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Abstract

We document aggregate income growth uncertainty at the state level, and the extent to
which this uncertainty is reduced by risksharing through financial markets and federal
fiscal policy. A methodology is adopted that is closely connected to the empirical growth
literature. It does not rely on assumptions about a model or stochastic process of income.
This is important because estimated gains from international risksharing have been found
to be very sensitive to the assumed model or income process. We only make assumptions
about the information set used to predict growth, which is sufficient (and necessary) to
compute income growth uncertainty. FEstimates of growth uncertainty for a representative
state are obtained at horizons from one to twenty-six years from panel regressions of
state income growth, in deviation from national growth, on variables in the information
set. This “residual risk” can be fully diversified at a zero risk premium. We show that
potential welfare gains from risksharing depend on a weighted average of the variance
of residual risk at different horizons. Three measures of income are considered: gross
state product, pre-tax state income, and disposable state income. The difference between
the first two is associated with financial markets (net asset income), while the difference
between the last two is associated with federal fiscal policy (federal taxes and transfers).
At a 26-year horizon we find that 71% of potential welfare gains from risksharing have
already been achieved; 60% through financial markets and 11% through federal fiscal
policy.



1 Introduction

Households all over the world are faced with substantial uncertainty about the long term
growth of the country in which they reside. Athanasoulis, Shiller and van Wincoop
(1998) find that over a period of three decades it is quite likely that per capita GDP
of the best performing OECD country doubles relative to that of the worst performing
country, purely by surprise. Among a larger set of forty nine countries this is true
almost with probability one. Despite the large uncertainty about growth, the degree of
risksharing among countries is very limited: consumption growth uncertainty is about
as large as GDP growth uncertainty.! Although international financial markets are
becoming more integrated?, there still is a strong “home bias” in equity portfolios. The
most recent numbers on international portfolio diversification, reported by Tesar and
Werner (1997), show that in 1996 US and Japanese residents invested respectively 90%
and 95% of their stock portfolio at home.

In this paper we will evaluate the extent of risksharing within the United States. This
is of interest by itself as it sheds light on what financial markets and fiscal federalism
have accomplished within the US. It also provides a good benchmark against which to
place the international evidence in perspective. We would like to know whether the low
degree of risksharing among countries is due to barriers that are specific to international
borders. To this end it is useful to evaluate the extent of risksharing within a country.
There are no capital controls among the states, there are no language barriers, there is
a common regulatory framework, there are common accounting standards, and there is
a single currency. If the extent of risksharing is limited even within a country, we may
have to look for other explanations, unrelated to geographic borders.

Our interest is not in risksharing at the micro level of individuals or households, which
has been the focus of studies such as Altug and Miller (1990), Cochrane (1991), Hayashi,
Altonji and Kotlikoff (1996), Mace(1991), Miller and Sieg (1997), and Townsend (1994).
Full risksharing at that level is generally rejected. For moral hazard reasons one might
not expect financial markets to provide insurance against individual-specific risks. Fi-
nancial markets should be able to provide insurance against aggregate risk factors, which
are not under the control of households. Examples are uncertainty about aggregate in-

come of a region (geographic risk), aggregate income of an age cohort (demographic

1See Athanasoulis and van Wincoop (1997).
2Since the early 1980s gross capital flows among industrialized countries have quadrupled as a fraction

of GDP.



risk), or aggregate income of an industry (occupational risk). In this paper we focus
on aggregate income growth uncertainty at the level of US states. Our goal is to mea-
sure this geographic risk and the extent to which it is reduced by financial markets and
federal fiscal policy.

Risk is measured as the standard deviation (or variance) of income growth uncer-
tainty at horizons from one to twenty-six years. We use measures of aggregate income
in a state before and after risksharing from a nice data set constructed by Asdrubali,
Sorensen and Yosha (1996).% Income before risksharing is measured as per capita gross
state product (GSP). This is the output of the state and does not include any transfers
among states that can be associated with risksharing. The first measure of income after
risksharing is per capita pre-tax state income, which is close to the state equivalent of
GNP. It includes net asset income. A second measure of income after risksharing is
disposable state income, which subtracts from pre-tax state income net payments (taxes
less transfers) from the state to the federal government. We use these income measures
to determine the reduction in the standard deviation (or variance) of income growth
uncertainty accomplished by financial markets and federal fiscal policy. Using standard
CRRA preferences, we also compute the potential welfare gain from risksharing based on
GSP and the fraction of that gain that has already been achieved through financial mar-
kets and federal fiscal policy. Although it is ultimately welfare that matters, we believe
simple standard deviations of income growth uncertainty before and after risksharing
are at least as informative because they do not rely on particular assumptions about
preferences.?

We focus on income growth uncertainty that in theory can be diversified away
through risksharing. This is uncertainty about income growth of a state in deviation
from national growth. National income growth uncertainty cannot be diversified through
risksharing within the United States. One approach to measure income growth uncer-
tainty is to specify a particular model or statistical process for income. If one knew the
correct model or income process, this would be the preferred approach. However, no one
knows this. Assuming a particular process can lead to misleading results. van Wincoop
(1998) shows that an important reason estimates of welfare gains from international

risksharing vary so much in the literature is the sensitivity to the assumed model or

3We would like to thank Bent Sorensen and Oved Yosha for making available to us data from

Asdrubali, Sorensen and Yosha (1996).
4One problem with utility functions that are commonly adopted in the welfare gains literature is

that they are subject to the equity premium puzzle.



income process.’

