitness, healthy homes renovation
tax credit, etc.)

Refundable tax credit that can be claimed for medical expenses incurred by low
income residents of Canada

Social assistance provided to meet the cost of basic requirements for a single
person or a family

Payments received for worker's compensation for eligible injuries

Income supplement for individuals with at least 1 qualified dependent child
Benefits received from Family Allowance and family benefits from both federal
and provincial programs

An amount of $100 paid for each dependent child under age 6

Income from a registered disability savings plan for persons with long-term
disability who hold a valid disability certificate (Government provides deposits
and matching into RDSP)

Federal refundable tax credit with a basic amount and a disability supplement

for low-income individuals who are in the workfroce

Income tax required to be paid to the federal Government of Canada
Income tax required to be paid to a provincial government

Reduction of the federal income tax paid by Quebec residents

Notes: These income components are reported on Canadian tax returns or tax slips. The Statistics Canada variable
names are used by the Income Statistics Division in their databases such as the T1 Family File (T1FF) and the
Longitudinal Administrative Database (LAD). Further details about each variable can be found in the data dictionary

for the LAD (Statistics Canada 2018).
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Table 3: Decomposition of Social Insurance Post-Layoff

Full Household Income Quintile 3 Years Pre-Layoff

Sample
Bottom 2nd 3rd 4th Top

Average Change in Log Income (Discounted Geometric Mean in Years k to k+5)

Before Taxes and Transfers -0.248 -0.298 -0.266 -0.232 -0.211 -0.207
(0.001) (0.002)  (0.002)  (0.002)  (0.001)  (0.002)
After Ul and DI -0.198 -0.226 -0.203 -0.187 -0.179 -0.185
(0.001) (0.002)  (0.002)  (0.002)  (0.001)  (0.002)
After All Transfers -0.151 -0.153 -0.146 -0.147 -0.150 -0.165
(0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
After Taxes and Transfers -0.138 -0.139 -0.133 -0.133 -0.137 -0.149
(0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
Insurance Value of All Taxes and Transfers (% of Consumption) 10.42 14.65 12.51 9.38 7.17 5.60
(0.04) (0.11) (0.08) (0.07) (0.06) (0.06)
Insurance Value of UI and DI 4.70 6.62 5.97 4.28 3.04 2.12
(0.01) (0.04) (0.03) (0.02) (0.02) (0.02)
Insurance Value of Other Transfers 4.43 6.79 5.32 3.82 2.85 1.97
(0.03) (0.10) (0.06) (0.05) (0.04) (0.04)
Insurance Value of Taxes 1.29 1.24 1.21 1.28 1.28 1.52
(0.01) (0.01) (0.02) (0.02) (0.02) (0.02)
Share of Social Insurance from UI and DI 45.2% 45.6% 47.8% 45.7% 42.4% 37.9%
0.2) (0.4) (0.3) (0.3) 0.3) (0.3)
Percentage Loss in Income Before Taxes and Transfers -21.9% -25.8% -23.4% -20.7% -19.0% -18.7%
Percentage Loss in Income After Taxes and Transfers -12.9% -13.0% -12.4% -12.5% -12.8% -13.9%
UI and DI: Insurance Scaling Factor 0.82 0.79 0.78 0.82 0.86 0.90
Replacement Rate 15.1% 16.3% 18.0% 15.4% 12.0% 8.4%
Income Stabilization 3.5% 6.1% 4.4% 2.7% 1.8% 1.3%
Other Transfers: Insurance Scaling Factor 0.78 0.70 0.74 0.80 0.85 0.90
Replacement Rate 10.7% 8.6% 14.1% 12.0% 10.1% 6.5%
Income Stabilization 12.5% 23.5% 14.0% 9.0% 5.8% 3.8%
Taxes: Insurance Scaling Factor 0.92 0.92 0.92 0.91 0.92 0.91
Marginal Tax Rate 20.3% 16.1% 18.6% 20.8% 22.5% 25.5%
Average Tax Rate 13.0% 8.6% 11.2% 13.4% 15.6% 18.3%
Number of Layoff Events 1,560,277 364,629 359,950 314,180 283,255 237,909

