The Role of Risk Sharing in Attenuating Business
Cycles Within Currency Unions

Alberto Pavia*! and Christian Proebsting !
IKU Leuven

March 20, 2025

Abstract

How does risk sharing across member states lower the cost of being in a currency
union? We decompose the response of risk sharing to state-specific income fluctuations
into two components: the direct response of consumption to income changes and the
indirect feedback of the shock to income via general equilibrium effects. Risk shar-
ing not only directly smooths consumption but also reduces the volatility of income
by stabilizing demand. We estimate both direct and indirect effects by exploiting re-
gional variation in military buildups across U.S. states. A $1 increase in external de-
mand raises state-level income by $1.43, with 47% of this increase passed through to
consumption. We rationalize these findings using a small open economy model that
incorporates multiple risk-sharing channels. The model allows us to perform policy
counterfactuals, showing that risk sharing between U.S. states reduces state-level con-
sumption volatility by a factor of 3.5, with indirect effects accounting for 40% of this
reduction. These results imply that the benefits of risk sharing are 40% larger than

previously estimated.
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1 Introduction

When countries enter a currency union, they forgo their ability to conduct independent monetary
policy, leaving them vulnerable to country-specific economic shocks. While a common monetary
policy can stabilize union-wide business cycles, idiosyncratic fluctuations in output pose signif-
icant risks to the stability of currency unions, whose success therefore hinges on the availability
of alternative stabilization mechanisms, as emphasized in the Optimum Currency Area literature
(Mundell, 1961).

The United States is often regarded as a well functioning currency union, where countercyclical
fiscal transfers, income diversification, high labor mobility, and integrated credit markets mitigate
the impact of state-specific shocks on consumption. In contrast, the euro area has faced persistent
challenges due to large differences in business cycles among its member states, amplifying the costs
of the monetary union. Figure 1 illustrates this by showing the differences in the growth rates
of GDP and consumption between U.S. states and euro area countries, respectively. In the euro
area, per-capita consumption is almost as volatile as aggregate output, whereas U.S. consumption
volatility is remarkably lower—less than 40% of output volatility—suggesting a higher degree of

risk sharing.
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Figure 1: CROSS-SECTIONAL STANDARD DEVIATION OF GROWTH RATES

Note: The bars display the cross-sectional standard deviations of nominal per-capita consumption and ag-
gregate nominal GDP for U.S. states and euro area countries, averaged over 1999-2019.

This observation aligns with a long strand of literature, pioneered by Asdrubali, Serensen and



Yosha (1996) (hereafter ASY), which decomposes empirically the pass-through of output fluctua-
tions to consumption fluctuations using a variance decomposition framework (Serensen and Yosha,
1998; Kalemli-Ozcan, Serensen and Yosha, 2003; Balli, Serensen et al., 2006). Recent estimates by
Kohler, Miiller and Wellmann (2023) indicate that risk-sharing mechanisms smooth approximately
80% of income fluctuations in the U.S., compared to just 40% in the euro area.

However, while informative, the imperative empirical risk-sharing framework cannot answer a
central question in the optimum currency area debate—and the key question of this paper: To what
extent does the lack of risk sharing amplify consumption volatility, thereby increasing the cost of currency
union membership? This is because the ASY framework treats output fluctuations as given, focusing
on how much of an income shock is smoothed. However, risk-sharing may not only reduce the
volatility of consumption directly but also stabilize the business cycle itself. By stabilizing demand,
risk-sharing mechanisms—such as fiscal transfers or credit markets—may dampen the magnitude
of output fluctuations. Figure 1 illustrates this point, showing that not only is consumption less
volatile than output in the United States, but U.S. state-level output fluctuations are also half as
large as those in the euro area (2.4% vs. 4.8%).

In this paper, we argue that the lower output volatility observed across U.S. states is, at least in
part, a consequence of smoother consumption. Risk sharing thus reduces consumption volatility
through two channels: (1) a direct effect, smoothing consumption taking output fluctuations as
given, and (2) an indirect general equilibrium effect, dampening output fluctuations via stabilized
demand. For example, fiscal transfers to a recession-hit region boost local demand, mitigating the
downturn’s severity. This indirect effect of risk-sharing—through its impact on output volatility—
has been largely overlooked in the literature. Our analysis quantifies the magnitude of this indirect
effect and its implications for the cost of currency unions.

To formalize this argument, we first introduce a standard small open economy model. We show
that the response of consumption to an external demand shock can be decomposed into two com-
ponents: a direct effect, which captures the elasticity of consumption to income, and an indirect
effect, which reflects the response of income to the shock itself. The direct effect has been the pri-
mary focus of the risk-sharing literature and, under certain conditions, can be estimated using the
variance decomposition framework proposed by ASY. The indirect effect, by contrast, corresponds
to the open-economy relative multiplier studied by Nakamura and Steinsson (2014).

While these two components have been extensively analyzed in separate strands of the litera-
ture, we establish a tight link between them. In particular, we show that economies with greater
risk-sharing exhibit lower multipliers: when consumption is stabilized, demand fluctuations are
dampened, reducing the volatility of output. This finding suggests that the total benefits of risk-

sharing extend beyond the direct income-smoothing effects emphasized in prior studies, encom-



passing broader macroeconomic stabilization.

Next, we empirically estimate both the direct and indirect effects of risk-sharing by exploiting
regional variation in military buildups across U.S. states, following the empirical framework of
Nakamura and Steinsson (2014). Unlike the traditional ASY approach, which relies on an uncon-
ditional variance decomposition, our strategy identifies how risk-sharing operates in response to
specific, external shocks. Our empirical estimates indicate that a $1 increase in external demand
raises a state’s output by $1.43, with 53% of the shock being smoothed through risk-sharing mech-
anisms, leading to a $0.70 increase in consumption. As in the risk-sharing literature, we further
decompose the extent of risk-sharing across different channels: migration and fiscal transfers each
account for 12% and 14% of risk absorption, capital market diversification contributes almost a
quarter, and credit markets provide a more moderate 4%.

We use these identified responses to discipline the key risk-sharing parameters in a structural,
quantitative model that extends our simple model by explicitly incorporating the various risk-
sharing channels. The quantitative model also matches well the open-economy relative multiplier,
that is, it captures both the direct and indirect effects of risk sharing. To evaluate the importance of
risk-sharing across U.S. states, our main counterfactual exercise shuts down all risk-sharing. This
raises consumption volatility by 3.25, around 40% of which is driven by an increase in the volatility
of output. In other words, 40% of the benefits of U.S. interstate risk-sharing stem from indirect,
general equilibrium effects.

In a second set of counterfactuals, we shut down one risk sharing mechanism at a time. This
reveals that the risk-sharing channels generally are substitutes to each other: those risk-sharing
channels that remain active partially compensate for the loss in risk sharing. For instance, while
shutting down fiscal transfers across states directly raises states” consumption volatility all else
being equal, this increase in consumption volatility raises the benefits from migration. The ensuing
increase in migration partially dampens the direct rise in consumption volatility.

After reviewing the literature, we propose a simple SOE model to separate the direct and indi-
rect effects of risk sharing and connect them to the risk-sharing coefficients and the open-economy
multiplier. Section 3 estimates these direct and indirect effects of risk sharing by exploiting regional
variation in military buildups across U.S. states. These estimates discipline our quantitative model
that we present in Section 4 and which we then use to quantify the benefits of the observed level of

interstate risk sharing. The last section concludes.



1.1 Literature

This paper links two distinct literatures: an older literature that examines empirical measures and
tests of risk sharing, and a more recent literature that exploits regional variation to estimate open-
economy multipliers. Combining the two literatures has important implications for the literature
on optimum currency areas.

Since the seminal work of Cochrane (1991), Mace (1991) and Townsend (1994), a vast literature
testing risk sharing at the state and country level has developed, as exemplified by ASY, Serensen
and Yosha (1998); Becker and Hoffmann (2006); Hoffmann (2008); Flood, Marion and Matsumoto
(2012) and Kohler, Miiller and Wellmann (2023). Some of these papers highlight the lack of im-
proved risk sharing over time despite increased financial globalization, while others contrast the
relatively high level of risk sharing across U.S. states with the much lower level observed across
euro area countries, thereby connecting to an older literature on optimal currency areas from the
1950s and 1960s (Friedman, 1953; Mundell, 1961). A defining feature of this literature is its struc-
tural agnosticism, as it builds on a pure accounting framework. In contrast, our focus is to provide
a structural interpretation of risk-sharing estimates, which allows us to quantify the contribution of
risk-sharing in reducing consumption volatility through counterfactual analyses.