We therefore adopt a more model-independent approach to compute income growth
uncertainty, whereby we only make assumptions about the information set used to pre-
dict growth. The component of growth orthogonal to this information set is the unpre-
dictable part. The information set does not tie down the process that income growth
follows®, but knowing the information set is sufficient (and necessary) to compute in-
come growth uncertainty. We construct a large state-level information set, focusing on
variables that have been found to be important at the national level in the empirical
growth literature. Although one can of course argue about what variables should be in
such an information set, we believe that our findings are quite robust. After including
the three variables with most predictive power, adding an additional six variables does
not affect the estimated risk very much. Moreover, separate from the estimated level of
risk, our estimates of the percentage risk-reduction achieved by financial markets and
federal fiscal policy are almost the same with an “empty” information set as with a full
information set of nine variables.

The remainder of the paper is organized as follows. The next section discusses
previous work on intranational risksharing and relates our approach to that literature.
Section 3 discusses the methodology used to measure risk and the extent of risksharing.
Section 4 applies the results to the United States. After describing the income measures
and the information set, it reports output growth uncertainty at horizons from one to
twenty six years, and the potential welfare gain from sharing this risk. The extent to
which this risk has been diversified through financial markets and federal fiscal policy is

discussed in section 5. The final section concludes.

SEstimated gains from international risksharing, measured as the welfare equivalent permanent per-
centage increase in expected income, range from 0.1% to 100%. van Wincoop (1998) shows that the
estimated potential welfare gain among OECD countries at a 50-year horizon is 3% when assuming an
AR process in growth rates, and drops to a very small 0.2% when only adding a global cointegration
term. For other papers computing welfare gains from international risksharing see Athanasoulis and
van Wincoop (1997), Backus, Kehoe and Kydland (1992), Cole and Obstfeld (1991), Kose (1995), Lewis
(1996), Mendoza (1995), Obstfeld (1994a,b), Shiller and Athanasoulis (1995), Tesar (1995), and van

Wincoop (1994,1996).
5To see this, consider an information set consisting of current per capita income and the most recent

growth rate, both in deviation from the national average. To predict deviations from national growth,
this information set is consistent with an AR(1) process in levels, an AR(2) process in levels, an AR(1)
process in growth rates, and an AR(1) in growth rates with a global cointegration term added.



2 Previous Literature on Intranational Risksharing

Since the paper is focused on risksharing among regions within a country, we will limit
ourselves to a discussion of the literature in that area, leaving aside findings on the
extent of risksharing at the micro level among individuals or households. One problem
that immediately arises is that the term “risksharing” itself has been used in different
ways. The definition we will adopt in the main body of this paper is the sharing of
uncertainty about future income, which we refer to as R. It has been used this way
in most of the literature on welfare gains from international risksharing as well as in
the political economy literature.” On the other hand, Cochrane (1991), Mace (1991)
and Townsend (1994), from here on CMT, use the term risksharing in a broader sense,
referring to complete risksharing as the Arrow Debreu allocation. This amounts to both
R and intertemporal substitution of consumption through borrowing and lending. We
refer to this as AD.® Asdrubali, Sorensen and Yosha (1996), Bayoumi and Klein (1997),
Hess and Shin (1997,1998), and van Wincoop (1995) can be seen as papers on the extent
of intranational risksharing in the sense of AD. Coval and Moskovitz (1997), Crucini
(1998), Del Negro (1997), and Huberman (1997) are papers on intranational risksharing
in the sense of R used in this paper.

These papers use a wide variety of risksharing metrics and do not always lead to
the same conclusion. Asdrubali, Sorensen and Yosha (1996) estimate panel regressions
of consumption growth of individual states on GSP growth and time dummies. Ac-
cording to the CMT test the coefficient on income growth should be zero under perfect
risksharing. The authors use one minus the coefficient on income growth as a measure
of risksharing in the sense of AD. According to this definition they find that 75% of
income growth is “smoothed” at a one year horizon and 47% at a 10 year horizon. Bay-
oumi and Klein (1997) estimate the same equation for Canadian provinces, but allow the
coefficient on income growth to differ across provinces. They also find small coefficients
on the income growth variable.” An important contribution of Asdrubali, Sorensen and
Yosha (1996) is the quantification of the channels that contribute to the reduction in

"See for example Persson and Tabellini (1996).
8It is a bit unfortunate that the word risksharing has also been used in the broader sense because
intertemporal substitution of consumption can take place in an environment without risk. It amounts

to the smoothing of consumption relative to the expected path of income.
9 Although they generally assume this coefficient to vary across provinces, they estimate it to be 0.15

when it is assumed equal across provinces. This means that 85% of income growth is “smoothed” at
the one-year horizon, adopting the terminology in Asdrubali, Sorensen and Yosha (1996).



the cross sectional covariance between consumption and income growth. They consider
capital market smoothing, federal smoothing and credit market smoothing.

Hess and Shin (1997) also address the risksharing question in the context of the CMT
test. They use micro data, regressing household food consumption growth on national
consumption growth, the deviation between state and national consumption growth,
and the deviation between consumption growth of members of the same industry and
national consumption growth. The last two coefficients, which reflect the extent of
risksharing across states and across industries, are both positive and significant. Perfect
risksharing is rejected, but the coefficients are not very big, ranging from 0.2 to 0.4.

Hess and Shin (1998) and van Wincoop (1995) report another risksharing measure,
the correlation of consumption growth across regions in comparison to the cross re-
gion output correlation. Although this measure is not based on the CMT test it can
nonetheless still be interpreted as an AD risksharing measure. Backus, Kehoe and Kyd-
land (1992) find that a model with complete assets markets, in the sense of AD, implies
cross country consumption correlations that are significantly above income correlations.
The opposite is the case in international data, a phenomenon they have called the “quan-
tity anomaly”. Hess and Shin (1998) find that the quantity anomaly also holds among
US states, while van Wincoop (1995) finds that the correlation of consumption across
Japanese prefectures is about the same as the correlation of output across the prefec-
tures. From these results one would conclude that the extent of intranational risksharing
is still quite limited.

