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Abstract

We introduce a simple model-based measure that captures the degree of publicly provided
(partial) insurance against cyclical idiosyncratic income risk. We build an incomplete mar-
kets model a la Heathcote et al. (2014) where idiosyncratic productivity risk can be linked
analytically to consumption risk and, hence, to welfare. We feed estimated flexible earnings
processes for Sweden into the model—separately for pre-government and post-government
income. We use the model to back out the degree of partial insurance against pre-government
income risk for which the model yields a consumption process that makes households indiffer-
ent to the consumption process obtained when they alternatively face the post-government
process. The degree of partial insurance provided by the tax and transfer system amounts
to 43%. In the model this translates into a CEV gain of 14.3%. Isolating the cyclical
component, we find taxes and transfers insure 6% of shocks, translating into a CEV of
1.3%. However, the remaining risk (in post-government household-level income) is still sub-
stantial: households are willing to pay 4.6% of their consumption to completely eliminate
procyclical fluctuations in skewness. While the partial insurance value of public insurance
is very similar against skewed and symmetric income risk, the corresponding CEV gain
would be overstated (3%—more than twice as large—against the cyclical component) if the
pro-cyclicality in skewness of idiosyncratic risk is ignored.
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1 Introduction

In times of economic downturns individuals face a larger risk of income losses (i.e., in-
creased downside risk) along with a smaller risk of income gains (i.e., reduced upside
risk). This leads to asymmetric shifts in the distribution of individual income changes
over the business cycle—the resulting relationship between aggregate and idiosyncratic
income changes is well captured by procyclical skewness of the distribution of idiosyncratic
changes. Procyclical skewness is well-documented for a large set of countries (see, e.g.,
Guvenen et al., 2014; Busch et al., 2022, on the US, Germany, Sweden, and France). At
the same time, there is also evidence that existing tax and transfer schemes are successful
in providing partial insurance for households against idiosyncratic risk, and in particular
against increased downside risk in Contractions—indeed, policies like unemployment in-
surance are designed to insure against downside risk of job loss and the related income
losses. For example, Busch et al. (2022) (henceforth BDGM) document that existing
government policies dampen both the extent of income changes, downside risk, and its
cyclicality for a heterogeneous set of countries—the United States, Germany, and Sweden:
household income exhibits less dispersed and more symmetrically distributed changes than
pre-government household income, and the distribution is less responsive to the aggregate
business cycle. Yet, the welfare value of the smoothing power of tax and transfer systems
over the business cycle is hard to quantify in the data alone.

In this paper, we introduce a model-based measure that reflects how much house-
holds value the publicly provided insurance against cyclical idiosyncratic income risk. In
other words, we evaluate the insurance value of the tax and transfer system. To this
end, we use a modified version of the partial insurance model developed in Heathcote
et al. (2014) (henceforth HSV). The model shares two key ingredients with traditional
incomplete markets models (a la Aiyagari, 1995; Huggett, 1993; Imrohoroglu, 1989a): ex-
ogenous idiosyncratic productivity risk, and access to only partial insurance against it.
The distinct feature of the model is that idiosyncratic productivity risk can be linked to
consumption risk analytically. The model achieves this by the abstraction of two distinct
types of risks—one perfectly insurable, and one uninsurable. This is implemented with

an island structure, where a fraction of the overall idiosyncratic risk is shared among a



group of individuals, and a fraction is purely idiosyncratic." There is an equilibrium with
no asset trade across islands, such that island-level shocks pass-through one-for-one to
consumption. Within an island, risk is perfectly shared, and individual shocks do not
pass-through to individual consumption. This implies that the fraction of total shocks
attributed to within-island idiosyncratic shocks can be interpreted as the degree of partial
insurance against (total) idiosyncratic risk. We treat this fraction as the key parameter of
the model.

Given a stochastic process for the fundamental risk in the economy, the model is
agnostic with respect to the exact source of insurance—thereby the model captures various
possible channels of insurance, like family transfers or private savings (as discussed, e.g.,
in Blundell et al., 2008), while more standard incomplete market models explicitly allow
for one source of insurance: private savings in a riskfree asset. It does so in a reduced form
way, i.e., the different channels are not explicitly modeled. We treat stochastic household
income as the fundamental source of risk.? For a given degree of partial insurance, the
(exogenous) income process maps into an (endogenous) consumption process.

We use this structure of the model in order to trace out the degree of partial insur-
ance provided by the tax and transfer system in a flexible way that does not require the
specification of a tax function. To this end, we consider two scenarios in the model. In
the first scenario, we treat a stochastic income process that captures regularities of post-
government earnings as fundamental. Given an assumed amount of insurance against risk
remaining after taxes and transfers, the model delivers a consumption process. In the
second scenario, we treat an income process that captures regularities of pre-government
earnings as fundamental. We then search for the degree of partial insurance (i.e., the
fraction of shocks that is purely idiosyncratic and thus insured) for which the model yields
a consumption process that makes households indifferent to the consumption process ob-
tained under the post-government income process. This way, we obtain a measure of the
overall amount of partial insurance against pre-government income fluctuations, which we
translate into the degree of partial insurance provided by the tax and transfer system.

Thus, the model serves as a device for the measurement of the insurance value of taxes

!Reflecting the idiosyncratic nature of the considered shock, there is a continuum of such groups
(islands), and a continuum of agents on each island.