While several authors propose structural models for specific risk-sharing channels, they do so
without connecting their work to the reduced-form risk-sharing regressions (see e.g. House, Proeb-
sting and Tesar (2023) for labor mobility and Evers (2015); Pennings (2016); Beraja (2022) for fiscal
transfers). These studies provide a detailed picture of a single risk-sharing mechanism. We instead
incorporate all commonly discussed risk-sharing channels and highlight their interdependencies,
emphasizing that the relevance of a specific channel depends on the size of the others.

Our approach also connects to a second, more recent literature on cross-regional spending mul-
tipliers (Nakamura and Steinsson, 2014; Chodorow-Reich, 2019). Several papers have noted that
these multiplier estimates are informative about local general equilibrium effects and can be used
to estimate either micro parameters (Guren et al., 2021) or, in conjunction with aggregate fiscal
multiplier estimates, to assess the aggregate effects of generic consumption demand shifters (Wolf,
2023). In the spirit of Guren et al. (2021), we show that, under certain conditions, the indirect effects
of risk sharing are related to the size of the cross-regional spending multiplier.

More broadly, our research relates to the literature on optimum currency areas, dating back to
Friedman (1953). This literature established a set of “criteria” for monetary integration, such as
factor market mobility (Mundell, 1961), the degree of economic openness (McKinnon, 1963), fis-
cal integration (Kenen, 1969), and financial integration through credit markets (Ingram, 1962) and

equity markets (Mundell, 1973). We show that the quantitative benefits of these risk-sharing mech-



anisms include not only direct effects but also indirect benefits through lower per-capita output
volatility, akin to the effects of a flexible exchange rate. Additionally, we highlight the interactions
among these criteria, as the indirect benefits depend on countries’ trade openness. For example,

risk-sharing through fiscal transfers is particularly potent in economies that are less open to trade.

2 Risk sharing and open-economy multipliers

Consider a small open economy that faces a temporary, and unexpected increase in external de-
mand for its products, denoted by AG/" = G{°" - G/!°/". Conceptually, we can break down the

response of nominal consumption into two parts: the elasticity of nominal consumption to nominal
output S (where a hat denotes the percent change of variable relative to the previous period), and
t
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the increase in output, AY{"°". That is, the percent change in nominal consumption for an increase

in external demand corresponding to 1% of t — 1 output is given by
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Both of these terms have received substantial attention in the literature. The first term, %, has
been the focus of the empirical international risk-sharing literature. ASY estimated the elasticity of
nominal consumption to nominal output by regressing log changes in nominal consumption on log
changes in nominal output across U.S. states. We follow the notation of this literature and denote
this elasticity by BY because it captures the share of risk that is not absorbed by any risk-sharing
channel and that remains unsmoothed. Assuming that households have log utility, perfect risk
sharing would imply equal growth rates in per-capita nominal consumption across the small open
economy and the rest of the world (Backus and Smith, 1993). This would imply that the growth
rate of the country’s nominal consumption is independent of the growth rate of its nominal output:

' = 0. With imperfect risk sharing 8% > 0 and, in an extreme case of Y = 1, fluctuations in income
would translate one-for-one into fluctuations in consumption.

nom
t

The second term %;wm is the open-economy relative multiplier. This follows the terminology of
Nakamura and Steinsson (2014) who estimate this relative multiplier by exploiting variation in ex-
ternal demand (federal government spending) across U.S. states. As in their study, we consider the
response of nominal output rather than real output because subnational price deflators for output

are not available for the United States. We denote this term by m;.



Taken together, we can therefore write the consumption multiplier as

m
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The multiplier indicates the change in income for a shock to external demand corresponding to 1
percent of output. The risk-sharing B determines how a change in income translates into a change
in consumption.

The literature has treated these two objects separately, but in the following, we show that the
multiplier and the risk-sharing B are interrelated. The multiplier is increasing in ﬁtLI Risk sharing,
areduction in BY, has a double benefit: It reduces the response of consumption for a given increase
in income, but it also reduces the response of output to the increase in external demand. We next

develop this argument more formally in a standard open-economy setup.

2.1 A simple open-economy model

We consider a continuum of small open economies that are part of a currency union (Gali and
Monacelli, 2005). The individual economies are subject to idiosyncratic fluctuations in government
demand for their goods. Government spending at the level of the currency union, however, is
constant. We formally derive a link between the open-economy relative multiplier, m;, and the
risk-sharing parameter f.

In our framework, this link is independent of several model features that are known to influence
the closed-economy multiplier, such as the degree of nominal price or wage rigidity, the small open
economy’s monetary policy, whether the production function features decreasing returns to scale,
whether input markets are segmented and the elasticity of labor supply. Instead, the multiplier
depends on the economy’s openness in both financial and goods markets. We therefore discuss
these two features of the model more thoroughly and present the remaining model ingredients

along with with the quantitative model.

2.1.1 Trade in financial assets

In this simple model, we focus on a single, generic risk sharing mechanism—an assumption we relax
in the quantitative model, where we extend the analysis to multiple risk-sharing channels that we
can map more easily to the data. We assume that households can trade state-contingent bonds, but
these trades are subject to a tax. This distortion—first introduced by Devereux and Yetman (2014)-
creates a wedge between the returns to bonds for households living in the small open economy and

those in the rest of the union.



More formally, let B(s', s;,1) be the quantity of state-contingent bonds purchased by the house-
hold after history s’ that pay off one unit of the country’s currency in state s**1.! The price of these
bonds to the household in the small open economy is (1 + #(sf,s;,1))Q(s!,8:41), where Q(s!,s;,1) is
the net price and #(s’,s;,1) is a tax levied by the government in the rest of the world. The tax rate
depends on the state of the economy and the bond to which it applies. For it to be interpreted as a
tax, we require that for bond purchases, t(st,s0,1) >0 (thereby raising the purchase price), whereas
for bond sales, t(st, s¢+1) < 0 (thereby lowering the income from the sale).

In addition to income from bonds, households receive the nominal income generated from the
production of output, P¥(s")Y(s'), where PY(s') is the nominal price of the economy’s output, and
they purchase consumption goods, C(s'), at price P(s'). Notice that we are agnostic about how out-
put is produced, but for now assume that any capital stock is fixed and does not require investment.

The household’s budget constraint is then

P(s")C(s") + S (1 +(s",51:1)) Q5" 5141) B(s', 5041) = P (s)Y(s") + B(s"™ !, 5¢).

gt+l

With log utility, the optimal choice of bonds implies the following international risk-sharing

condition:

P(s)C(s")
P(st=1)C(st-1)

P*(sH)C* (s')

(1+ t(St_l, St)) = P~ (st_l)C*(St_l)

(2.2)

Following Devereux and Yetman (2014), we assume that the tax rate for bond B (st’l, s¢) is increasing

in the ratio of consumption growth to output growth:

A

1y PGHCE)  PY ()Y (s |
1+t(S l,St)_(p(Stl)C(stl) PY(St)Y(St) ) ’

where A € [0,1] governs the degree of curvature of the tax function. Hence, t(st‘l,st) > 0 if nominal
consumption growth exceeds nominal output growth (and households purchase bonds to insure
against these “bad” states), and t(s'"!,s;) < 0 if nominal output growth exceeds nominal consump-

tion growth (and households sell bonds that pay off in these “good” states). Inserting this into the

'We follow the standard notation for models that explicitly account for state-contingent bonds: Each
period t, the economy experiences one of finitely many events s € S. Let the transition probability from state
s to s’ follow a Markov chain denoted by 7t(s'|s). s’ = (s, 51, .., ) represent the history of events up through
and including period t. The probability, as of period 0, of any history s’ is 77(s'). We denote by X(s') the
realization of variable X in state s'. Unless confusion arises, we write X; for X(s").



international risk sharing condition (2.2) we get

A ee A 1A
PGy _ ( PtYYt ) ( PCy )1 (2.3)
PG \PY Y, PGy

This equation shows that A shapes the degree of risk sharing: If A = 1, trade is balanced at any point
in time, and nominal consumption equals nominal output, P;C; = PYY;; that is, the economy is in
financial autarky. If A = 0, the tax is zero and markets are complete, implying a constant level of
nominal consumption across countries, P;,C; = P/ C;". The parameter A may therefore be thought of
as an inverse index of financial market integration, with higher values indicating a lower degree of
integration.