The remaining four papers consider measures of risksharing in the R-sense. Crucini
(1998) and Del Negro (1997) regress state consumption growth on national and state-
specific innovations in the present discounted value of income. Crucini (1998) assumes
that a fraction of agents consume state permanent income and the remainder consume
national permanent income. The coefficient on national permanent income growth can
then be interpreted as a measure of risksharing. In order to compute innovations in state
and national permanent income the authors assume either i.i.d. state income growth or
a VAR including state and national income growth.!® Both authors conclude that the
degree of risksharing within the US is substantial. Crucini (1998) finds that about 90% of
consumption growth is associated with innovations in national rather than state-specific

permanent income.!!

10Crucini (1998) also considers a univariate autoregressive process.
"He finds the same for Canadian provinces.



Coval and Moscovitz (1997) and Huberman (1997) consider a more direct measure
of risksharing among states by looking at portfolio diversification. They report data on
respectively portfolios of US investment managers and households’” holdings of regional
Bell companies. Both papers report that even within the US there is a geographical
home bias.

All of these risksharing measures are interesting on their own and provide different
perspectives on the risksharing question. But there are four limitations of these measures
that we would like to discuss. First, they do not provide estimates of risk agents are
exposed to, and the extent to which this risk is reduced through financial markets and
other channels. We believe that measuring risk and risk reduction is important in order
to evaluate what financial markets and federal fiscal policy have actually accomplished.
It may be that portfolios are not completely diversified even within the United States
because a limited extent of diversification achieves most of the attainable welfare gains.

Second, and this is related to the first point, without computing the reduction in in-
come uncertainty achieved through risksharing conclusions about the extent of riskshar-
ing can only be drawn in the context of specific models. Interpretations will generally be
sensitive to the particular model adopted. In Crucini (1998) the interpretation that the
coefficient on permanent national income growth is a measure of risksharing relies on a
model where some agents engage in perfect risksharing while others consume their per-
manent income. Asdrubaly, Sorensen and Yosha (1996) and Bayoumi and Klein (1997)
regress consumption growth on current income growth rather than permanent income
growth. In order to interpret the results, Bayoumi and Klein (1997) adopt a model
whereby a fraction of agents simply consume their current income, while others engage
in perfect risksharing (in the sense of AD). Then one minus the estimated coefficient on
current income growth is equal to the fraction of individuals that engages in risksharing.
These interpretations are only valid in the context of the particular model adopted.!?
The models above are very stylized and conclusions may change in the context of richer
models.!® Similar problems arise when comparing cross region consumption and income

correlations. van Wincoop (1995) interprets the low cross region consumption correla-

121f the same model as in Crucini (1998) is adopted, the interpretation of the regressions in Asdrubaly,
Sorensen and Yosha (1996) and Bayoumi and Klein (1997) would, among other things, depend on the

persistence of shocks, which affect the relationship between current and permanent income growth.
130ne possibility is that there are three types of individuals, consuming respectively current income,

permanent state income and permanent national income. In that case one may want to regress con-
sumption growth on all three income measures. But even that is a rather rudimentary model.



tion in Japan in the context of a model in which some agents are “capital owners” and
are perfectly diversified, while others only earn wages and are not diversified. While
such a model does reasonably well in accounting for the stylized facts, there may be
many other models that do so as well.

Third, the risksharing measures in Crucini (1998) and Del Negro (1997) rely on
estimated innovations in permanent income. It is natural to focus on permanent income
because individuals are concerned with risk associated with income at all future dates.
But to obtain innovations in permanent income, the authors estimate a specific stochastic
process of income. As mentioned in the introduction, and by Crucini (1998), results are
likely to be sensitive to assumptions made about the income process.

Finally, most papers in this literature rely on consumption data. For the United
States consumption data are not available at both the micro and state levels.'* Therefore
proxies have been used involving food consumption at the micro level and retail sales
at the state level. Another problem, particularly in the context of the methodology
adopted in this paper, is that consumption may also be affected by “taste” shocks.!®
In that case state consumption growth uncertainty relative to GSP growth uncertainty
is not a good measure of risksharing even if consumption is accurately measured. For
these reasons we avoid using consumption data in this paper to measure the extent of

risksharing.

3 Measures of Risksharing

We consider a country with I regions. Let y; be per capita income before risksharing
of region ¢ during year t. We define the growth rate of region i’s income from ¢ to ¢t + s

85 Giirs = 0 Yirrs — I yir, and write

Gitits = O+ NsZig + €t pqs (1)

Here oo 4+ A5z and €445 are the predictable and unpredictable components of growth,
respectively. « is a constant. The vector z;; contains the information set available at

time ¢ to predict future growth.

14Better data are available for Canada and Japan, used by Crucini (1997) and van Wincoop (1995).
15Stockman and Tesar (1995) attribute low cross country consumption correlations to such taste

shocks. In this context, Sorensen and Yosha (1998) criticize using cross country or cross state consump-

tion correlations as a measure of risksharing.



It is important to stress that (1) is not a statistical process for income growth. Saying
that we can write income growth as the sum of a predictable and an unpredictable
component is not imposing any structure. The only structure that is imposed is that
the predictable component is written as a linear function of variables in the information
set. While it is important to agree on what variables are in the information set, the
linearity is less restrictive than it seems. Let us say we choose the investment rate and
current per capita income as variables that are in the information set. Then the vector
zi can also include non-linear terms, such as the investment rate squared, and non-linear
interaction terms between the investment rate and per capita income. We will consider
such non-linear terms in section 5.6

Regions remain exposed to national income risk even after complete risksharing
among each other. We therefore focus on the uncertainty about a region’s growth in
deviation from national growth. Defining national variables with a superscript N, from

(1) we can write the deviation from national growth as
Gittt+s — gé?{‘,+s = As(2i — ZtN) + Uit tts (2)

where w11 s = €it14s — €1py, i referred to as “residual risk”.!”