2In the original version of their model, HSV consider a wage process as the fundamental source of risk,
and explicitly model two insurance channels—endogenous labor supply adjustments and a progressive tax
function a la Bénabou (2002)—and capture insurance against the remaining risk in a reduced form way.



and transfers, which takes as inputs (estimated) income processes for pre-government in-
come and post-government income, and makes a minimal set of structural assumptions
(on preferences) and practical assumptions (on insurance beyond taxes and transfers).

In the benchmark calculation, we assume that permanent shocks to post-government
income cannot be insured against, while households are able to fully smooth out transi-
tory shocks. Given the catchall nature of the partial-insurance parameter in our employed
model framework, we consider full insurance against transitory shocks as a plausible bench-
mark. This is motivated by quantitative insights from calibrated incomplete markets mod-
els, in which households savings in a riskfree asset already generate a very low pass-through
of transitory shocks to consumption (e.g., Busch and Ludwig, 2020; De Nardi et al., 2020;
Kaplan and Violante, 2010a). Varying the degree of partial insurance against permanent
risk in post-government income does not have relevant effects on the measured degree of
partial insurance provided by the tax and transfer system.

We apply our approach to estimated income processes for income moments from
Swedish tax data. To generate non-zero skewness and excess kurtosis consistent with
the data, we specify the econometric model for (log) income as the sum of a permanent
process and a transitory component, where all innovations (shocks) are drawn from mix-
tures of normals. We estimate two sets of parameters of this process separately for pre- and
post-government household labor income by matching moments that capture the salient
features of household income change distributions and their cyclical properties as docu-
mented in BDGM.? We find that the degree of partial insurance provided by the tax and
transfer system amounts to about 43%, which translates into a welfare gain, expressed
as a consumption equivalent variation (CEV), of about 14.3% under log utility. We then
focus on the part of that gain that is attributable to smoothing business cycle variation
of the distribution. Taxes and transfers insure about 6% of the cyclical changes in the
distribution which translates into a CEV of about 1.3%. However, the remaining risk (in
post-government household-level income) is still substantial: households are willing to pay

4.6% of their consumption to completely eliminate procyclical fluctuations in skewness.

3Note that the specific parametric form of the distribution is not essential, as long as relevant moments
of the distribution are matched; see, e.g., Busch and Ludwig (2020), who illustrate how central moments
of the distribution map into choices of agents in a life-cycle model.



We then explicitly explore the role of taking into account higher-order risk in com-
parison to a Gaussian distribution that shares the same variance with the distributions
considered in the benchmark analysis. We find that with log utility it does not matter
much for the overall insurance gain of the tax and transfer system, which is not surprising
as risk attitudes against skewness and kurtosis are relatively weak in this specification.
Still, the insurance against cyclical variations in the distribution is valued twice as much
under a Gaussian distribution. Thus, when not taking into account higher-order risk one
would overestimate the insurance value of the tax and transfer system against cyclical
variations in idiosyncratic risk. Similarly, one would overestimate the potential gain of

further smoothing.

Related Literature. There is an extensive literature on the welfare benefits of tax and
transfer systems across the globe. For the case of Sweden, Floden and Linde (2001) found
large welfare gains from both redistribution and insurance against total uninsurable income
risk. In addition, certain public insurance instruments act as automatic stabilizers against
aggregate fluctuations (McKay and Reis, 2016). Drawing on recent empirical findings by
Busch et al. (2022), we aim to bridge the gap between these two lines of research and
gain insights into the welfare implications of tax and transfer systems for mitigating the
pass-through of aggregate fluctuations to individual income.

In doing so, we contribute to the literature on the welfare costs of business cycles, which
has a long history, tracing its origins to the pioneering work of Lucas (1987) but widely
generalized to the context of heterogeneous agents facing idiosyncratic income risk and
incomplete markets (Imrohoroglu, 1989b; Storesletten et al., 2001; Krusell et al., 2009).
This literature emphasizes the role of distributions and cyclical variation in idiosyncratic
income risk as a source of amplification of the welfare costs of cyclical fluctuations. The
distributional changes considered in these works are symmetric and following a Normal
distribution. In contrast, we pose a flexible distribution that allows for asymmetric fluc-
tuations of idiosyncratic risk that also capture the fact that changes are more likely to be
very small or very large compared to a Normal distribution (see evidence in, e.g., Guve-

nen et al., 2014; Busch et al., 2022). Importantly, our main goal lies on quantifying the



success of the existing tax and transfer system in smoothing business cycle variation in
idiosyncratic risk; different to Busch and Ludwig (2020), who explore the role of remaining
higher-order risk in a quantitative model.

To highlight the importance of our channels, we also adopt a less quantitatively rich
but very transparent modeling framework linking cyclical idiosyncratic risk to consumption
dynamics and welfare. We build on Heathcote et al. (2014)’s partial insurance framework.
In this sense, we bridge results from the life-cycle literature that focuses on a bundle of
self- and family-insurance channels beyond the traditional savings instruments considered
in the business-cycle literature (Blundell et al., 2008; Krueger and Perri, 2006; Kaplan
and Violante, 2010b). In contrast to HSV, who pose a process for wages and explicitly
model two insurance channels—endogenous labor supply and a progressive tax function—
we treat household income as the fundamental source of risk, and incorporate a rich income
process with time-varying risk in the spirit of McKay (2017) into the model framework,
while retaining analytical tractability.

The paper is organized as follows. Section 2 outlines our variant of the HSV model.
Section 3 introduces the income process. Section 4 discusses the quantitative results, and

Section 5 concludes.