Notes: The upper panel reports the mean difference in discounted log income between each laid off person and their
matched pair. The discounted log income is computed for each individual as the log of the discounted geometric mean
of income over a six year horizon starting in the year of the layoff, using an annual discount rate of 0.97. The insurance
value of all taxes and transfers and of each component of taxes and transfers is derived using equations (6), (7) and
(8) as a function of the changes in log income. The lower panel reports the percentage losses in income before and
after taxes and transfers, calculated using the discounted mean of log income in the treated and matched comparison
group. The percentage loss in income after taxes and transfers is equal to the percentage loss in income before taxes
and transfers multiplied by the three “insurance scaling factors”, which are derived in equation (10). Equation (10)
further decomposes each scaling factor into two components. This table reports each of these six components in the
most interpretable units rather than directly presenting the multiplicative factors A.7, A.i, B.i, B.#, C.i and C.7.
The equivalent set of results calculated using discounted arithmetic means instead of discounted geometric means,
which measures the value of insurance under perfect consumption smoothing rather than hand-to-mouth consumption,
is reported in Appendix Table 1.
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Table 4: Decomposition of Social Insurance Post-Hospitalization

Full Household Income Quintile 3 Years Pre-Hospitalization

Sample
Bottom 2nd 3rd 4th Top

Average Change in Log Income (Discounted Geometric Mean in Years k to k+5)

Before Taxes and Transfers -0.149 -0.335 -0.183 -0.121 -0.089 -0.056
(0.001) (0.004)  (0.002)  (0.002)  (0.001)  (0.001)
After Ul and DI -0.125 -0.294 -0.146 -0.099 -0.075 -0.048
(0.001) (0.004) (0.002) (0.001) (0.001) (0.001)
After All Transfers -0.065 -0.104 -0.076 -0.061 -0.054 -0.037
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001)
After Taxes and Transfers -0.060 -0.095 -0.070 -0.057 -0.050 -0.035
(0.001) (0.002) (0.001) (0.001) (0.001) (0.001)
Insurance Value of All Taxes and Transfers (% of Consumption) 8.52 21.36 10.64 6.19 3.88 2.05
(0.06) (0.18) (0.10) (0.09) (0.04) (0.05)
Insurance Value of UI and DI 2.23 3.61 3.51 2.13 1.37 0.77
(0.01) (0.07) (0.04) (0.03) (0.02) (0.02)
Insurance Value of Other Transfers 5.83 16.93 6.62 3.65 2.10 1.08
(0.05) (0.17) (0.08) (0.07) (0.03) (0.03)
Insurance Value of Taxes 0.46 0.82 0.52 0.41 0.40 0.19
(0.01) (0.02) (0.02) (0.02) (0.02) (0.03)
Share of Social Insurance from UI and DI 26.2% 16.9% 33.0% 34.3% 35.5% 37.6%
0.2) (0.3) (0.4) (0.5) 0.6) (0.8)
Percentage Loss in Income Before Taxes and Transfers -13.8% -28.5% -16.7% -11.4% -8.5% -5.4%
Percentage Loss in Income After Taxes and Transfers -5.8% -9.0% -6.8% -5.6% -4.8% -3.5%
UI and DI: Insurance Scaling Factor 0.85 0.90 0.81 0.83 0.85 0.86
Replacement Rate 11.9% 3.8% 14.9% 15.0% 13.8% 12.7%
Income Stabilization 3.2% 6.9% 4.6% 2.6% 1.6% 0.9%
Other Transfers: Insurance Scaling Factor 0.53 0.39 0.54 0.63 0.72 0.78
Replacement Rate 39.2% 42.8% 36.4% 30.7% 23.7% 20.1%
Income Stabilization 12.8% 32.4% 15.4% 8.9% 5.3% 2.9%
Taxes: Insurance Scaling Factor 0.93 0.91 0.93 0.93 0.92 0.95
Marginal Tax Rate 20.2% 15.4% 17.3% 19.5% 22.2% 23.9%
Average Tax Rate 14.0% 7.5% 11.1% 13.7% 15.9% 19.7%
Number of Hospitalization Events 1,161,414 198,527 229,162 233,769 245,667 253,793