The total region i growth innovation from t to ¢ 4 s is €%, + Uizs+s. When re-
gions engage in complete risksharing, exposure to the residual risk ;4 is eliminated.
When all regions are equally risk-averse they will be identically exposed to national risk
e{\; 4, after risksharing. We therefore focus on the extent to which risksharing reduces
uncertainty about the residual u; 44 s.

While regions are not exposed to residual risk under complete risksharing, regions
whose output is relatively uncertain, or highly correlated with national output, have to
pay a premium to achieve this risksharing, while others receive a premium. In finance
terms, one can think of cov(€; s1+s, €1v4,)/var(efy, ) as the beta associated with a region’s

growth innovation.'® Regions whose beta is larger than one have to pay a premium to

16The assumption that « is independent of the region is not restrictive. If o were to differ across
regions, there must be a reason why we expect different growth rates across regions. This can only
occur because of some prior information that we have, which should be captured by the information
set z;¢.

"For a region specific variable z;, we define the national counterpart as z™¥ = 25:1 O;jx;. The
weights are given by 0; = nuysEr Yitts/ (2521 Njt4+sEr Yjirs), where n; is the state j population.
These weights are based on the expected relative size of aggregate state income at ¢ + s.

18For the US, Del Negro (1997) computes the beta for individual states.



diversify away their risk, while regions whose beta is less than one receive a premium.
The sum of these premia across regions is zero.

For sufficiently long growth intervals there is only one observation per region, so that
we are not able to compute the variance of residual risk for individual regions.'® This
problem arises because we have not assumed a specific process for income growth. If
we had, this process could be estimated and the variance of residual risk at all horizons
could be computed for each region separately. As discussed in the introduction, we
would like to avoid this because results are known to be very sensitive to the assumed
process. We also want to avoid the strong and unrealistic assumption that all regions
have the same standard deviation of residual risk and the same “beta” (equal to one).

The compromise is to focus on an artificial “representative” region with “average”
residual risk. We assume that the innovations w445, with non-overlapping intervals
[t,t + s], are all independent draws from the distribution of residual risk of the repre-
sentative region. This is attractive because it gives us many observations for the repre-
sentative region, even if there is only one observation per region. Notice that this is an
unconditional distribution. Conditional on the region, distributions of the innovations
U; 1+ are generally different. These conditional distributions cannot be estimated if we
have only one observation per region. We assume that residual risk of the representative
region has a N(0,02) distribution and is independent of the national innovation el{\ft tae
The “beta” of the representative region is therefore one.

We use the representative region’s standard deviation o, of residual risk as a measure
of diversifiable risk. As we know from the finance literature, uncertainty about the
deviation from the market return can be fully diversified at a zero risk premium (without
affecting the expected return) when an asset has a “beta” of one. In our context, the
residual risk of the representative region can be diversified at zero cost, without changing
the expected growth rate. The extent of risksharing accomplished by financial markets
and federal fiscal policy is measured by the percentage drop in the variance or standard
deviation of residual risk based on income before and after risksharing.

Estimates of u;;,.s are obtained as follows. After choosing an information set we
estimate (2) with a panel regression, using all non-overlapping intervals of horizon s in
the sample (starting with the most recent). We estimate this with OLS, separately for
each horizon s. For a given region these innovations should be uncorrelated across non-

overlapping intervals as new innovations are orthogonal to past information. For a given

9The same problem arises with regards to the average variance of residual risk across regions. For

long horizons we have only one observation on that moment as well.



interval, the innovations are not necessarily uncorrelated across all regions. For example,
the residuals are positively correlated across two regions with relatively high exposure
to national income shocks. But we generally cannot estimate these correlations since for
sufficiently long horizons we have only one growth observation per region. Since we do
not have any priors, and on average the residuals are uncorrelated across regions?, it is
natural to estimate (2) with OLS. No matter what the actual correlation structure, the
estimates are always unbiased.

At this point it is useful to point out some differences with regressions in the empirical
growth literature. First, the growth literature often includes contemporaneous right
hand side variables. This leads to well known causality problems. We avoid that because
our interest in growth uncertainty forces us to use variables that are in the information
set at the time growth predictions are made. Second, the growth literature estimates
(1), before subtracting aggregate (national or global) counterparts. The difference stems
from our focus on residual risk. Estimating (2) has the advantage that the residuals
are on average uncorrelated. A final difference is that the growth literature generally
estimates cross section regressions. For long horizons we do the same, but for shorter
horizons we estimate panel regressions, using all non-overlapping intervals of a given
length.

The estimate for o2 is @'a/(IH — K), where 4 is the stacked vector of estimated
residuals, H is the number of observations per region and K is the number of variables
20.4

(I_ij) , where

0, is replaced by its estimate.?!’ 'We compute the variance reduction as the percentage

in the information set. The variance associated with this point estimate is

drop in the estimated variance when comparing income before and after risksharing.
Appendix A derives the precision (confidence interval) associated with the variance
reduction estimate.

We now briefly discuss the welfare metric of risksharing. Details can be found in
Appendices B and C. We assume that the expected growth rate of the representative
region is the same as the expected national growth rate. This has two advantages. First,
under this assumption the price of a claim on the representative region’s per capita
income is equal to the price of a claim on the per capita national income, so that under

perfect risksharing the representative region consumes national per capita income. This

20This is true in the limit for a large number of regions. For example, consider I regions of equal
size and equal variance o2 of the residuals. By construction lim;_ .o Zi# Ifllcorr(ui’t7t+s, WUjttts) =
) . I .. )
lzmjﬂooﬁcov(z#j Wit tss Wjt,4s) /02 Using > ;4 Ui g e4s = O this is equal to —limj oo = 0.
21This uses the fact that @//(0?) has a chi-square distribution with IH — K degrees of freedom.
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is shown in Appendix B. Second, the assumption has the additional advantage that
there are no gains from intertemporal consumption smoothing, so that we can focus
exclusively on risksharing in the R sense.