2 Quantitative Model: A Measurement Device

2.1 Model Economy

Endowment structure and preferences. We consider a stochastic endowment econ-
omy, which is populated by a continuum of islands, each of which is in turn populated by
a continuum of agents. There are two types of shocks: one common to all members of
an island and the other purely idiosyncratic. The within-island shocks wash out on the
island, the island-level shocks wash out across islands, such that there is no aggregate risk
to total endowment. An island refers to a group of agents that are described by the same

history of island-level shocks (common to all members of the group).



Islands can be thought of as a network of family members, who perfectly share the risks
faced by each individual. If, for example, all family members work in the same industry
and live in the same region, there will be shocks that hit every member equally and hence
cannot be insured within the family network. Importantly for the quantitative analysis,
there is no need to define empirical counterparts to the model islands.

Specifically, individual income (endowments) is assumed to follow

island

Y = Y + yidio

yi = 2z +ey, e ~F,, foric {island, idio} (1)
z =z +n, n~F, forie {island,idio}

where 2! and ¢! for ¢ € {island, idio} denote the island-level and idiosyncratic permanent
and transitory components of income. All stochastic components of income are indepen-
dent and normalized such that [ exp (z})dF, = 1 for i € {island,idio} and = € {e,n}.

Agents live finite lives. Each period a mass (1 — ¢§) of newborns enters the economy with
age 0. The probability of survival from age a to age a+1 is constant at §. Agents maximize
discounted lifetime utility, whereby we assume time- and state-separable preferences. For
the per period utility function, we use log utility: U (¢;) = log(c;). We also study the
importance of this assumption and inspect the role of stronger risk attitudes by using
an alternative specification with a CRRA per period utility function with parameter of
relative risk aversion larger than 1.

Age 0 agents entering in year 7 hold zero financial wealth and are allocated to an island
of agents that then share the same sequence of island-level shocks {njsled, gjsland}™
Asset markets and equilibrium. Every period agents engage in asset trade. There
is a full set of state-contingent claims available to agents within islands. Claims are in
zero net supply. Across islands, agents cannot trade claims contingent on the island-
level shocks. This restriction on available assets implies that in equilibrium island-level
shocks remain uninsured, while within-island shocks are fully insured, and risk is shared
by all individuals on an island. In other words, a no-trade equilibrium in the spirit of

Constantinides and Duffie (1996) exists. While in their model, idiosyncratic endowment

shocks remain fully uninsured in this no-trade equilibrium, the equilibrium in our model



entails partial insurance: there is no asset trade across islands, while agents within an
island insure themselves perfectly against the individual-specific shocks. This mimics the
result in Heathcote et al. (2014).

In equilibrium, log consumption and consumption change are given by*

log ¢y (x4, ™) = 41" + log / exp (4i") dFfiaso (2)

feXp( zdzo) F;]L?Ofe}(p( zdw) ng;lfw
Jexp (ei%7) dFZye,
feXp( zdw) dewfexp( zdzo) dFEZfiw

[ exp (£i49) dFidio,

Aloge, = AyPl™ 4 log (3)

— nzsland+A€zsland+log

— nzsland_i_AEzsland,

where Aloge; = loge, — loge,_1 and A&t“l“”d = glsmnd 5?1‘1”. The above equation

summarizes the major advantage—relative to standard incomplete market models—of
introducing the partial insurance framework by the abstraction of islands: it allows for an
analytical solution in which consumption changes are expressible as an explicit function
of permanent shocks. Note that the uninsurable, island-level shocks translates one-for-one
to consumption. The individual realizations of the two insurable shocks, however, do not
affect consumption: given perfect risk-sharing, all members of an island consume the mean

realization of these shocks.

Degree of partial insurance. Blundell et al. (2008) introduce a pass-through coeffi-
cient for a given shock to denote the fraction of the shock that translates into consumption
changes. We use the model equivalent of the pass-through to define the insurance coeffi-
cients against transitory and permanent shocks, where in the same spirit as, e.g., Kaplan
and Violante (2010a) we assume that shock components are observed, i.e., transitory
and permanent shocks can be told apart by model agents. As is clear from (3), in our
model framework, island-shocks translate one-for-one to consumption—the pass-through
of shock to consumption is one—and idio-shocks do not translate into consumption—the
pass-through of shock to consumption is zero. We thus consider the pass-through not

to one of those shocks, but to the combined island and idio-shocks. First, consider the

4The derivation of consumption outlined in Heathcote et al. (2014) carries over one-for-one to our
model version, simplified by the fact that we do not have a tax function nor endogenous labor supply.



pass-through of overall income changes, i.e., Ay;:

COV(A log Ct, Ayt) o COV(AyiSland’ Ayt) B Var(Ayisland)

L=A= var(Ay;) n var(Ay;)  var(Ay) (4)

Thus, the ratio of the variance of island shocks to total shocks determines the pass-through
of income changes to consumption—and conversely, the ratio of the variance of idio shocks
to total shocks gives the degree of partial insurance, A.