Notes: This table replicates Table 3 for hospitalization events. See the notes to Table 3 for details. The equivalent
set of results calculated using discounted arithmetic means instead of discounted geometric means, which measures
the value of insurance under perfect consumption smoothing rather than hand-to-mouth consumption, is reported in
Appendix Table 2.
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Figure 1: Layoffs Cause Persistent Declines in Average Income

A) Difference in Annual Earnings,
Plotting Each Layoff Cohort
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B) Annual Earnings,
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Notes: In Panel A, eight grey lines plot the coefficients from event studies estimated using equation (9) for each of
the eight cohorts laid off in index years 2003 through 2010. The solid red line plots the pooled event study estimate,
which is equal to the unweighted average of the estimates from the eight index years. These estimates are constructed
using the taxfiling sample, which excludes both members of a matched pair in any year where either did not file
their taxes. The pooled estimates using the full sample are plotted as the dashed red line. Panels B, C and D plot
pooled event study estimates from the taxfiling sample for three different income measures. Each point for laid off
individuals is plotted at the observed level of their mean outcome in that year. The line for “not laid off” individuals
is normalized to have the same mean as the laid off individuals over years k — 5 to kK — 3 to ease comparison of
trends. The difference between these two lines is equal to the event study estimate. The discounted losses reported
in each panel are computed using a discounted geometric mean over the six year period starting in the year of the
layoff. Standard errors are computed using 50 bootstrap iterations resampling matched pairs, with the 95% confidence
intervals plotted in Panels B, C and D as the width of the line for laid off individuals.
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Figure 2: Social Insurance Against Layoff Risk is Primarily from Redistributive
Taxes and Transfers

Log Income Decline
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Notes: This panel plots the pooled event study estimates of the difference in log income between laid off individuals
and the matched comparison group for four measures of log income: (i) before taxes and transfers, (ii) after Ul and
DI benefits, (iii) after all transfers, and (iv) after taxes and transfers. The differences between these lines, which are
shaded as solid areas, measure the sequential decomposition of the insurance value of the tax and transfer system
described by equations (6), (7) and (8). The associated numeric estimates are reported in Table 3.
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Figure 3: Social Insurance Compresses the Distribution of Post-Layoff Income Losses

A) Drop in Household Income Before Taxes and Transfers
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B) Drop in Household Income After Taxes and Transfers
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Notes: Each histogram presents estimates of the causal effect of layoff events on the distibution of income gains
and income losses during the subsequent six years, measured relative to pre-layoff income. The height of each bar
measures the difference in probability mass between the laid off group and the matched control group. The underlying
distributions of relative income changes in the treated group and control group are plotted in Appendix Figure 6.
The underlying distributions of income levels before and after taxes are plotted separately in each year in Appendix
Figures 7 and 8. The rightmost bar measures the difference in probability of income gains of 100% or more. The
histogram for changes in “income after Ul and DI” is plotted in both Panel A and Panel B to facilitate comparisons
with the changes in income before and after taxes and transfers.
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Figure 4: Low-Income Workers Experience Larger Post-Layoff Income Losses Before
Taxes and Transfers but Similar Income Losses After Taxes and Transfers

A) Income After Taxes and Transfers
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Notes: Panel A replicates Figure 1D in subsamples restricted to individuals in the bottom and top quintiles of
household income in the third year prior to the layoff event. The 95% confidence intervals for each event study
estimate are plotted as the shaded grey region. Panel B replicates Figure 2 in the same subsamples. See the notes to
Figures 1 and 2 for details. The associated numeric estimates are reported in Table 3.
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Figure 5: Redistributive Taxes and Transfers Provide the Majority of Social
Insurance Against Layoff Risk Throughout the Income Distribution