We adopt standard CRRA preferences

V= Ey Z e ﬂtc”iv (3)
-7
where Fj denotes the expectation at time zero and + is the constant rate of relative risk
aversion.

Let y? be the per capita income stream of the representative region before riskshar-
ing, and ¥~ the national per capita income stream. To compute potential gains from
complete risksharing, we need to evaluate expected utility before risksharing, when res-
idents of the representative region consume y”, to that after risksharing, when they
consume y”~.?? The potential gain from risksharing can then be computed as the perma-
nent percentage increase in expected income that yields a welfare improvement identical
to what can be achieved through risksharing. In Appendix D it is shown that this welfare

gain can be written as
—(re—fit)

0572— 2 (4)

Ts ﬂs) t

where r; is the t-period real interest rate on a risk-free bond, and ji; is the risk-adjusted
growth rate of the representative region (i = p; — 0.5y0?2). The gain is equal to the
rate of relative risk-aversion, divided by two, times a weighted average of the variance of
residual risk, at all horizons. This reflects the fact that residual risk can be completely
diversified. The weights depend on the difference between the risk-free interest rate and
risk-adjusted growth rate at various horizons.

Using our estimates for o2 at all horizons, we can compute the gain from risksharing
for the representative region. In order to determine the actual extent of risksharing by
financial markets and federal fiscal policy, we compute the welfare gain (4) based on
income before and after risksharing. We can then compute the percentage of potential

welfare gains that have already been achieved by financial markets and federal fiscal

policy.

22We implicitly assume an endowment economy, an assumption that is commonly made in the inter-
national risksharing literature. This ignores additional gains that are specific to production economies.
For example, Obstfeld (1994a) has pointed out that there may be a switch to high risk, high expected
return technologies when the risk is shared among countries. He shows that this raises the growth rate
of countries.
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4 Application to US Data

We now apply results from the previous section to US data from 1963 to 1990. We first
discuss measures of income before and after risksharing and the information set used to
determine the predictable component of growth. After that we quantify the diversifiable
risk. The next section discusses the extent of risksharing through the two channels.

Details on the data can be found in Appendix D.

4.1 Income Measures

The measure of income before risksharing is per capita gross state product (GSP),
the state equivalent of GDP. We call this income before risksharing because it doesn’t
include net asset income. However, even without asset trade there is risksharing through
migration across states. If a state suffers a negative shock and real wages decline,
individuals can move to states that pay higher real wages.2> This also reduces the risk
for those who do not move because labor migration reduces real wage differentials across
states. Here we do not attempt to quantify risksharing through migration. We focus on
the extent of risksharing through financial markets and federal fiscal policy.?*

The measure of income after risksharing is per capita pre-tax state income, obtained
from Asdrubali, Sorensen and Yosha (1996). Since this income measure is described
in detail in their paper, we will be relatively brief here. It is equal to total income by
state residents and state and local governments, before federal taxes and transfers. It
is interpreted as a measure of state income in the absence of intervention by the federal
government. Since spending by state and local governments benefits residents from the
state, their income is included in pre-tax state income. Because pre-tax state income
includes net asset income, we consider it a measure of income after risksharing through
financial markets.

23Barro and Sala-i-Martin (1991,1992b) provide evidence of a large and significant relationship be-
tween migration to US states and per capita personal income. Eichengreen (1993) regresses immigration
to states on the lagged growth rate of wages (minus the national growth rate) and also finds a large
and significant coefficient. Blanchard and Katz (1992) find that migration plays a very important role
in the US as a buffer against business cycle shocks.

24The results are particularly relevant for individuals for which possible income gains from moving
do not outweigh the cost of migration. This includes those on the margin, who are indifferent. The
cost of moving also includes non-monetary costs, such as moving away from family, friends, a familiar

environment, and desirable weather.
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There is one difference between a state equivalent of GNP and pre-tax state income.
GNP includes gross retained earnings, while pre-tax state income does not. About 80%
of gross retained earnings is used to replenish the depreciated capital stock (consumption
of fixed capital), while the rest is undistributed profits. Not including retained earnings
is not necessarily a problem. Retained earnings is an investment that contributes to
dividends in the future, which are captured in pre-tax state income. For consistency it
would be best to also subtract retained earnings from GSP, so that we only measure
the component of profits that is paid out to investors. The problem is that retained
earnings data are not available at the state level. In most of the paper we will therefore
use GSP as our measure of income before risksharing. In sensitivity analysis in section
5.4 we will construct an estimate of retained earnings at the state level and subtract it
from GSP.

The final income measure is per capita disposable state income, also from Asdrubali,
Sorensen and Yosha (1996). The difference between disposable state income and pre-
tax state income captures the role of the federal government. It adds federal direct
transfers to individuals in the state, plus federal grants to the government of the state,
and subtracts total federal taxes raised in the state. For all income measures we assume
a common price deflator across states. We do not need to compute this deflator since
it drops out in eqn. (2). We will use estimates of state price deflators in the sensitivity

analysis.

4.2 The Information Set

In order to select variables to be included in the information set, the empirical growth
literature provides a useful guideline. The problem however, as mentioned in Sala-i-
Martin (1994), is that in this enormous literature over 50 variables have been found to
be correlated with growth in at least one regression. This is not surprising since there is
significant multi-collinearity among the explanatory variables. Nonetheless this multi-
collinearity problem is less of a concern to us than it is to those that attempt to identify
which variables affect growth. We are after all only interested in the residual variance,
the part of growth that cannot be predicted.