We then split the above up, explicitly considering different degrees of insurance against

transitory and permanent shocks, which gives

cov(Alog ¢y, et)

L= Airans = var(e;) 5)
_ cov(Agistond g,y cov(gistand _ gistand gisland | cidio)
var(g;) var(e;)
var(gistand) var(gisland)

Var(gisland + gidio) = Var(gisland) + Var(eidio)
and

cov(Alog e, my)

L — Nperm = var () (6)
B COV(,r]é'sland, 77t) B COV(T]%Sland, ngsland + nzdio)
a var(n) a var (1)
Var(nz'sland) Var(nzsland)

- Var(nzsland 4 ntidio) - Var(ntisland) + Var(ntidio)’

such that the degree of partial insurance against permanent shocks, A,e, is given by the
fraction of the variance of permanent shocks attributable to the idio-component, and the
degree of partial insurance against transitory shocks is given by the fraction of the variance

of transitory shocks attributable to the ¢dio-component.

Tax and transfer system. We then introduce a tax and transfer system that alters
the endowment stream faced by agents. We do not explicitly model the tax system, but
retain full flexibility about its nature—i.e., we do not make any functional form assump-
tion. Instead, we consider a second scenario in which agents face income stream (1), but

with different distributions of shocks. Importantly, we maintain the normalization that



Jexp (x}) dF};, = 1 for i € {island, idio} and x € {e,n}, which means that we consider a
tax and transfer system that cross-sectionally redistributes endowments, and do not allow,

e.g., for wasteful government consumption.

2.2 Insurance Value of Tax and Transfer System

We now use the model structure outlined above in order to back out the degree of partial
insurance provided by the tax and transfer system. To this end, we consider the following
experiment. Agents live in one of two possible scenarios that differ in the endowment
streams that agents face. In the first, the endowment stream describes pre-government
incomes. In the second, the endowment stream describes post-government incomes. We
then assume a degree of partial insurance against (total) individual shocks in the post-
government scenario—i.e., we assume values for Ajvs,. and Aot - Given this assumed
amount of partial insurance, we obtain stochastic consumption streams per equation (3).

We then find the degree of partial insurance in the pre-government scenario that makes

agents ex ante indifferent to living in the post-government scenario (for the given degree

of insurance in the latter). Given that there are two types of shocks, in principle multiple

combinations of {\j;,s, Abie, } can exist that make agents indifferent. We assume that
APre = \P%! — 1. Thus, we assume that transitory shocks are well insured and do not

pass-through to consumption. In the abstraction of the island model this shows by having
no island-level shocks, and instead all transitory shocks happen purely within islands, and
thus can be insured away fully by agents trading state-contingent claims. As mentioned in
the introduction, note that incomplete market models typically find very high insurance
against transitory shocks through private savings alone (Busch and Ludwig, 2020; De Nardi
et al., 2020; Kaplan and Violante, 2010a), thus full insurance appears to be a plausible
assumption.

This leaves partial insurance against permanent risk as the relevant margin of the

model. Given an assumption regarding A2 . we find the A2 that makes agents in-

post

berm = 0. This assumption is

different. In our benchmark calculation, we assume that A
motivated by empirical results in Blundell et al. (2016), who find that the degree of partial

insurance on top of government and family transfers is very close to zero. The obtained



AP"¢ can then be interpreted as the degree of partial insurance provided by the government

under the assumption that there is no additional partial insurance. We show below that

post

perm 15 1OL strong.

the assumption on A

3 Empirical Ingredients: Income Processes

Given the measurement device provided by the model outlined above, we are set for
evaluating the degree of partial insurance provided by the tax and transfer system. The
two empirical ingredients necessary are two stochastic income streams: one that captures
the regularities of pre-government income, and one that captures the regularities of post-

government income. We estimate the income processes using Swedish data moments.

The income process. Let 3™ and 3’ denote log of pre- and post-government house-
hold income, respectively. We assume that it follows the following permanent-transitory

process (where we drop the explicit reference to pre or post-government income):

Yy = 2t + & (7)

Zt = Zi—1+ 0

where ¢, is an 7id transitory shock, drawn from a mixture of two normals N (fic, 02,), i=1,2,
with probabilities p. ; and 1—p. ;, respectively, fi. is chosen such that E [exp(¢)] = 1, and
denotes a permanent shock with time-varying and business-cycle-dependent distribution,
modeled as in McKay (2017). This specification allows the process to match excess kurtosis
and skewness found in the data.

In particular, 7, follows a mixture of three normals N (fi; + i + ¢itr, 07 ;), With
respective probability p,;, i = 1,2,3, where Zlepnyi = 1, z; is standardized log GDP
growth. We use GDP growth as the empirical measure of aggregate fluctuations in order
to make the quantitative results easily interpretable. The parameters ¢; determine how
strongly aggregate risk translates into changes of the distribution of idiosyncratic earnings

risk and are estimated together with the other parameters that characterize the distri-

butions of the shocks. As part of our goal is to capture the business-cycle fluctuations

10



of idiosyncratic income risk, we choose fi,, such that E [exp(n;)] = 1. In the estimation,
we then shift the distribution so as to impose the mean of medium-run (3-year) income

changes to be as in the data.

Estimation of process. We estimate the set of parameters x = {Xtrans: Xperm } Where

Xtrans — {Us,la 0-6,27])6,1} (8)

Xperm = {/ﬁnz, Hn,3,0n,150n,2, Pn,1, Pn,2, O, ¢53} (9)

by the simulated method of moments (SMM).” We target the time series of L9050 and
L5010° of the 1, 3, and 5-year earnings changes distribution, the average of the Crow-
Siddiqui measure of kurtosis of 1-, 3-, and 5-year changes, as well as the age profile of
the cross-sectional variance from ages 25 to 60. The Crow-Siddiqui measure of kurtosis
(Crow and Siddiqui, 1967) is defined as CS = %. This gives 213 moments for our
estimation of the income process for Sweden.