More generally, a 1 percent increase in nominal output raises nominal consumption by A per-

cent. The risk-sharing parameter f is therefore given by
Bl -2
and is consequently constant over time.

2.1.2 Trade in goods

International trade in goods is modeled along the lines of Armington (1969), as is standard in this
literature.? More formally, consumption in this economy consists of a CES aggregate of domestically
produced goods, H;, and imports, M;, with an elasticity of substitution given by ¢ > 0:

-1 1 -1 %
Ci=((@)? (H)T +(1-w)F (M) 7 )7

Here, w describes the home bias. The nominal price of the domestic good is P, whereas the nom-
inal price of the imported good is normalized to 1. The optimal demand for domestic goods and
imported goods is given by

P/ 1

- —y
thth(?tt) and Mt:(l—w)Ct(E) .

2As shown by Arkolakis, Costinot and Rodriguez-Clare (2012), more complex trade models (e.g Eaton
and Kortum, 2002; Melitz and Ottaviano, 2008) can be mapped into the Armington model and yield, appro-
priately calibrated, the same equilbrium conditions up to first order.



Similarly, the rest of the world demands some of the SOE’s goods. We assume a similar demand

schedule:
_ nom Y\~ ¢
X =X""(P") 7,

where X"™ is the value of exported goods in the non-stochastic steady state.
By plugging in the optimal demand for domestic goods, H into the market clearing condition,
Y; = Hy + X; + G, we obtain a particularly simple relationship between the multiplier and the risk-

sharing 3, as summarized by Proposition 1.3

Proposition 1 (Risk sharing and open-economy multipliers) Consider the model discussed in this sec-
tion. The share of unsmoothed income is given by

Anom
u_ Ct

t = Jnom
Yt

Assuming a unit Armington elasticity, = 1, the open-economy relative output multiplier is increasing in

the share of unsmoothed income, BY:

1 1
ny = =
_ nom _U _ nom
1-wci’] 1-wcf’f'A

, . . . cpom .
where w is the share of final expenditure that falls on domestic goods, c{°{" = viw is the share of nominal con-
t-1

sumption in nominal output in t —1 and A a parameter governing financial risk sharing. The corresponding

nominal consumption multiplier is given by

3Inserting the demand for H into the market clearing condition (with ¢ = 1) and multiplying by P) yields
Ytnom — wc?om + G?om + Xnom_

Taking differences and dividing by G} yields

nom

t
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nom
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with m; = % being the open-economy multiplier. Re-arranging gives
t
cnom -1
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Anom
t
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Where :Bt = Y/tnum

is the elasticity of consumption to output.
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The multiplier depends on openness in both goods and financial markets (as well as the share of
consumption in output). An increase in trade openness, i.e., a reduction in the home bias w, lowers
the multiplier. More importantly for this paper, an increase in financial market integration, i.e. a
reduction in A, lowers the multiplier as well. Hence, higher financial market

To better understand this result, consider a $1 increase in external demand. With complete
financial markets (8Y = 0), consumption remains fixed such that output rises by $1. The multiplier
in that case is therefore m|gu_y = 1. In financial autarky (BY = 1), the increase in output translates
into a one-for-one increase in consumption. A share w of this increase in consumption falls on
domestic goods, which further stimulates output and consumption, and so on. The total impact on

output is therefore larger than in the case of complete financial markets markets:*

m|gu_y “l+w+w?+..=

2 1 = m|ﬁu=0.

The continuous, blue line in Figure 2 illustrates this non-linear relationship between Y and
the multiplier, indicating a clear positive slope: Less risk sharing (an increase in BY) raises the
multiplier. Quantitatively, the effect of risk sharing on the multiplier is economically significant,
but somewhat modest at high levels of risk sharing. Starting from a multiplier equal to m = 1 in the

case of perfect risk sharing, the multiplier grows to m = 1.15 for B = 0.2 and m = 1.5 for gY = 0.5.

1
1-wA*

els of financial market integration (low A), the direct benefits of risk sharing dominate, and a small

The dashed red line in Figure 2 depicts the consumption multiplier m® = A x

For high lev-

change in the degree of financial market integration A translates almost one for one into changes in
the consumption response. For lower levels of financial market integration, however, the indirect
benefits in form of a large output multiplier dominate, and small changes in financial market inte-
gration can have larger effects on consumption volatility through their effect on output volatility.
A key parameter in the relationship between risk sharing and the multiplier is the home bias.
This relationship is stronger the larger the home bias because a larger home bias amplifies the feed-
back loop. For the purpose of the figure, we choose w = 0.69, as in Nakamura and Steinsson (2014),
who argue that this number describes well the home bias observed in the average U.S. state. An-

other key parameter is the Armington elasticity. The assumption of a unit Armington elasticity

4In this model, consumption equals GDP in steady state. Hence, the elasticity 8! is the same as the aggre-
gate MPC defined as %. Therefore, Proposition 1 can be interpreted as a generalization of the Keynesian
t
multiplier to an open-economy context.
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Figure 2: RISK SHARING AND THE OPEN-ECONOMY RELATIVE MULTIPLIER

Notes: The figure displays the relationship between the elasticity of nominal consumption to nominal
GDP, gY = A, on the x-axis and the open-economy relative output multiplier m = ﬁ and consumption
multiplier, m© = Am, on the y-axis. The home bias parameter is set to w = 0.69. The black dashed line
corresponds to the 45 degree line A = A and displays the direct effect of risk sharing.

is convenient in deriving the relationship between the multiplier and the degree of risk sharing
because it implies a constant expenditure share on domestic goods. With a higher Armington elas-
ticity, the increase in external demand and the ensuing upward pressure on prices would amplify
expenditure switching and cause the expenditure share on domestic goods to decline, thereby weak-
ening the feedback loop and the relationship between risk sharing and the multiplier. Empirical es-
timates of the Armington elasticity in the literature range from relatively high values in the long run
(around 5-8; see, e.g., Broda, Greenfield and Weinstein, 2006) to smaller values that are potentially
below one at business cycle frequency (see, e.g., Boehm, Levchenko and Pandalai-Nayar, 2020).
Nakamura and Steinsson (2014) set up a DSGE model where households have access to complete
financial markets (which corresponds to the case A = 0) and set the Armington elasticity to 2. Con-
sequently, their model predicts multipliers below 1: 0.83 for a model variation with sticky prices
that mutes the expenditure-switching effect and 0.43 for a model variation with flexible prices (see
their Table 2).
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3 Empirical Analysis

The previous section emphasized that risk sharing reduces consumption volatility both directly
and indirectly through its effect on output volatility. In this section, we present empirical evidence
on the degree of risk sharing across U.S. states. In line with our previous analysis, we focus on
external demand shocks, which allows us to give our estimates a structural interpretation. Whereas
previously, we summarized risk sharing through an imperfection in the trade of state-contingent
bonds, we now distinguish between different risk-sharing channels that can be mapped more easily
to the data. Our estimates then serve as a key input for our quantitative model, which we use to

perform counterfactual analyses.

3.1 Conceptual framework

Following the seminal work by Asdrubali, Serensen and Yosha (1996) and later extended by Kohler,
Miiller and Wellmann (2023), we consider the following identity that decomposes aggregate GDD,
Yip: y ) .
Yitzixﬁxﬁxﬁxﬂn

T Yie o plg diy o ocip
where i refers to a U.S. state and t refers to a year. Here, y;; is per capita GDP, pi;; is per capita
personal income, di; ; is per capita personal disposable income, and c; is personal consumption.’

Taking logs and first differences yields

AlnY;;=AInY;; - Alny;; + Alny;; — Alnpi;; + Alnpi;; — Alndi;; + Alndi; — Alnc;y +Alnc;y.

Migration Capital markets Fiscal transfers Credit markets

3.1)

Fluctuations in aggregate GDP do not translate into fluctuations of per-capita consumption to
the extent that they are absorbed by one of four risk-sharing channels. First, an outflow of workers
during a recession dampens the fall in per-capita GDP. This is captured by the difference in the log
change of aggregate GDP and per-capita GDP, that is, the log change in the working-age popula-
tion.® Second, a fall in per capita GDP in one region might not translate into a decline in household
income within that region. The difference between the two reflects factor income flows across re-

gions, including commuting and cross-border dividend and interest payments, capital depreciation,

>We transform variables into per-capita terms using working-age population. We focus on working-age
population because that part of the population is more likely to move in response to changing economic
conditions.