In contrast to the long list of variables usually included in country growth regres-
sions, state level growth regressions, such as Barro and Sala-i-Martin (1991,1992a,b),
generally only include per capita income (and sometimes migration) on the right hand

side. Therefore the country growth literature is a more useful guide for the construction
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of our information set. Based on findings reported by Barro and Sala-i-Martin (1995),
we construct the following “base information set”:? (1) the log of initial per capita
GSP, (2) the five year lagged population growth rate, (3) the ratio of government ex-
penditure to GSP, (4) the ratio of investment to output in the manufacturing sector?®
(5) the fertility rate (births per thousand women), (6) average migration as a fraction of
population during the most recent 10-year period, (7) the one year lagged growth rate
of per capita GSP (change in logs), (8) total expenditure on education per student in
average daily attendance, and (9) total expenditure on education divided by the total
school age population.?” We omit some of the variables that Barro and Sala-i-Martin
(1995) use in their country growth regressions that are clearly not relevant for our sam-
ple: political instability, the black market premium, the tariff rate, and terms of trade
growth. We also omit life expectancy, which is an important variable in country growth
regressions, but not available at the state level. We include the migration rate in the
information set, which is generally not used in country regressions, but is likely to be
more important within countries. Barro and Sala-i-Martin (1991) find the migration
rate to be positive and significant in a cross section regression of US state growth rates
on per capita income and the migration rate.

In order to compare the risk associated with different income measures, for each
income measure we use the same information set to compute the variance of residual
risk. We will also consider subsets of the “base information set” and adding non-linear

transformations of the variables.

4.3 Measuring Risk

For the pre-risksharing income measure, GSP, the first row of Table 1 reports the stan-
dard deviation of residual risk for the representative state. Over a 26-year period, with
the base information set, the standard deviation is 12.8%. With an expected annual
growth rate of 1.8% (the average over our sample), and controlling for national growth
uncertainty, this implies a 95% confidence interval of 26-year growth of 33% to 85%. This

rather substantial uncertainty would be completely eliminated under complete riskshar-

25For income growth over the interval [t,¢ + s], the variables in the information set are measured at
time ¢.

26Total investment is not available at the state level.
2"Enrollment rates and education attainment are often used as education variables in country growth

regressions. Because of incomplete data, we use the alternative education variables in (8) and (9) at

the state level.
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ing. Even at a five year interval residual growth uncertainty is substantial. The standard
deviation is 8.1%. With an expected 1.8% annual growth rate, and controlling for na-
tional growth uncertainty, the 95% confidence interval for 5-year growth is -7% to +25%.
The standard errors associated with this risk measure are all quite small.

Another way of quantifying risk is to compute the welfare gain from diversifying
residual risk. In order to implement the formula (4) for the welfare gain from complete
risksharing, we need to make assumptions about the risk-free interest rate, the risk
adjusted growth rate and the coefficient of relative risk aversion. The rate of relative
risk-aversion is assumed to be three. This is the average of estimates in Friend and
Blume (1975). We consider it to be a good consensus estimate overall. Since from (4)
the welfare gain is proportional to v, the gain would be one third of what we report if one
believes in log-utility, and three times of what we report if one believes the coefficient of
relative risk-aversion is nine. The risk-aversion parameter does not affect our estimate
of the percentage of the total potential gains that has already been achieved by financial
markets and federal fiscal policy. It only affects the level of the potential gain itself.

The risk-adjusted growth rate is fi; = p; — 0.5y02. We find that the annualized risk
premium, 0.5y0?/t, is somewhere between 0.001 (0.1%) and 0.002 (0.2%). The average
annual growth rate from 1950 until 1990 in the US is 1.8%. We set the risk-adjusted
growth rate at a constant 1.6% annually: i, = 0.016t.

A measure of the risk-free rate r; is constructed as follows. Over the period 1889
to 1978 Mehra and Prescott (1985) find an average annual real interest rate of 0.8% on
relatively riskless three month US Treasury securities. In order to obtain an average term
structure, we use data from 1947 to 1985 from McCulloch (1990) on the zero-coupon
yield curve for Treasury bonds. r;/t is set equal to 0.008, plus the average difference
between the t year yield and the 3-month yield.

Based on this parameterization, the last three columns of Table 1 report the welfare
gain for the representative state from complete risksharing. With the base information
set the welfare gain is 1.6% at a 26-year horizon. The potential benefits from risksharing
are clearly large. They amount to $1200 per year per household in 1995 dollars.?® If
v = 35, which Mankiw and Zeldes (1991) find is necessary to account for the equity
premium, the welfare gain rises to a stunning 18.7%, or $14,000 per year per household.
Since it is hard to know what the correct rate of relative risk-aversion is, we believe the

confidence intervals for growth rates reported above are at least as informative.

28The $1,200 is 1.6% of GDP in 1995, divided by the number of households in 1995 (from the
Statistical Abstract of the United States).
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The next row of Table 1 reports the results for an empty information set, in which
case all deviations from national growth are considered to be unpredictable. This tells
us something about the predictive power of the information set. Although we have
found that there is subtantial uncertainty left, the base information set nonetheless has
significant predictive power, particularly at long horizons. At a 15-year horizon the
welfare gain is 49% higher under the empty information set when compared to the base
information set. For the 26-year horizon it is 42% higher.2 There is less predictive
power at short horizons. At a 5-year horizon the welfare gain is only 10% higher under
an empty information set.

The remaining rows of the table report the risk-measures for the “best” 1, 2, and
3 variables in the information set, defined as the variables with the most predictive
power as measured by the welfare gain at the 26-year horizon. The first best variable
is government spending as a fraction of GSP. The second best is the lagged one year
growth rate. The third best is migration as a fraction of the population. If we consider
the difference between the welfare gain based on the empty information set and the
base information set as a measure of predictive power, so that the base information set
accounts for 100% of the predictive power, 80% of that comes from the three “best”
variables. Adding more variables to the information set does not significantly improve
predictive power.