To construct the simulated income profiles over time, we write earnings growth as a

function of the shocks, using equation (7):
s—1
Yt — Yt—s = €t — Et—s + Z Nt—3j5 (10)
=0

for different horizons s = 1,3,5. The simulated series of the life-cycle variance profile of
log earnings is computed as follows. We assume a time-invariant distribution of shocks by
imposing x; = 0 Vt. Notice that this assumes that the variance accumulates linearly over
the life cycle. We then normalize the series so that the variance at age 25 in the simulation
is 0. Finally, we rescale the resulting simulated profile to exhibit the same mean as its
empirical counterpart.

We simulate these profiles R = 10 times for I = 100, 000 individuals and compute the
moments corresponding to the aforementioned targets. To find x, we minimize the average

scaled distance between the simulated and empirical moments. A weighting matrix is used

°For identification purposes, we impose 1,2 > 0, p, 3 < 0, and ¢; = 0. With this assumption, the
time-varying means of the three mixtures will control the center, right tail, and left tail of the distribution
of 1, respectively. For practical purposes, we further assume p, 2 = py 3,052 = 0y 3.

6 9050 = P90— P50 denotes the difference between the 90" and 50" percentiles, and likewise L5010 =
P50 — P10.
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to scale the life-cycle profile. In particular, we weight the variance profile with 20% and
the remaining moments with 80%. For the optimization part, we use a global version of
the Nelder-Mead algorithm with several quasi-random restarts, as described in Guvenen
(2011).

Let ¢ denote the empirical moment n (n = 1,--- N) that corresponds to cross-
sectional target m € {L5010(A'y,), L5010(A%y,), L5010(A®y,), . .., var (Yage=25); - - - »
var (Yage—eo) }- In each simulation, we draw a matrix of random variables X, = {&},¢},.. .,
SO nrf,,};l where T denotes the last year available in the data. For each simulation,
we calculate the respective simulated moments d”*(x, X,) given the parameter vector y.

We minimize the scaled deviation F'(x) between each data and simulated moment

min, F(x)'WF(x)
where F is defined as d"(x) —cr
Fa(x) = e

R
1
di(x) = > di(x Xr)
r=1

Parameter estimates. Table 1 shows the parameter estimates. Figures 3 and 4 in
Appendix A show the simulated moments at these parameters together with the empirical
moments.

To shed some light on the cyclical movements in idiosyncratic earnings risk, Figure 1
plots the distribution of the permanent component of income changes, 7;, in three years
of our sample for both pre-government and post-government income. Each panel shows
the simulated distribution for the estimated mixture of Normals in red (histogram), as
well as the density of the corresponding Normal distribution with the same mean and
variance (but with a skewness of 0 and a kurtosis of 3). Recall that x; is standardized log
GDP growth. The panels show the dynamics of individual risk around the great recession,
and reflect three states of the business cycle: 2008 is a contraction, where x; is —3.13, or
about 3 standard deviations below average), followed by an expansion in 2009 (z; is 1.84
standard deviations above average), followed by an about average year in 2010 (x; is 0.43

standard deviations above the average). In the plots, we use the normalization such that

E lexp(n)] = 1.
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Table 1: Estimated Parameter Values

Parameter Description

Pre-Gov. Post-Gov.

De,1 Mixture prob. of ¢ distribution 0.892 0.877
Oc1 St. dev. of e distribution mix. comp. 1 0.055 0.047
Oc2 St. dev. of e distribution mix. comp. 2 0.628 0.401
Pn.1 Weight of center of n distribution 0.981 0.981
Pn,2 Weight of right tail of n distribution 0.010 0.009
Pn.,3 Weight of left tail of n distribution 0.010 0.009
On.1 St. dev. of center of n distribution 0.086 0.057
0.2 St. dev. of right tail of n distribution 0.020 0.009
O3 St. dev. of left tail of n distribution 0.020 0.009
L 2 Mean of right tail of n distribution 0.002 0.008
fn 3 Mean of left tail of n distribution -0.158 -0.065
o)) Aggregate risk transmission upper tail 1.186 1.240
03 Aggregate risk transmission lower tail 0.467 0.229
M # moments targeted in estimation 213 213

Note: Estimated parameters for gross household labor income (Pre-Gov.) and household income after
taxes and transfers (Post-Gov.) in Sweden.

As captured in the three rows of the figure, the distribution of permanent income
changes varies over the cycle in an asymmetric way for both measures of income (pre-
and post-government). In an average year (like 2010), the distribution turns out to be
well captured by a Gaussian distribution—and while it it as already very narrow for pre-
government income, the tax and transfer system compresses the distribution even more:
the variance is halved.

In an expansionary year (like 2009) the distribution turns into a right-skewed distribu-
tion, as captured by a positive coefficient of skewness (the third standardized moment),

and also a positive measure of Kelley’s skewness, which is a percentile-based measure of

(P90— P50)—(P50— P10)
PY0—P10

skewness calculated as S = . KS takes on values € (—1, 1), and cap-
tures the relative size of the left and right tails in overall dispersion. For pre-government
income, the value of XS = 0.44 for 2009 indicates that (P90 — P50) accounts for 72%
of the (P90 — P10) dispersion.” On the other hand, in a contractionary year (like 2008),
the distribution is skewed to the left: the value of XS = —0.67 for 2008 indicates that

(P90 — P50) accounts for only 16.5% of the (P90 — P10) dispersion.