®By measuring migration through changes in working-age population, we implicitly assume that cyclical
variations in the growth rate of working-age population are driven by net migration.
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and corporate retained earnings (that is, net profits less dividends). Following ASY, we denote this
channel as capital market smoothing. Third, cross-regional fiscal transfers might further cushion
the fall in households’ personal income, creating a wedge between the log differences of personal
income and disposable income. Finally, to the extent that households have access to credit markets,
they can smooth out fluctuations in their disposable income through borrowing or lending. Any
risk not absorbed by the four risk-sharing channels remains unsmoothed and leads to a positive
comovement between changes in aggregate GDP and per capita consumption.

ASY and the large literature building on their work estimate the strength of each channel using
a set of OLS regressions akin to a decomposition of the unconditional variance of output. We depart
from this literature by examining the response of the risk-sharing channels to an identified external
demand shock—specifically, military spending shocks as in Nakamura and Steinsson (2014). This
approach allows us to calibrate the key risk-sharing parameters in our structural model based on
the identified responses, which we then employ to perform counterfactual analyses.

More precisely, we estimate a set of equations along the following lines:

Yi t— Yi t-2 G - G

, JL— m it ,t-2

A o+ oty R +Zit+ei 3.2)
it-2 it-2

Here, Y;; is aggregate nominal GDP in state i at time f, G;; is nominal federal military spending
and Z;; is a vector of control variables that we discuss below. The estimate for 4™ refers to the
open-economy relative multiplier. As in Nakamura and Steinsson (2014), we focus on two-year
differences to mitigate any timing mismatches between the military spending prime award date—
the type of data that is stored in our dataset—and the effective date of spending (see also Brunet
2022, as well as Briganti and Sellemi 2023). This approach also allows us to partially control for
the mismatch between the fiscal year in which the military award data are recorded (starting on
October 1st of the previous calendar year) and the calendar year that the other macroeconomic
variables follow.

To estimate the effect of military spending shocks on the different risk-sharing channels, we
re-run regression (3.2) for different outcome variables: AInY;; — Alny;; for the migration channel
(with coefficient vM); Alny, ; — Aln pi;; for the capital market channel (7X); Alnpi;; — Alndi;; for
the fiscal transfer channel (7%); Alndi;; — Alnc;, for the credit market channel (7%); and Aln cit for
the unsmoothed part (yY).

The coefficients of these regressions provide the elasticity of the different risk-sharing channels
to a military spending shock. To compare our estimates with those in the literature that decompose
the unconditional variance of output, we calculate the ratio of each outcome variable’s coefficient to

the multiplier coefficient, together with the appropriate standard error calculated from the variance-
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o
estimates by stacking the dataset, saturating it with a sample indicator, and running all regressions

together (Angrist, Hull and Walters, 2023; Angrist and Hull, 2023).7

covariance matrix of the estimates (e.g., 5 = %;). We estimate the variance-covariance matrix of the

Following Nakamura and Steinsson (2014) and Dupor and Guerrero (2017), we instrument state-
level military spending using a shift-share design. The instrument is constructed as the product of

two components: a shift that captures the change in national military spending, normalized by

national output, %, and a share given by the two-year lagged ratio of state i’s government

spending to national government spending, divided by the state’s share of GDP in national GDP,
Gin

Sin _ G

¥ g

Yn

_ G
. ; 1 23 s Gi -Gy
lnstrﬁs’Bartlk: - Z % % t t-2 (3'3)
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If a given state has a higher share of military spending per capita than the nation as a whole, a
change in national military spending will affect it more than another state with a lower exposure.
This instrument is valid if the change in national military spending is orthogonal to state-specific
shocks, which is likely because military spending is determined by national security considerations
rather than by differences in state-specific economic conditions.

Following the literature on shift-share designs (Adao, Kolesar and Morales, 2019; Goldsmith-
Pinkham, Sorkin and Swift, 2020; Borusyak, Hull and Jaravel, 2022), we ensure the validity of our
instrument through several steps. First, we lag our exposure shares to ensure that the instrument
does not capture variation in national military spending across states. Second, since variations
in the instrument are driven by both changes in the shifts and changes in the exposure shares,
we include the shares as controls. Additionally, the time fixed effects will capture time-varying
changes in these exposure shares. These time fixed effects will further control for lagged values of
the national shifts, ensuring the instrument cannot be forecasted from prior innovations. Third, we
include lags of changes in national military spending to ensure we capture only the innovations in
government spending®. Finally, we obtain unbiased standard errors by clustering our regressions
at the treatment level—the state level in this case. To ensure our regressions account for the relative
importance of different states for output fluctuations, we weight our regressions by the share of

state-level GDP in national GDP.

7We take a nonlinear combination of each risk-sharing channel and the multiplier, with standard errors
calculated using the Delta method. See also Erickson and Whited (2002) and Andrews, Gentzkow and
Shapiro (2020) for the econometric background behind this approach.

80ur results are robust to adding a greater set of control variables, like lags of the dependent variable or
further lags.
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3.2 Data

Geographical Coverage and Sample Period We analyze risk sharing in the 50 U.S. states plus
the District of Columbia. Our sample is annual, starts in 1966, the first year for which state-level

military spending data is available, and ends in 2019.

Data Sources Data on state GDP, personal income, disposable income, and consumption are ob-
tained from the Bureau of Economic Analysis (BEA).? We focus on consumption of non-durable
goods and services because they map better into the standard international risk-sharing framework
where purchases of goods coincide with their consumption.!? Official data on state-level consump-
tion are available only from 1997 onward. For years prior to 1997, we estimate state-level con-
sumption growth by allocating national consumption growth to states based on their wage growth

' Data on state-level

rates for sectors producing non-tradable, non-durable consumption goods.
working-age population are obtained from the National Cancer Institute’s Surveillance, Epidemi-
ology, and End Results Program. Military spending data are obtained from the universe of U.S.
military prime contracts, aggregated to the state level. Data before 2004 is obtained from the De-
partment of Defense’s Directorate for Information Operations and Control archives. Data after 2004

is accessed from usaspending.gov. All data are in nominal terms.

3.3 Results

Panel A of Table 1 presents the regression results using our instrumental variable (IV) approach
to military spending shocks. Prior to discussing our empirical estimates, we assess the relevance
of the instrument using the weak-instrument-robust test proposed by Montiel Olea and Pflueger
(2013). The effective first-stage F-statistic is 174 for all regressions, well above the critical value for
a 5% worst-case bias (37.4). This indicates that the instrument is very strong.

Turning to the results of regression (3.2), we observe a fairly precisely estimate of 1.43 (0.38)
for the open-economy relative multiplier, which is close to the estimate reported by Nakamura and
Steinsson (2014). Columns (2)—(6) present the estimates for the risk-sharing channels. To facilitate

interpretation and comparison with the literature, we focus on the implied risk-sharing coefficients

9 Appendix ?? provides more details about data sources, including a table decomposing the relationship
between GDP and personal consumption.

10 Appendix X shows that durable consumption responds somewhat more strongly to an increase in output,
consistent with the view that purchases of durables act as an additional saving device.

UFor the years where both series are available, the average correlation between our proxy and actual state-
level consumption growth is 0.83. This correlation is higher than when using retail wages (0.81) or retail sales
growth (0.22), two alternative proxies used in the literature (Asdrubali, Serensen and Yosha, 1996; Hoffmann
et al., 2019; Guren et al., 2021).
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reported in Panel B. According to the estimates, a $1 increase in aggregate output caused by an in-
crease in federal military spending leads to an increase in per capita consumption of approximately
$0.47. The $1 increase in aggregate output is partially offset by an increase in population, resulting
in a rise of per capita output by only $0.88. Per-capita personal income increases by $0.65, imply-
ing that a significant portion of the additional output is either retained as corporate earnings or
distributed as dividends to nonresident households (although the coefficient of 0.26 is statistically
significant only at the 10% level).!? Per-capita disposable income only increases by $0.49, indicating
that the federal tax and transfer system smooths out an additional $0.14. Credit markets only play
a minor role in risk sharing with a small, positive, but statistically insignificant coefficient of 0.04.

Panel C of Table 1 reports the risk-sharing coefficients obtained by regressing the various chan-
nels on the log change of output. This is similar to the regressions in ASY and the subsequent studies
except that we consider two-year rather than one-year changes in both output and the dependent
variables.!> We find that the migration and credit market channels are of similar magnitude in both
approaches. However, the fiscal transfer channel is almost double, and the capital market channel
is more precise and significantly larger at 40%, compared to 23% in the IV framework. The variance
decomposition appears to overstate the overall strength of risk sharing and the importance of capi-
tal markets, while understating the role of fiscal transfers. This discrepancy is likely due to the fact
that the variance decomposition does not account for the endogeneity of the risk-sharing channels
to output fluctuations.