It may be surprising that initial per capita GSP does not appear as one of the
most important variables in the information set since initial income is almost always
the most important variable in country growth regressions. Barro and Sala-i-Martin
(1992) provide evidence of convergence among the states. While they find the conver-
gence parameter to be significant for almost all decades up to 1970 (their data starts in
1880), it is insignificant for the most recent intervals 1970-80 and 1980-88. One possible

explanation is that most convergence has already taken place by now.3°

29These numbers are not sensitive to the assumed rate of relative risk-aversion.
30Tn the same spirit, Easterly et. al. (1993) find that growth rate differences across US states and

across Furopean provinces have lower persistence than country growth differentials. This is attributed
to the higher degree of technological convergence at the intranational level. They find that persistence
of growth rate differences among US states has dropped significantly over time from the 1950s to the

1980s, going from large positive persistence to large negative persistence.
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5 What Have Financial Markets and Fiscal Feder-

alism Accomplished?

5.1 The Role of Financial Markets

Figures 1 to 3 provide information on the extent of risksharing through financial markets.
Figure 1 shows the percent variance reduction as a function of the length of the horizon,
together with a 95% confidence interval. At a 26-year horizon there is a 66% variance
reduction, with a 95% confidence interval of 50% to 82%. We can clearly reject either no
risksharing or complete risksharing. The point estimate indicates that about two thirds
of the risk is shared through financial markets. The variance reduction is not very sensi-
tive to the horizon. The average variance reduction over all horizons is 57%. This stands
in stark contrast to the limited extent of risksharing among countries. Athanasoulis and
van Wincoop (1997) find that at the national level, the standard deviation of residual
risk based on GDP is about the same as that based on consumption.3!

Figure 2 shows the percent standard deviation reduction, which is on average 35%.
One would expect this to be smaller than the variance reduction because % ~ 2%" for
marginal changes in risk. Which of the two is most relevant, the standard deviation
reduction or variance reduction, depends on the utility function. Under standard as-
sumptions about preferences, such as (3), it is the variance that matters, as is apparent
from (4). Epstein and Zin (1990) construct preferences with “first-order risk aversion”,
in which case the risk premium on a small gamble is proportional to the standard de-
viation rather than the variance of the payoff. While we are not going to resolve what
type of preferences are more relevant, the perceived extent of risksharing depends on
this in an important way. Based on the standard deviation, about two thirds of risk is
not shared. Based on the variance, about two thirds of risk is shared.

For standard CRRA preferences (3) the thick lines in Figure 3 show the welfare gain
from risksharing based on GSP and pre-tax state income, as a function of the horizon
T. The shaded area between the two lines shows how much of the potential gain from
risksharing has already been achieved by financial markets. At the 26-year horizon
60% of the potential welfare gain has been achieved through financial markets. Not
surprisingly, this number is similar to what we found for the variance reduction because

the welfare gain is proportional to a weighted average of the variance of residual risk

31They do not compute results for GNP, which would make it more comparable to this paper.
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at all horizons. Just as with the variance reduction, the percentage of potential welfare
gains achieved is not very sensitive to the horizon.

These numbers indicate that financial markets have already achieved a substantial
portion of potential gains from risksharing. This may seem surprising because these
markets trade claims on only a small component of wealth. There is no trade in claims
on human capital and non-corporate profits. On top of this, Coval and Moscovitz (1997)
and Huberman (1997) report evidence of an intranational home bias with regards to
tradable securities.?? But, as was mentioned earlier, it is possible that a limited extent
of diversification achieves most of the attainable welfare gains. Moreover, trade in claims
on human capital may not be important when most of the residual risk in GSP shows
up in profits rather than wages.

In order to shed some more light on this we compute total asset income of state
residents in the absence of risksharing as Il = GSP — W, which we simply refer to as
profits. Here W is total wages, broadly defined as the sum of employee compensation,

33 W therefore also in-

other labor income (mostly benefits) and proprietor’s income.
cludes income from non-corporate business. II is the sum of rental income, corporate
profits and interest paid by businesses. We compute actual before tax asset income
(after risksharing) as the difference between pre-tax state income and W, and refer to
this as dividends.

We then compute the unpredictable components of per capita growth rates of wages,
profits and dividends, all in deviation from national growth rates. The same base infor-
mation set is used. At a 26-year horizon the standard deviation of the per capita wage
growth rate is 8.3%, while the standard deviation of per capita profits growth is 22.2%.
Most of the risk shows up in profits. Since there are traded claims on profits, it may not
be surprising to see so much risksharing. However, the standard deviation of per capita
dividends growth is 17.6%. If everyone held the same portfolio their dividend income
would be perfectly correlated and we would find a standard deviation of zero for residual
dividend growth. Although dividends are less volatile than profits, a standard deviation

of 17.6% is still large. We find that to a large extent the achieved gain from risksharing

32Coval and Moskowitz (1997) find that the average distance between the location of US investment
managers and the US firms in which they invest is 1654 miles, while the average distance under full
diversification would be 1814 miles. The intranational portfolio bias is almost certainly larger for
individual investors. Huberman (1997) reports a home bias in households’ holdings of regional Bell

companies.
33The data are from the personal income CD-ROM from the Bureau of Economic Analysis. W is a

gross income measure, before personal contributions to social security or any other taxes are subtracted.
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is associated with a lower correlation after risksharing between asset income growth and
wage growth. At the 26-year horizon, the correlation between wage growth and profits
growth is 0.69, while the correlation between wage growth and dividend growth is only
0.01.

Using the profits data we can obtain one other interesting insight. We have reported
that 60% of potential welfare gains from risksharing have already been achieved through
financial markets. It is of interest to know how large that number would be if agents
held identical portfolios. We assume that agents receive wages (same as before) plus
per capita national profits. In that case the standard deviation of residual income
growth uncertainty drops to 4.8% at the 26-year horizon, down from 7.5% for pre-tax
state income. With this income measure we find that 81% of potential welfare gains at
the 26-year horizon would be achieved, versus the 60% that is already accomplished.?*
Although we find that financial markets have already achieved a lot, the fact that we
could do even a little better is consistent with findings by Huberman (1997) and Coval
and Moscovitz (1997) of a portfolio “home bias” within the United States.