A) Incomes Losses Post-Layoff, by Pre-Layoff Income Decile
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Notes: Panel A plots the mean difference in discounted log income between each laid off person and their matched
pair, estimated separately by household income decile three years prior to hospitalization. The discounted log income
is computed for each individual as the log of the discounted geometric mean of income over the six year period starting
in the year of the layoff using an annual discount rate of 0.97. Panel B plots the insurance value of each component of
taxes and transfers, derived using equations (6), (7) and (8) and the changes in log income plotted in Panel A. The
values plotted by income decile in Panels A and B are reported by income quintile in the uppermost panel of Table 3.
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Figure 6: Social Insurance Against Hospitalization Risk is Primarily from
Redistributive Taxes and Transfers

A) Difference in Individual Earnings, Plotting Each Hospitalization Cohort
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Notes: Panel A replicates Figure 1A using hospitalization events. Panel B replicates Figure 2 using hospitalization
events. See the notes to Figures 1 and 2 for details. The associated numeric estimates for Panel B are reported in
Table 4.
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Figure 7: Social Insurance Compresses the Distribution of Post-Hospitalization
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Notes: This figure replicates Figure 3 using hospitalization events. See the notes to Figure 3 for details.
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Figure 8: Redistributive Taxes and Transfers Provide the Majority of Social
Insurance Against Hospitalization Risk Throughout the Income Distribution

A) Incomes Losses Post-Hospitalization, by Pre-Hospitalization Income Decile
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B) Decomposition of Insurance Value, by Pre-Hospitalization Income Decile
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Notes: This figure replicates Figure 5 using hospitalization events. See the notes to Figure 5 for details. The values
plotted by income decile in Panels A and B are reported by income quintile in the uppermost panel of Table 4.
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Figure 9: Annual Value of Social Insurance Against Layoff and Hospitalization Risk
from Taxes and Transfers

A) Total Annual Value of the Tax and Transfer System

Total Value (2015 CA$)
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B) Annual Value of Social Insurance Against Layoff and Hospitalization Risk
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Notes: This figure plots the ez ante annual value of taxes and transfers estimated for each income ventile during 2005
to 2010. Individuals’ information sets are measured in 2002 using the same set of matching variables described in
Section 3.3, with the paired caliper match step replaced by an exact match to all individuals with the same ventile of
individual and household income. In Panel A, the static value is estimated in 2005. The redistributive value is the
expected amount of redistribution during 2005 to 2010. The “redistributive + shock insurance” value incorporates the
value of insurance measured during 2005 to 2010 against the income risks experienced by individuals following a layoff
or a hospitalization event between 2003 and 2010. The “redistributive + all insurance” value incorporates the value of
insurance against all income fluctuations in 2005 to 2010 conditional on the information set measured in 2002. Panel
B decomposes the ez ante insurance value of taxes and transfers against layoff and hospitalization risk into the same
three components whose ex post value following layoff and hospitalization events is plotted in Figures 5B and 8B. The
same figures are plotted in Appendix Figure 15 with values expressed as a share of consumption instead of in dollars.
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Appendix Table 1: Decomposition of Social Insurance Post-Layoff Under Perfect
Consumption Smoothing, Using Discounted Arithmetic Means