"Note that P90 — P50 = 0.5 + £5.
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Figure 1: Cross-Sectional Distribution of Permanent Income Changes
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The tax and transfer system dampens the swings of skewness over the business cycle,
which is captured in the parameter estimates for ¢ and ¢3 in Table 1. This is reflected
in the distributions plotted for years 2008 and 2009. Also for post-government income,
KCS changes from negative in 2008 to positive in 2009. However, the difference is less
pronounced than for pre-government income. In 2008, S = —0.58 indicates that (P90 —
P50) accounts for 21% of the (P90 — P10) dispersion. In 2009, S = 0.35 indicates that
(P90 — P50) accounts for 67.5%. Furthermore, the distribution is leptokurtic for both
income measures in 2008 and 2009, with a somewhat higher kurtosis for post-government
income, which implies that the tax and transfer system overall increases the concentration
of the distribution.

To sum up, taxes and transfers, (i.), reduce overall dispersion of income changes, (ii.),
reduce the cyclicality of dispersion and skewness, (iii.), increase concentration of income
changes in both contractionary and expansionary years. The question we turn to now is:

how do households value this?

4 Results: Insurance Value of Taxes and Transfers

As discussed in Section 2.2, the goal is to find the degree of partial insurance in the
pre-government income stream scenario, that makes agents indifferent to facing the post-
government income stream with a given amount of partial insurance. To this end, we
now first describe how we translate the estimated earnings process (7) into the process
specified in (1). Given the parametric distribution functions for € and 7 this is achieved

by appropriate scaling of the distributional parameters.

Distribution of shocks. Given the assumption of full insurance against transitory risk,
A ens = Ao = 1, we directly obtain the parameter vector for FI4° as {iqns, With F4
denoting the corresponding mixture of two normals. Permanent earnings changes, 7, in
the estimated process (7) are drawn from a mixture of three normal distributions for any
given t. In the model specification of the endowment process (1), the overall permanent
earnings change is given by (1;%° + 5;**"?) i.e., the sum of the insurable (individual-level)

and the uninsurable (island-level) parts.
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We now discuss the scenario where agents face the post-government endowment stream;
the derivation for the pre-government stream is equivalent. We assume that both types
of permanent shocks are drawn from time-varying mixture distributions. For the post-

government income stream, we scale the estimated parameters of the permanent shocks

such that the variance of 7;%° is equal to fraction Ab%! of the overall variance of the perma-
nent shock 7. Likewise, the variance of 7;**" is equal to fraction (1 — )\ggﬁfn) of the overall

variance of the permanent shock 7. Specifically, 1/ ~ N (A2t V120, ;0 Abost 62 ) with

perm perm™ n,i
probability f,; for i € {1,2,3} and nislend o N( (1= Meost Y72 g, 0 (1— wpest ) 62 ) with

perm perm 7,8

probability p,, for ¢ € {1,2,3}, where “"” indicates estimated parameter values of the
distribution of permanent income shocks.
idio

This scaling implies that the first three moments® of 7% are given by F [77
(Apost )1/ 2 E[n], var [nidie] = Xest var [ny], and skew [nj*°] = skew [n,] (for nj*'*" replace

idio} _
H =

perm perm
post : __\post \ 9
Abost, with 1 — APest ).

Consumption processes. For a given degree of partial insurance, we simulate income
and consumption profiles for a large number of agents. In particular, we consider a cohort
of agents that lives through the Swedish macroeconomic history captured by the process
of x; that is used in the estimation of the income process. This way, we obtain a distribution
of model-generated consumption paths that correspond to possible paths of individuals
that enter the Swedish economy in year 1978, and who then receive stochastic income
according to the estimated income process. In particular, for a given income process and
a given degree of partial insurance, we can simulate forward using equation (3).

We now proceed with the benchmark calculation, where we assume that there is no
insurance against permament shocks to post-government income, )\ggﬁﬁn = 0. Thus, post-
government income shocks are fully insured at the island-level, reflecting that they pass-
through to consumption one-for-one. Consider the red line in panel (a) in Figure 2:
it shows how the variance of (the model-constructed) cross-sectional (log) consumption
evolves for the cohort living through the Swedish macroeconomic history. Given the
additive permanent shocks, the cross-sectional variance accumulates over time. During

the contractions of the early 1990s and the late 2000s, the distribution of shocks becomes

more dispersed, and thus the increase of the cross-sectional variance gets steeper. Panels

8See Appendix B.
9We then adjust the cross-sectional means, such that E [exp (n's'*"?)] = E [exp (n'¥°)] = 1.
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(c¢) and (d) show that this increase in contractions happens stronger in the lower tail,
which reflects an asymmetric swing of the distribution, that also manifests itself in the
evolution of cross-sectional skewness, which is shown in panel (b): it tends to get more

negative in contractions, and more positive in expansions.

Figure 2: Moments of Cross-Sectional Consumption Distribution
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Note: Each figure shows a moment of the simulated cross-sectional consumption distribution for
a cohort that lives through the Swedish macroeconomic history and faces, (i), the estimated pre-
government income process; (ii), the estimated post-government income process; (iii), the post-
government income process adjusted for initial variance; or, (iv), the post-government income
process that eliminates all cyclicality of the distribution of shocks.