Notably, the simple model in Section 2 predicts the relationship between risk sharing and the
open-economy multiplier observed in the data. According to Proposition 1 and as displayed in
Figure 2, the multiplier is approximately 1.5 in an economy where households smooth about less
than half of an income shock. In our case, the multiplier is 1.43, and households smooth a bit more
than half of the shock.

4 Model

In the simple model discussed in Section 2, we used a tax on state-contingent bonds to vary the
degree of financial risk sharing. In this section, we present a quantitative model that replaces this
generic mechanism by several risk-sharing channels that we can map more easily to the data. This
does not only allow us to quantify the indirect benefits of overall risk sharing, but also allows us to

explore the interdependencies of the various risk-sharing channels.

12Further decomposing the capital market channel, we find that a negligible amount, approximately $0.03,
is smoothed out through commuting, as some labor income generated in a state is earned by workers residing
in other states.

13See Appendix XXX for regression results with one-year changes.
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Table 1: EMPIRICAL ESTIMATES OF RISK-SHARING CHANNELS

(1) 2) 3) 4) ) (6)
Capital Fiscal Credit
market  transfers  market

Output Migration Uninsured

Panel A: IV coefficients
0% 1.43%** 0.17 0.33 0.20%** 0.05 0.68***
(0.38) (0.13) (0.23) (0.06) (0.14) (0.25)

F-statistic 174.12 174.12 174.12 174.12 174.12 174.12

Panel B: IV Risk-sharing coefficients
B - 0.12* 0.23* 0.14***  0.04 0.47***
(0.07) (0.14) (0.03) (0.10) (0.15)

Panel C: Risk-sharing coefficients from variance decomposition (OLS)
BAasy - 0.14*** 0.40**  0.08***  0.07 0.31%**
(0.02) (0.06) (0.01) (0.06) (0.03)

Robust standard errors in parentheses
***p<0.01,*p<0.05*p<0.1

Column (1) of Panel A displays the estimated coefficient for 7" from regression (3.2). The remaining columns
display the estimated coefficients for alternative dependent variables, as explained in the text. The regres-
sions include state fixed effects and control for the exposure shares, and lagged values of the independent
and dependent variables and the military spending shifts. Standard errors are clustered by state. Data before
1997 uses non-traded sector wages as a proxy for consumption. Period: 1968-2019. Number of observations:

N ~M
2,550. Panel B displays the risk-sharing parameters implied by Panel A, e.g. M = %, with standard errors

computed from the variance-covariance matrix of the stacked coefficients. Panel C displays the risk-sharing
coefficients from regressing the various dependent variables on the log change of output using OLS, as in
ASY. The OLS regressions use the same sample as in Panel A, including state fixed effects and time fixed
effects.

The world economy consists of two countries that form a currency union. The focus is on a
limiting case where the size of the foreign economy (denoted by an asterisk) goes towards infinity
and the home economy becomes a small open economy.'* Several model ingredients are standard in
this class of models, such as sticky wages, Armington trade and a production process that requires
capital and labor. As in the simple model, we focus on external demand shocks as a driving force.

We complement this baseline model with four features to capture the distinct risk-sharing chan-
nels emphasized in the empirical section: First, we allow for labor mobility across countries as in
House, Proebsting and Tesar (2023) to model the migration channel. Second, households” stock

holdings are potentially biased towards domestic firms to capture imperfect risk sharing through

4The exposition concentrates on the home economy, but equivalent equations hold for the foreign econ-
omy as well.
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capital markets. Third, the fiscal transfer channel is modeled through a progressive (federal) in-
come tax as in Heathcote, Storesletten and Violante (2017). Finally, households can trade in non-

contingent bonds subject to adjustment costs to capture the credit market channel.

4.1 Households, Population and Migration

The small open economy is populated by capital owners and workers. Capital owners are immobile.
Their number is given by IN¥. Workers are mobile and can move between the small open economy
and the rest of the world if they find it optimal to do so. The number of workers in the small open

economy at time £ is given by IN}’ and the total population is
N, = NF+IN?. 4.1)

Variables are indicated in per capita terms. For example, C}’ is the consumption of a single worker

while the total consumption for workers is IN}’C}’.

4.1.1 Capital owners

Capital owners receive income from dividends and interest. They own a (fixed) share x of domestic
tirms that pay out dividends P;D;, where P; is the price index of the final good and D; are real
dividends per capital owner. They also own a share 1 -« of foreign firms that pay out D* (the
foreign price index is normalized to 1). The parameter x indicates the home bias in capital owners’
firm ownership. As «k goes to zero, capital owners are more and more diversified. We later calibrate
K to match the empirically observed strength of the capital market channel.

Capital owners can also trade in bonds, but adjusting one’s bond position entails some cost,
given by 5P (Bf)z, where BF is the number of bonds purchased by capital owners in ¢, and ¢ > 0
disciplines the strength of the adjustment costs.'> The higher i, the more costly it is for capital
owners to use bonds to smooth income shocks. We later calibrate 1 to match the empirically observed
strength of the credit market channel. Bonds mature in one period and pay a constant nominal interest
rate i.1® The face value of bonds purchased in ¢ -1 is given by P,_1Bf ;. Taken together, nominal
capital income is

2
PYF = xkP,D; + (1-x)D* + Py BX 4i - épt (Bf).

>These adjustment costs are common in the literature on open-economy models because they induce sta-
tionarity (Schmitt-Grohé and Uribe, 2003). A very small value of ¢ is enough to induce stationarity. More
recently, calibrations with larger values of : have been proposed to model segmentation in international fi-
nancial markets, see e.g. Maggiori (2022).

16The fact that the nominal interest rate on bonds is fixed results from our SOE assumption.
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Income is taxed according to a log-linear tax and transfer function (Heathcote, Storesletten and
Violante, 2017): For any pre-government income y, the disposable income is given by uy'~7. The
parameter y captures the level of taxation, while the parameter T < 1 measures tax progressivity.
Positive values of T indicate a progressive tax system, while negative values indicate a regressive
tax system. If T = 0, the taxes paid are proportional to income and the tax rate is given by 1 — .
In that case, a 1 percent increase in pre-tax income raises post-tax income by 1 percent and the
tiscal system does not contribute to consumption smoothing. More generally, a 1 percent increase
in pre-tax income leads to a 1 — T percent rise in post-tax income. The larger 7, the stronger the
fiscal transfer channel. We later calibrate T to match the empirically observed strength of the fiscal transfer
channel.

Capital owners use their income to purchase consumption goods at price P; and to save or bor-
row by adjusting their bond position, P;Bf - P;,_1B¥ |. Taken together, at any point in time ¢, capital

owners choose consumption, C¥, and bond holdings, B, to maximize the expected discounted sum

of utility
E, f;/sf In(Cf,))
j=
subject to the nominal budget constraint
PCk+ PBF - P 1Bk, = 1 (Ptytk)l_f . (4.2)

The optimal demand for bonds satisfies the following Euler equation

Cilf( 1+‘1/l(1—T) (Pl‘-*—lYt{il)_Ti } (4 3)

1 = BIE; -
p { 7Tt+lcf+1 T+w(1-71) (Pt+1Ytk+l) i Bi{

where 714,41 = e ;;tl is inflation. Notice that absent income taxation and adjustment costs, this collapses

k
to the standard Euler equation, 1 = B(1 +1)E; {n fé:k }
t+1%441

4.1.2 Workers

Workers are mobile and earn labor income. Workers choose their location (Home or Foreign) at
the beginning of each period and consume and work in their new location within the same period.
Each period a share n; of workers migrate from Home to Foreign, whereas a share n; of workers
migrate from Foreign to Home. The number of workers available to work in Home in period ¢ is
therefore:

$=(1-n)NY; +n/IN".

20



Workers residing in Home receive nominal labor income W;L;, where wages W; and labor L; are set
by a labor union (see below).

Similar to capital owners, we allow workers to trade bonds. But to keep the model tractable,
we assume perfect risk sharing within the group of workers in each location (see e.g. Lucas ]Jr,
1990; Bilbiie, 2024, for a similar approach). As workers move across countries, they take their bond
holdings with them. The average worker leaving Home in t therefore leaves with B{, and the
average worker arriving in Home in t arrives with zero bonds (since bond holdings in the large
Foreign economy are equal to their steady-state level, which we set to zero). This makes borrowing
particularly cheap for the group of workers because they do not need to repay any debt incurred
by emigrants. To compensate for this incentive to overborrow, we assume that they face a higher

interest rate, which is set to ﬁ Total income for workers in Home is therefore

w 1—Tlt
t—ll_y—Z

. 1
NYPY? = NYW,L; + N P By~ N}’ S P (BY)?.