Full

Household Income Quintile 3 Years Pre-Layoff

Sample
Bottom 2nd 3rd 4th Top
Average Change in Log Income (Discounted Arithmetic Mean in Years k to k+5)
Before Taxes and Transfers -0.202 -0.240 -0.213 -0.190 -0.176 -0.175
(0.001) (0.002) (0.002) (0.001) (0.001) (0.001)
After UI and DI -0.165 -0.184 -0.167 -0.157 -0.154 -0.160
(0.001) (0.002)  (0.001)  (0.001)  (0.001)  (0.001)
After All Transfers -0.134 -0.136 -0.128 -0.130 -0.134 -0.147
(0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
After Taxes and Transfers -0.122 -0.124 -0.117 -0.118 -0.122 -0.133
(0.001) (0.001)  (0.001)  (0.001)  (0.001)  (0.001)
Insurance Value of All Taxes and Transfers (% of Consumption) 7.65 10.87 9.18 6.86 5.25 4.12
(0.04) (0.08) (0.08) (0.05) (0.05) (0.04)
Insurance Value of Ul and DI 3.50 5.21 4.43 3.11 2.17 1.45
(0.01) (0.03) (0.02) (0.02) (0.01) (0.01)
Insurance Value of Other Transfers 3.03 4.56 3.71 2.64 1.97 1.34
(0.03) (0.08) (0.06) (0.04) (0.04) (0.02)
Insurance Value of Taxes 1.12 1.09 1.04 1.10 1.12 1.33
(0.01) (0.01) (0.02) (0.01) (0.01) (0.02)
Share of Social Insurance from UI and DI 45.9% 48.6% 48.3% 45.5% 41.3% 35.5%
0.2) (0.5) (0.4) 0.3) (0.4) (0.3)
Percentage Loss in Income Before Taxes and Transfers -18.3% -21.3% -19.2% -17.3% -16.1% -16.1%
Percentage Loss in Income After Taxes and Transfers -11.5% -11.7% -11.0% -11.2% -11.5% -12.5%
UI and DI: Insurance Scaling Factor 0.83 0.79 0.80 0.84 0.88 0.92
Replacement Rate 14.5% 17.4% 17.5% 14.1% 10.6% 7.0%
Income Stabilization 2.5% 4.4% 3.1% 1.9% 1.3% 0.9%
Other Transfers: Insurance Scaling Factor 0.82 0.76 0.78 0.84 0.88 0.92
Replacement Rate 8.5% 6.4% 11.8% 9.7% 7.9% 5.0%
Income Stabilization 10.2% 19.3% 11.4% 7.4% 4.7% 3.1%
Taxes: Insurance Scaling Factor 0.92 0.92 0.92 0.92 0.92 0.91
Marginal Tax Rate 20.5% 16.5% 18.8% 20.9% 22.6% 25.6%
Average Tax Rate 13.4% 9.2% 11.6% 13.8% 15.9% 18.6%
Number of Layoff Events 1,560,277 364,629 359,950 314,180 283,255 237,909
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Appendix Table 2: Decomposition of Social Insurance Post-Hospitalization Under
Perfect Consumption Smoothing, Using Discounted Arithmetic Means

Full Household Income Quintile 3 Years Pre-Hospitalization

Sample
Bottom 2nd 3rd 4th Top

Average Change in Log Income (Discounted Arithmetic Mean in Years k to k+5)