Insurance value of taxes and transfers. The blue lines show how the same cross-
sectional moments of log-consumption would look like if the cohort faced the pre-government
income process, and if that would translate one-for-one into consumption. Clearly, the dis-

persion would be larger—and thus, the present-value expected lifetime utility is smaller
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under the blue line than under the red line if the utility function is concave such that
households display risk aversion. Thus, we now calculate the degree of partial insur-
ance against pre-government income, which then yields a consumption stream that makes
households indifferent to facing the post-government income stream.

We find ATZ = 0.43, which means that the existing tax and transfer schedule in
Sweden corresponds to insuring households against 43% of permanent shocks to household
labor income, as shown in Table 2. In order to assess the magnitude of this degree of partial
insurance in terms of welfare, we use the model to calculate the consumption equivalent
variation (CEV) that makes agents in the scenario with the pre-government income stream
and no partial insurance indifferent to the world with the pre-government income stream
and partial insurance of the size given by Abie . The 43% partial insurance translates into
a CEV of 14.3% when assuming log utility. Hence, the existing tax and transfer system
provides sizable insurance. Note that this calculation abstracts from any first-order effects:
both a potential level effect of the tax and transfer system of the aggregate income of a
given cohort and the cyclical variation in average income changes are taken out of the
equation.

When interpreting these results, it is important to notice that government policy re-
duces the overall level of cross-sectional dispersion, and the cyclicality of shocks. In order
to differentiate those two smoothing effects, we impose in a second run of the same exper-

iment that the cross-sectional variance at age 25 (when agents are born in the model) is

the same as for the pre-government process. The moments of the resulting consumption

process are shown as the gray lines in Figure 2. We now obtain MLY% = 0.06, i.e., moving
from the pre- to the post-government income stream adjusted to the same initial variance

amounts to partial insurance of 6%, which translates into a CEV of about 1.3%.

Gain of eliminating cyclicality. Given the already sizable insurance, what is the
scope of additional government policy as a means of insurance against cyclical risk? In
order to approach this question, we consider the same experiment for a counterfactual
income process. Assume that on top of what the government already does, cyclicality
is completely shut down for the post-government income stream. For this experiment,
we set ¢y = ¢3 = 0, thus imposing the distribution of idiosyncratic income changes that

corresponds to periods of average GDP growth. This yields the profiles of cross-sectional
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moments shown by the dashed lines in Figure 2. This implies an even stronger degree of
insurance of about 64% (or 27% when adjusting for initial variance at age 25). Considering
the CEV connected to those insurance parameters, the scope of additional insurance is
sizable: through the lens of the model, when adjusting for initial variance effects, an

additional welfare gain of about 4.6 percentage points is possible.

Table 2: Partial Insurance and Welfare Gains of the Tax and Transfer System

Scenario e CEV. Xe (cyel.) CEV (cycl.)
log utility
Pre to Post 43% 14.26% 6% 1.28%
Gaussian 43%  15.52% 7% 2.97%
Pre to Post* 64% 17.53% 27% 5.91%
65%  20.60% 29% 11.15%

CRRA w/ Risk Aversion = 2

Pre to Post 36% 32.65% 5% 3.03%
12%  84.80% 8% 7.93%
Pre to Post* 66% 46.34% 34% 19.13%
65%  47.57% 30% 25.80%

Note: The term AD7e  denotes the degree of partial insurance against permanent shocks. *

indicates that the cyclicality of the permanent shocks is shut down. See text for details on
the scenarios. The CEV columns denote the corresponding consumption equivalent variation
associated with the change from the world with the pre-government income stream and no
partial insurance to a world with the pre-government income stream and partial insurance
of the size given by ADTZ .

Role of higher-order moments. In the estimation of the income process we were
careful to match not only the dispersion of income changes, but also measures of skewness
and kurtosis, i.e., higher-order moments of the distributions of individual income changes
over the business cycle. As discussed in Section 3, those moments capture salient features

of how the distribution varies over the business cycle, as it becomes more left-skewed in
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contractions. Thus, the next question we ask is whether for our model measure of partial
insurance it is relevant to take those higher-order moments (and their cyclical changes)
into account or not.

Thus, we now reconsider the exercise, but now assume that agents are exposed to
(Gaussian earnings processes that share the first and second-moment properties with the
estimated pre- and post-government income processes, respectively, but have zero skewness
and a kurtosis of 3. Notably, the variance still co-moves with the aggregate state of the
economy, as it does in the benchmark case. Note that this implies that the dispersion
evolves as displayed in panel (a) of Figure 2, but Kelley’s skewness is zero throughout.

The gray rows in Table 2 show the results that correspond to the exact same exercises
as in the benchmark analysis, but for the Gaussian shock distributions. There are two
take-aways. First, the measured insurance values (and their reflections in CEVs) are of
roughly the same magnitude for the overall insurance value of taxes and transfers. Sec-
ond, the insurance gain against cyclical risk translates into about twice under a Gaussian
distribution (2.97% vs. 1.28%). Thus, not taking into account skewness and kurtosis of
the distribution of idiosyncratic risk, one would overestimate the insurance value of the
existing tax and transfer system. Likewise, the potential additional gain of completely
eliminating cyclical variation of idiosyncratic risk is about twice as high: a total gain of

11.15% vs. a total gain of 5.91%.