Similar to capital workers, workers are subject to taxation. Then, the budget constraint is
Ny PCY + N PBY - Ny, Py By = uNF (PY)' . (4.4)

When living abroad, workers” consumption is fixed and given by C**. The “household head”
of workers in Home chooses workers” consumption and bond holdings to maximize the expected
discounted sum of utility of the average worker subject to (4.4), taking the migration decisions as

given. The optimal demand for bonds then satisfies the following Euler equation:

cv 1+u(l-1) (Pt+1yﬁ1)_r 117[;%11} )

1=B8E -
P t{ﬁmcﬁl 1+L;4(1—T)(Pt+1¥fﬂil) TB?}

We next discuss workers” migration decision and the determination of labor supply.

Labor mobility At the beginning of each period, workers choose to migrate or remain in their
current country. Here, we focus on the location decision faced by workers currently living in the
home country, but equivalent conditions hold for workers living in the foreign country.

A worker moving from Home to Foreign incurs a migration cost v. Each period, workers re-
ceive idiosyncratic (i.e., worker-specific) shocks for each of the two countries, denoted by €; and

€; . Define v; (€4, €;) as the value of a worker currently living in Home conditional on the aggregate
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state and the worker’s vector of idiosyncratic shocks. The value of living in Home at time ¢ is
* w 1 w,* 1 * *
ve(er €f ) =maxi U (CY) + ;et +BE; (Vi) U (CP7) + ;et -v+ BE; (V™)

The value V; is the expected value of v; (€4, €;') prior to the realization of the idiosyncratic shocks and
thus V; is the average expected utility of any worker in Home at the beginning of time t. Parameter
7 governs how strongly idiosyncratic location shocks affect migration decisions.

We follow Artug, Chaudhuri and McLaren (2010) and assume that the idiosyncratic shocks are
iid. over time and across individuals and are distributed according to a Gumbel distribution with
zero mean. Given these assumptions, the average utility of a worker in Home at the beginning of

time t is
Vs 2 In(exp (7 (U (CF)+ BE (Vi) +exp (7 [U(C) 0+ (VD). (49

Migration decisions depend on this average utility. The share of workers who relocate from Home

to Foreign, denoted by n;, is

- P (Y [U(C) — v+ BE (V)])

oxp (71} ®7)

Naturally, a decrease in consumption in Home, C¥, leads to out-migration, especially if v is large.!”
Rewriting this expression in differences from the non-stochastic steady yields the number of emi-
grants as

Ny, = exp {-yAV:} iNY ;.

where AV, = V; - V and X is the non-stochastic steady state of any variable X;. In the Appendix, we

derive a corresponding expression describing the number of immigrants:
nfIN“”* = exp {y (AU; + BE;AVy,q) } n*IN®™.

Then, the number of workers living in Home at time f consists of the number of workers last period,

plus net immigration:
¢ =INY, +exp {7y (AU; + BEAV4,1) } n”"INY™ —exp {—yAV;:} nINY ;. (4.8)

Equations (4.6) and (4.8) fully characterize the dynamics of the workers’ population. The strength of

7Note that in the limiting case of a small open economy with N“* — oo, the utility terms in Foreign,
U(C®*) and V*, do not respond to fluctuations in the business cycle in the small open economy.
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the response of migration to consumption differentials is driven by two parameters: the migration
cost v and the inverse of the standard deviation of the idiosyncratic shocks, . A higher value of
7 implies a lower variance for the idiosyncratic shock and migration decisions are more driven by
consumption differentials rather than idiosyncratic preferences. This makes the migration response
larger. The migration cost parameter pins down the share of migrants, n, in steady state. Given v,

we calibrate -y to match the empirically observed strength of the migration channel.

Labor supply per worker Workers supply fixed amounts of labor, normalized to 1, in their
country of residence. As in Erceg, Henderson and Levin (2000), workers are randomly assigned a
job ¢ € [0,1] that pays a nominal wage W;(:). For each job, there is a labor union with market power
that acts in the interest of its members in setting a wage rate.

Job-specific labor L; (1) is employed by competitive labor-aggregating firms who sell aggregate
effective labor to goods-producing firms at wage W;. Labor-aggregating firms choose a combination

of jobs L (1) to maximize their profits

WtLt - ‘/0\1 Wt(l)Lt(l)dl.

subject to the definition of effective labor L;:

L =§+(f01(Lt(z>—§)% dz)q’wuil,

where 1, > 1 is the elasticity of substitution across jobs.The parameter { > 0 in this aggregator
ensures a positive equilibrium wage in the presence of inelastic labor supply (?). The demand for

each labor type then satisfies

L -2+ "o 9)
Each period, labor unions can reset wages for individual jobs, W; (1), with probability 1 - 6,,. If they
can adjust the wage, labor unions set it to maximize the expected net present value of total labor
income for their workers taking the demand curve for each job (4.9) as given. This optimization

problem then gives rise to the following labor supply curve:'

o (1=04B) (1-6)

; Li+ BE: [704], (4.10)
Ow

where a tilde denotes log deviations from the non-stochastic steady state and 7}’ is wage inflation

at time t. Notice that if wages were fully flexible (6, — 0), then hours per worker would be constant.

18See the appendix for more details.
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4.2 Firms, Production and Trade

Production takes place in a two-stage process. A first set of competitive firms produce intermediate
goods and sell these either domestically to final-good firms or to firms abroad. Final-good firms, in
turn, combine the domestically produced intermediates with imported intermediates to produce a

final good that is used for consumption and investment.

421 Intermediate goods

Intermediate good producers own the capital stock and pay dividends to households. Nominal

dividends are nominal sales less labor costs:
IN*P,D; = N PYY; - INYW, Ly (4.11)

Here, P} is the price of the intermediate good and Y; is the per-capita volume of intermediate goods
produced.

The production of intermediate goods requires overhead labor, L, and variable labor L; - L. The
introduction of overhead labor allows us to replicate the countercyclical labor share observed in the

empirical analysis. Output of intermediates is
N,Y; = (NYL - IN©L)' ™. (4.12)

Each period ¢, intermediate good firms choose dividends, Dy, and labor, L;, to maximize the ex-
pected discounted sum of their dividends, E; Y .2, ,B”S Q4 t+sDt4s subject to (4.11) and (4.12). Here,
ﬁ”th,Hs denotes the stochastic discount factor between f and ¢ + s and that reflects that a fraction
x of firms are owned by domestic capital owners whose marginal utility of consumption fluctuates

and a fraction 1 - x is owned by foreign households with constant consumption:

-1
t

Optimal labor demand implies
Wi (N¥Ly - N“L) = (1-a) P/ INY; (4.13)

4.2.2 Final-good producers

A second set of producers combine domestically produced intermediates, H;, and imported inter-

mediates, M, to produce a final consumption good C;. We normalize the nominal price of imported
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intermediate goods to 1. Final-good producers choose inputs to maximize profits
max {PtCt - PtYHt - Mt}

subject to the CES production function

-1 1 -1 %
Ci=((@)? ()T +(1-w)F (M) 7 )7 (4.14)

Here, the parameter ¢ describes the elasticity of substitution between domestic goods and imports,
and w describes the home bias. The optimal demand for domestic intermediate goods and imported

intermediate goods is given by

Y\~ ¥
4

In a similar fashion, the Foreign country demands some of the Home country’s intermediate goods.
We assume that foreign demand takes the same form as (4.16). Adjusting for fluctuations in the

home country’s population, this demand schedule is
N, X, = NXY; (PY) ™Y, (4.17)

where X is the per capita amount of exported intermediate goods in the non-stochastic steady state

and Y is the external demand shifter that follows an AR(1) with persistence p:

InY; =plnY/; +e. (4.18)

4.3 Market clearing

Market clearing of the intermediate good requires that the total production of tradable intermedi-
ates equals total demand:

Yt = Xt + Ht. (419)

Final consumption equals consumption by capital owners and by workers:
IN;C; = NFCF+ NV CY. (4.20)
A similar definition holds for aggregate bond holdings.
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5 Quantitative analysis

We solve the model using a first-order approximation around a zero inflation steady state. We
calibrate the model to U.S. states. The model is expressed at a quarterly frequency.