Before Taxes and Transfers -0.124 -0.296 -0.148 -0.096 -0.071 -0.043
(0.001) (0.003)  (0.002)  (0.002)  (0.001)  (0.001)
After Ul and DI -0.106 -0.261 -0.120 -0.080 -0.062 -0.038
(0.001) (0.003)  (0.002)  (0.002)  (0.001)  (0.001)
After All Transfers -0.057 -0.098 -0.066 -0.053 -0.046 -0.031
(0.001) (0.002)  (0.001)  (0.001)  (0.001)  (0.001)
After Taxes and Transfers -0.052 -0.088 -0.060 -0.049 -0.043 -0.029
(0.001) (0.002)  (0.001)  (0.001)  (0.001)  (0.001)
Insurance Value of All Taxes and Transfers (% of Consumption) 6.88 18.73 8.34 4.57 2.81 1.44
(0.04) (0.16) (0.13) (0.07) (0.06) (0.04)
Insurance Value of Ul and DI 1.70 3.11 2.66 1.52 0.94 0.50
(0.02) (0.06) (0.05) (0.03) (0.01) (0.01)
Insurance Value of Other Transfers 4.75 14.80 5.19 2.68 1.52 0.75
(0.04) (0.14) (0.09) (0.06) (0.04) (0.02)
Insurance Value of Taxes 0.43 0.82 0.50 0.37 0.35 0.19
(0.01) (0.02) (0.02) (0.02) (0.02) (0.02)
Share of Social Insurance from UI and DI 24.7% 16.6% 31.9% 33.3% 33.5% 35.1%
0.2) (0.3) (0.4) 0.6) (0.6) (1.0)
Percentage Loss in Income Before Taxes and Transfers -11.6% -25.6% -13.7% -9.2% -6.9% -4.2%
Percentage Loss in Income After Taxes and Transfers -5.1% -8.5% -5.9% -4.8% -4.2% -2.8%
UI and DI: Insurance Scaling Factor 0.86 0.90 0.82 0.84 0.87 0.88
Replacement Rate 11.5% 5.2% 14.9% 14.0% 11.9% 10.9%
Income Stabilization 2.3% 5.2% 3.3% 1.8% 1.2% 0.7%
Other Transfers: Insurance Scaling Factor 0.55 0.40 0.56 0.67 0.76 0.81
Replacement Rate 38.6% 44.1% 35.5% 28.0% 20.9% 17.5%
Income Stabilization 10.6% 27.7% 12.8% 7.3% 4.4% 2.4%
Taxes: Insurance Scaling Factor 0.92 0.91 0.92 0.93 0.93 0.94
Marginal Tax Rate 20.9% 16.3% 18.3% 19.9% 22.4% 24.8%
Average Tax Rate 14.3% 8.1% 11.5% 14.0% 16.2% 19.9%
Number of Hospitalization Events 1,161,414 198,527 229,162 233,769 245,667 253,793
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Appendix Figure 1: Parametrization of Effective Tax and Transfer Rates

A) Canada: Tax Data
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Appendix Figure 2: Changes in Annual Employment Rates around Layoffs and
Hospitalizations

A) Layoffs
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Appendix Figure 3: Changes in Household Size around Layoffs and Hospitalizations

A) Layoffs
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Appendix Figure 4: Tax Filing Rates around Layoffs and Hospitalizations
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Appendix Figure 5: Formal Social Insurance Post-Layoff is 98% UI and 2% DI

A) Short Term Disability Insurance
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Appendix Figure 6: Distributions of Earnings Changes Post-Layoff Relative to
Pre-Layoff Mean
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Appendix Figure 7: Distributions of Income Before Taxes and Transfers Each Year
Pre- and Post-Layoff
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Appendix Figure 8: Distributions of Income After Taxes and Transfers Each Year
Pre- and Post-Layoff
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Appendix Figure 9: Changes in Earnings and Income around Hospitalizations

A) Annual Earnings,
Pooling All Cohorts
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C) Income After Tax and Transfers
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Appendix Figure 10: Formal Social Insurance Post-Hospitalization is 98% DI and
2% Ul

A) Short Term Disability Insurance B) Long Term Disability Insurance
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Appendix Figure 11: Distributions of Earnings Changes Post-Hospitalization
Relative to Pre-Hospitalization Mean
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Appendix Figure 12: Distributions of Income Before Taxes and Transfers Each Year
Pre- and Post-Hospitalization
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Appendix Figure 13: Distributions of Income After Taxes and Transfers Each Year
Pre- and Post-Hospitalization
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Appendix Figure 14: Low-Income Workers Experience Larger Post-Hospitalization
Income Losses Before and After Taxes and Transfers
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Appendix Figure 15: Annual Value of Social Insurance Against Layoff and
Hospitalization Risk from Taxes and Transfers, as a Share of Consumption

A) Total Value of the Tax and Transfer System
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