Role of risk attitudes. So far, we made the assumption that agents have log utility
(relative risk aversion of 1). Preferences that feature a constant relative risk aversion
larger than 1 are widely used in macroeconomics, and in incomplete market models in
particular. The bottom half of Table 2 reports the results for the case of a parameter of
relative risk aversion of 2, a standard value. In the context of the analysis it is important
to note that this parameter pins down relative risk attitidues also against higher-order
risk, which are relevant in order for skewness and kurtosis of the distribution to matter
for utility (see detailed discussions in, e.g., Eeckhoudt, 2012; Busch and Ludwig, 2020).
Three patterns emerge. First, the insurance value of the tax and transfer system against
total earnings is in general smaller than under risk aversion of 1. Second, however, the

CEV of insuring income risk is larger. Third, when focusing on the cyclical component of
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earnings shocks, both the insurance and welfare gains from taxes and transfers are larger
than in the benchnmark counterpart. The importance of taking into account higher-order

moments (vs. a Gaussian distribution) holds for the stronger risk attitudes.

Role of full pass-through of post-government income. In our benchmark analy-
sis, we derive the consumption profile for households facing the post-government income
stream under the assumption of no further partial insurance, i.e., A%/ = 0. Given
this assumption, we then derive the degree of partial insurance that delivers a consump-
tion stream that makes households indifferent when they face the pre-government income
stream. We now explore robustness of the approach with respect to this assumption.
For this, we assume that instead, 10% of permanent shocks to post-government income
are insured. This delivers a slightly somewhat less dispersed consumption profile. We
then evaluate the degree of partial insurance against pre-government income that makes
households indifferent; and also repeat the same additional calculations we did for the
benchmark case. Results are reported in Table 3.

The obtained partial insurance parameters A7, now combine both, the partial insur-

ance provided by the tax and transfer system, and the additional partial insurance that

pre
perm

comes from other insurance channels. Therefore, of course, the obtained A reported

in Table 3 are larger than the ones reported in the benchmark exercise of Table 2. In
order to back out the degree of partial insurance that is provided by taxes and transfers,
note that (1 — AL ) is exactly equal to the ratio between the variance of (log) con-
sumption growth and the variance of (log) permanent shocks—see equation (6). Thus,

we scale up the consumption variance obtained under pre-government income with partial

insurance AbJZ - accordingly and obtain the government-provided insurance as

__\pre pre __ ) post
_ 1 )‘pe'rm o )‘perm )‘pe'rm (11)

)\gov =1 —
post post
1 - )\perm 1 - >\perm

Note that for A2%! = (0 (our benchmark case), equation (11) implies that A9 = A\ere

perm perm*

For Al = 0.1, we show the resulting values for A9 alongside their Ab¢ = counterparts
in Table 3. Up to rounding error the obtained measures for partial insurance provided by
the tax and transfer system are effectively idential to the ones obtained in the benchmark

case.
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Table 3: Partial Insurance and Welfare Gains of the Tax and Transfer System (A\22%, = 0.1)

perm

Scenario Aev e, CEV. X9%(cycel.) AP (cycl.) CEV (cycl.)
log utility

Pre to Post 43% 49% 15.13% 7% 16% 3.29%

Gaussian 48%  49% 16.33% 7% 16% 4.88%

Pre to Post* 64% 68% 18.09% 28% 35% 7.53%
64%  68%  20.92% 29% 36% 12.36%

CRRA w/ Risk Aversion = 2

Pre to Post 37"% 43% 35.87T% 6% 15% 8.35%
2% 48%  36.80% 8% 17% 11.32%

Pre to Post* 66% 69% 47.81% 33% 40% 22.81%
66% 69%  48.3/% 30% 37% 28.46%

Note: The term AD7e . denotes the degree of partial insurance against permanent shocks. *
indicates that the cyclicality of the permanent shocks is shut down. See text for details on
the scenarios. The CEV columns denote the corresponding consumption equivalent variation
associated with the change from the world with the pre-government income stream and no
partial insurance to a world with the pre-government income stream and partial insurance

of the size given by AT .
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5 Conclusion

This paper explores the degree of partial insurance provided by the existing tax and
transfer system. Through the lens of a structural model with partial insurance against
permanent income shocks, the degree of overall insurance amounts to 43%, corresponding
to 14% in consumption-equivalent terms under log-utility in Sweden. After isolating the
gains from a lower initial variance at age 25, the degree of partial insurance amounts to
6% (CEV of about 1.3%). However, the remaining risk in post-government household-
level income is still substantial. If cyclical variation of risk was completely eliminated, the
partial insurance value would amount to 64%, or a CEV of 16.5%—and thus individuals
would be better off by about 3 percentage points of consumption equivalent variation.
This gives rise to the question which policy could achieve such a smoothing. We leave
such an analysis of explicit policies for further research. While the partial insurance
value of public insurance is very similar against skewed and symmetric income risk, the
corresponding CEV gain would be overstated (3%—more than twice as large—against the

cyclical component) if the pro-cyclicality in skewness of idiosyncratic risk is ignored.
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A Estimated Income Processes

The figures show the estimated income processes for pre- and post-government household

income along with the data counterparts of the targeted set of moments.

Figure 3: Pre-Government Income Fit
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Note: Each panel shows the time series of a moment of short-run, medium-run, or long-run income changes
together with the corresponding moment implied by the estimated income process.
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Figure 4: Post-Government Income Fit
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Note: See notes to Figure 3.

B Scaling Income Processes

Given estimates of the income process, we scale the parameters of the permanent shocks
n to feed them into the model; fraction A is insurable and the rest is uninsurable. This
scaling implies that the first three standardized moments of the distribution of insurable
shocks are given as below: for the first three moments of the uninsurable shocks, simply

replace A with 1 — .
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