We partition the parameters into a set of calibrated parameters and a set of estimated param-
eters. Parameters that have commonly accepted values used in the international business cycle
literature or parameters that have direct analogues in the data (e.g., trade shares, migration shares,
etc.) are calibrated accordingly. Taking the calibrated parameters as given, we estimate the remain-

ing four parameters pertaining to the risk-sharing channels.

5.1 Calibration

Table 2 lists the calibrated parameter values. The discount factor is set to g = 0.99, which implies an
annual real interest rate of 4 percent. We set a = 0.40 to match a labor income share of 0.60 observed
for the United States (Karabarbounis and Neiman, 2013). The wage rigidity parameter is set to
0, = 0.85, consistent with recent estimates by Grigsby, Hurst and Yildirmaz (2021). Nekarda and
Ramey (2020) estimate the share of overhead workers in the total workforce to be 18%. We therefore
set L = 0.18L.

The migration cost parameter, v, enters the system of log-linearized equations only through
its effect on the migration share, 7. Instead of explicitly solving for the migration cost parameter,
we directly condition on the observed migration share. House, Proebsting and Tesar (2023) report
that a bit more than 3 percent of residents move across state border lines each year in the U.S. We
therefore set 71 = 0.8%.

An important set of parameters for the open economy multiplier pertains to the trade block.
Drawing on U.S. Commodity Flow Survey data, Nakamura and Steinsson (2014) estimate an import
share of 31% for the average U.S. state, leading us to set the home bias parameter to w = 0.69. We
calibrate the elasticity of substitution between domestic and foreign goods, ¥, at 1.5, consistent with
the international business cycle literature (Chari, Kehoe and McGrattan, 2002). Although this value
exceeds the cross-country 2-year elasticity estimate of 1 (Boehm, Levchenko and Pandalai-Nayar,
2020), it can be explained by the fact that trade within U.S. states typically encounters lower barriers

and enjoys greater market integration than international trade.

5.2 Estimation

Given the set of calibrated parameters, we employ a simulated method of moments to estimate the

risk-sharing parameters—the migration elasticity (), the equity home bias (x), the tax progressivity
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Table 2: CALIBRATION

Description Parameter Value Source / Target
Preferences
Discount factor B 0.99  Standard value

Production and labor
Labor income share 1-« 0.60  Karabarbounis and Neiman (2013)
Wage stickiness 0.85  Grigsby, Hurst and Yildirmaz (2021)

w
Share overhead labor [ /L 0.18  Nekarda and Ramey (2020)
Share of migrants i 0.8% House, Proebsting and Tesar (2023)
Trade
Trade openness 1-w 0.31  Nakamura and Steinsson (2014)
Armington elasticity P 1.5 Chari, Kehoe and McGrattan (2002)
Shock process
Shock persistence 0 0.93  Nakamura and Steinsson (2014)

() and the adjustment cost on bond holdings (1).1°

Our parameter estimates are chosen to match
the risk-sharing betas of the four channels: g™, K, Bf and . We calculate these objects by sim-
ulating quarterly data from the quantitative model, time-aggregating it up to an annual frequency,
and running the regression (3.2) on this data. To run this regression, we need to define the model

counterparts of the various income concepts in the data: Aggregate nominal GDP is
GDP™ =N, P Y.

Personal income is labor income of workers plus dividends received by capital owners as well as net
interest:

PIF™ = NFW, Ly + N (kP Ds + (1= )D") + Ny Pr1 By

It differs from GDP by excluding retained earnings (which, in the model, only refer to investment
since corporate saving is zero), but including dividends and interest income earned abroad. Hence,

the capital market channel reflects movements in retained earnings / investment and differences in

YMore detail on the simulation procedure and model regressions is provided in Appendix XXX.
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capital market returns.?’ Disposable income is
DI = p (PL™)
And per-capita nominal consumption is given by
P,Cy.

Esimated parameters Table 3 displays the estimated parameters together with the targeted mo-
ments. Since we are exactly identified, our model perfectly matches the empirical moments. Our
estimate for the equity home bias is 0.56, implying that a $1 increase in capital income generated
in state i raises received capital income in that state by $0.56. To see whether this number is sensi-
ble, we classify capital income sources by whether they are linked to a household’s local economy.
Over our sample period, about 40% of capital income is likely to be generated locally (proprietors’
income including taxes, rental income)—close to the home bias estimate of 56%, whereas the re-
maining 60% are more likely to be diversified (corporate profits including taxes and net interest).?!
Our estimate of tax progressivity is T = 0.22 is somewhat higher than the estimate found by Heath-
cote, Storesletten and Violante (2017). They use household-level data on income and disposable
income from the Panel Study of Income Dynamics combined with the NBER’s TAXSIM program to
estimate T = 0.184.

Panel B of Table 3 displays some non-targeted moments. First, the model generates a counter-
cyclical labor income share. In the data, a $1 increase in income is split into a 45 cents increase in
labor income and a 55 cents increase in capital income. With labor income accounting for 60% of
total income, this implies that the labor income share falls, i.e. it is countercyclical. In the model,
the split is 47 - 53. The model can generate this countercylical labor share through the presence
of overhead labor. The higher the share of labor that is fixed, the smaller the share of labor that
responds to fluctuations in demand and therefore, the smaller the increase in labor income.

The next row indicates the output multiplier, which is 1.43 in the data and 1.48 in the model.

2n particular, the difference is

GDP/"*" _ PI"" - IN¥ (P,I; - (1 -«) (D* - P;D;)) - N} P,_1 B;_1i.

2l0ver our sample period, about a quarter of capital income stems from proprietors’ income, generally
income generated by self-employed (e.g. restaurant owners) that, in practice, is linked to the household’s
home state. Another 5% stems from rental income, which might also be biased towards a household’s home
state. About 45% of capital income consists of corporate profits and interest rate income, where geographical
diversification is easier. And another quarter relates to taxes on production and imports less subsidies. Dis-
tributing those taxes proportionately to proprietors’” income and corporate profits suggests that about 40% of
capital income is accounted for by proprietors’ income including taxes and rental income.
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Table 3: ESTIMATION

Moment Data Model Parameter Value

Panel A: Targeted moments and estimated parameters

Migration channel (M) 0.12 0.12 Migration elasticity () 16.48
Capital market channel (8X)  0.23 0.23 Equity home bias (x) 0.56
Fiscal transfer channel (BF) 0.14 0.14 Tax progressivity (7) 0.22
Credit market channel (B°) 0.04 0.04 Bond adj. cost () 0.23

Panel B: Non-targeted moments

Marg. labor income share 0.45 0.47
Output multiplier 1.43 1.48
Consumption multiplier 0.68 0.70

Notes: Panel A displays the estimated parameters as well as the targeted moments. The targeted
moments correspond to those reported in Panel B of Table 1. To get the counterparts to these moments
in the data, we simulate our model by feeding in random sequences of external demand shocks and
then run the same regressions as we do in the data (see equation (3.2)). Panel B displays non-targeted
moments as estimated from the empirical data and the simulated data.

Since the output multiplier is slightly larger in the model than in the data, the consumption multi-

plier is also slightly larger in the model (0.70) than in the data (0.68).

6 Role of risk sharing in reducing consumption volatility

To what extent does risk sharing across U.S. states lower states’ consumption volatility? We answer
this question by first comparing our benchmark economy to a counterfactual economy where all
risk-sharing channels are shut down, and then by analyzing the role of each risk-sharing channel

separately.

6.1 Role of all risk-sharing channels combined

In our benchmark economy, the output multiplier is 1.48 and the consumption multiplier is 0.70
(see Figure 3). The consumption multiplier is lower because risk sharing smooths out 47% of all
income fluctuations. Removing all risk sharing raises the consumption multiplier. If income were
not affected by risk sharing—in other words, if risk sharing did not affect the output multiplier—
raising the share of unsmoothed income fluctuations from BY = 0.53 to B = 1 would raise the
consumption multiplier to the value of the output multiplier, i.e. 1.48. This effect represents the

direct effect of risk sharing.
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Multipliers with and without risk sharing

\ \
[l Per-capita nominal consumption
0.70 P Aggregate GDP

Baseline

No risk sharing
2.27

0 0.5 1 1.5 2 2.5
Response to a $1 increase in government spending

Figure 3: MULTIPLIERS WITH AND WITHOUT RISK SHARING

Notes: The figure displays multipliers for aggregate nominal GDP and per-capita nominal consumption.
The estimates are based on model data, simulated from the benchmark calibration and a counterfactual
calibration that shuts down all risk-sharing channels (y - 0,x =1, T =0 and ¢ - o).

However, the full impact on consumption volatility is even larger because the absence of risk
sharing also increases the output multiplier itself. In other words, a reduction in risk sharing not
only makes pY larger but also amplifies output fluctuations, thereby further increasing consump-
tion volatility through general equilibrium effects. As shown in Figure 3, the output multiplier
increases to 2.27 in the model without risk sharing. Therefore, taking into account that removing
risk sharing also amplifies output fluctuations, the consumption multiplier rises from 0.70 in the
benchmark to 2.27 in the counterfactual. This additional increase in the consumption multiplier
(from 1.48 to 2.27) reflects the indirect benefits of risk sharing and accounts for about 40% of the

overall increase in the rnultiplier.22

6.2 Role of individual risk-sharing channels

The previous section studied the role of all risk-sharing channels combined in smoothing out con-
sumption volatility, highlighting the feedback mechanism of risk sharing on income volatility. In
this section, we study the role of individual risk-sharing channels by shutting down only one chan-
nel while keeping the remaining parameters at their baseline value. This helps identify the key

risk-sharing channels in the United States.

22Based on equation (2.1), the log change in the consumption multiplier can be written as

Alog (m?) = Alog (ﬁ';l) +Alog (my),

where the first term reflects the direct effect of risk-sharing via the unsmoothed income share and the second
term reflects the indirect effects via the output multiplier.
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Short-run response Medium-run response

Baseline Baseline

No migration No migration

No capital markets No capital markets

No fiscal transfers No fiscal transfers

No credit markets No credit markets

No risk sharing +223% No risk sharing

0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
Response to a $1 increase in government spending Response to a $1 increase in government spending

Figure 4: CONSUMPTION MULTIPLIERS FOR COUNTERFACTUALS

Notes: The first horizontal bar in each subplot refers to the response of per-capita nominal consumption
to a $1 increase in income. The short-run response denotes the equivalent response to the empirical
specification (2-year differences). The medium-run responses denotes the change in per-capita nominal
consumption, 4 years after the short-run response.

One might be tempted by deriving the importance of a risk-sharing channel from its § coeffi-
cient. But this would ignore that households optimally adjust their behavior in response to policy
changes. For instance, lowering fiscal transfers across states raises households’ incentives to migrate
in response to reduced personal income. Our model allows us to answer these policy counterfactu-
als by accounting for these interdependencies across risk-sharing channels.

Figure 4 displays consumption multipliers for various counterfactuals where only one risk-
sharing channel is shut down at a time. Multipliers are expressed in percent changes compared
to the baseline multiplier. The short-run response (left panel) displays the impact multipliers (esti-
mated along the lines of regression (3.2)), whereas the medium-run multipliers (right panel) show
the response at a horizon of four years obtained from regressing consumption changes between t -2
and f +4 on changes in government spending between t -2 and ¢.

The figure reveals that risk-sharing channels act as substitutes: the overall increase in the con-
sumption multiplier when all risk-sharing channels are eliminated (+223%) is more than double
the combined increase from removing one channel at a time (+119%). Removing only one channel
triggers compensatory increases in other channels that partly mitigate the loss of risk sharing. The
figure therefore underscores why a structural model is necessary to capture the changes in house-
hold behavior and to quantify these interdependencies between risk-sharing channels.

Looking more specifically at the risk-sharing channels reveals that each channel’s estimated
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coefficients provide only a partial picture of each channel’s smoothing role. For instance, although
the B’s for the migration and fiscal transfer channels are similar (0.12 vs. 0.14), removing fiscal
transfers raises the consumption multiplier by 40% upon impact, whereas removing migration only
increases it by 16%, indicating that fiscal transfers are more than twice as important as migration in
reducing consumption fluctuations. Similarly, shutting down credit markets increases consumption
by 11%, even though the corresponding B is only one-third that of migration (0.04 vs. 0.12). Shutting
down capital markets produces the largest effect, raising consumption by 52%.

The medium-run response (right panel of Figure 4) further demonstrates that the relevance of
different channels evolves over time. In the short run, fiscal transfers and credit markets play a
more prominent role, whereas migration becomes increasingly important in the medium run.?

Figure 5 provides additional information on these counterfactuals by showing for each counter-
factual the response of the other risk-sharing channels, together with that of output and consump-
tion. In general, eliminating one channel tends to raise the remaining channels’ ’s, partially com-
pensating for the reduction in overall risk sharing. For instance, in the absence of fiscal transfers,
households respond to state-specific shocks by migrating across U.S. state borders. This dynamic
is reflected in the migration channel’s counterfactual risk-sharing coefficient: Whereas a 1% rise in
output increases population by 0.12% in the baseline, this figure rises to 0.14% in the absence of
tiscal transfers. Despite these compensatory effects, the part of income fluctuations that remain un-
smoothed rises when fiscal transfers are eliminated: In the baseline, 14% of income fluctuations are
smoothed out through fiscal transfers and 47% of income fluctuations remain unsmoothed. Reduc-
ing the fiscal channel to zero raises the part that remains unsmoothed by eleven percentage points
to 55%. While these compensatory responses of the remaining risk-sharing channels partly undo
the loss in risk sharing, the overall effect on consumption is generally larger than predicted by the

direct effect.

7 Conclusion

We argue that risk-sharing p’s underestimate the benefits of risk sharing because they ignore the
general equilibrium effects on income volatility. Quantitatively, these indirect benefits can be large.
Calibrating a DSGE model of a small open economy to match these empirical findings we show that
the observed level of risk sharing between U.S. states cuts state-level consumption volatility by a
factor of 3.5, with 40% of the reduction being due to indirect, general equilibrium effects.

While we do not perform a quantitative welfare analysis, our finding that risk sharing affects

ZThis growing role of migration as an adjustment mechanism is consistent with findings in, e.g., Foschi
et al. (2022).
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No migration

No capital markets

NG 0.12 AGK10.23
ABE ABM
ABT 0.03 ABF
ABC ABC
ApY 0.09 ApY
A in per-capita consumption 0.11 A in per-capita consumption 0.36
A in aggregate GDP -0.03 A in aggregate GDP

-0.2 0 0.2
Absolute Change

No fiscal transfers

0.4

-0.2

0 0.2
Absolute Change

No credit markets

0.4

ABF Ap° -0.04
ApY A 0.00
ABF ABK -0.00
N apf 0.00
AGY ABY 0.04
A in per-capita consumption A in per-capita consumption 0.08
A in aggregate GDP A in aggregate GDP 0.05
-0.2 0 0.2 0.4 -0.2 0 0.2 0.4
Absolute Change Absolute Change

Figure 5: RISK-SHARING ﬁ’S FOR COUNTERFACTUALS

Notes: Risk-sharing f’s and per-capita nominal consumption multipliers are reported for alternative
model calibrations. The notes to Figure 3 explain how the various ’s and the consumption multiplier
are estimated from the simulated data. In the counterfactuals, eliminating migration implies 7y — 0, elim-
inating capital markets implies x = 1, eliminating fiscal transfers implies T = 0, eliminating credit markets
implies 1 - oo, and frictionless credit markets imply ¢ — 0.

consumption volatility indirectly through its effect on output volatility is important for such an
exercise. First, consumption volatility directly shows up in households” welfare. Finding that the
indirect effects of risk sharing amplify its effect on consumption volatility should therefore lead to
larger welfare gains from risk sharing. Second, higher output volatility is typically associated with
lower welfare due to first-order effects, especially if it goes along with higher inflation volatility.
The New Keynesian literature emphasizes that higher inflation volatility reduces average output
and hence, consumption, leading to first-order welfare effects (Woodford, 2003; Gali, 2008). More
recently, several papers have proposed models in which output volatility directly reduces average
output, e.g. through downward nominal wage rigidity (Schmitt-Grohé and Uribe, 2016; Dupraz,
Nakamura and Steinsson, 2023). Taking these first-order effects into account would suggest that
the potential gains from risk sharing are substantially higher than what is implied by a reduction of
consumption volatility.

While our empirical and quantitative analysis focus on U.S. states, our conclusions are relevant
for other currency unions as well, in particular the euro area. As shown in the introduction, the euro
area does not only feature a higher consumption volatility, but also higher output volatility, in line

with our model predictions. Disentangling whether this higher output volatility is due to less risk
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sharing or a higher volatility of the exogenous shock processes is an important question for future

research. Our paper provides a relevant framework to analyze this question.
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