5.2 The Role of Federal Fiscal Policy

Figures 4 and 5 describe the extent of risksharing though federal fiscal policy. Figure
4 shows the percent variance reduction from pre-tax state income to disposable state
income. It is on average about 27% and significant for almost all horizons. For horizons
from 3 to 13 years the extent of risksharing through federal fiscal policy is most extensive,
with a variance reduction of about 36%. Figure 5 shows that the standard deviation
reduction is again smaller, an average of 15% over all horizons.

There is a substantial literature that has described the role of federal fiscal policy
through regressions of fiscal variables (or disposable state income) on per capita GSP
or per capita state personal income.>® These regressions have been done both in lev-

els, reflecting the long term redistributive role of federal fiscal policy, and in changes,

34 A possible drawback of this experiment is that it ignores that some states are richer than others. We
have also considered an alternative, whereby per capita dividends received are still perfectly correlated
across states but the level of per capita dividends varies according to how rich a state is. The ratio of
one state’s per capita dividends to that of another is assumed to be constant over time and equal to
the average over the sample. This alternative experiment has little effect on the results though: 80%

of potential welfare gains at the 26-year horizon would be achieved through financial markets.
35See Asdrubali, Sorensen and Yosha (1996), Atkeson and Bayoumi (1993), Bayoumi and Masson

(1995), Melitz and Zumer (1997), Sala-i-Martin and Sachs (1992), and von Hagen (1992).
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capturing fiscal stabilization. From the point of view of risksharing, the stabilization
role of fiscal policy is of most interest. Estimates of the net federal transfer to a state
in response to a dollar income loss (relative to other states) range from 10 cents (von
Hagen (1992)) to 31 cents (Bayoumi and Masson (1995)). If we take the average of this,
20 cents?®, we would conclude that for every dollar drop in pre-tax state income, relative
to its national counterpart, disposable state income drops only 80 cents. Assuming that
this applies to both expected and unexpected changes in income, the standard deviation
of income growth is reduced by 20%. This is consistent with our results in Figure 5,
where the reported standard deviation reduction from pre-tax state income growth to
disposable state income growth is about 20% for horizons up to 13 years. For longer

horizons the standard deviation reduction is a bit smaller, about 10% on average.

5.3 Total Risksharing

Figure 6 shows the welfare gain from risksharing for all three income measures. The
dotted area and the area with the slanted lines represent the component of the potential
gain from risksharing achieved by financial markets and federal fiscal policy, respectively.
At the 26-year horizon 60% of potential welfare gains from risksharing have been achieved
through financial markets, and an additional 11% through federal fiscal policy, bringing
the total to a very large 71%. Figures 7 and 8 show the total variance and standard
deviation reduction when comparing GSP to disposable state income. The average

variance reduction is 75%, while the average standard deviation reduction is 45%.

5.4 Sensitivity Analysis

Table 2 reports results from sensitivity analysis, focusing on the conclusion that 71% of
potential welfare gains have already been achieved. The first four rows consider results
based on smaller information sets: the “empty” information set and information sets of
the one, two and three variables with most predictive power (discussed in section 4.3).
The results are not very sensitive to the the size of the information set. The estimate
of the percentage of welfare gains already achieved is only slightly lower for the empty

information set as for the entire information set of nine variables.3”

36This is what Obstfeld and Perri (1998) refer to as a rough consensus from the literature.
37 As reported in Table 1, the level of the potential gains is obviously higher for an empty information
set.
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We next consider adding to the base information set variables that are non-linear
functions of the existing variables. Although we have tried many such non-linear re-
lationships, we report only eight examples in Table 2. The message is clear. Adding
different functional forms has practically no effect on the results.

The next two rows respectively raise and lower the risk-free interest rate by one
percent annually. As can be seen from (4) this only affects the weights attached to income
growth uncertainty at different horizons. But since the estimated variance reduction
from risksharing does not depend a lot on the horizon, the percentage of welfare gains
achieved depends very little on the assumed interest rate.

The next row shows the results when we deflate the state income measures by state
price deflators. We use state CPI deflators constructed by Del Negro (1997) from cost of
living indices for metropolitan areas, other urban areas, and rural areas.?® Using these
state price deflators has little affect on the results. The percentage of welfare gains
achieved remains at 71% at the 26-year horizon.

Finally, we consider a different measure of income before risksharing, GSP minus our
estimate of retained earnings. As discussed above, it is appropriate to subtract retained
earnings from GSP, but data are not available at the state level. Gross retained earn-
ings is equal to the sum of depreciation (consumption of fixed capital) and undistributed
profits. We construct separate estimates of both. National data for depreciation are dis-
tributed to the states based on their share in the national capital stock.?® This implicitly
assumes that all states have the same rate of depreciation. Undistributed profits is a
smaller part of gross retained earnings (about 20%), but more difficult to estimate at
the state level. We use state profits data to distribute national undistributed profits to
the states.?® The results from this experiment are shown in the last row of Table 2. The

estimated percentage of welfare gains achieved rises a bit at the 26-year horizon, to 76%.

38We would like to thank Marco Del Negro for making these data available to us. Because this data

set starts in 1970, we use national CPI inflation rates for the period 1963-1969 of our sample.
39Gtate capital stock data are from the data set constructed by Munnell (1990) and updated by Jeff

Fuhrer at the Federal Reserve Bank of Boston. The data set starts in 1970. For earlier years in the

sample we assume that a state’s share in the national capital stock is the same as that in 1970.
40To be precise, for the first year of the sample, 1963, national undistributed profits are allocated to

the states based on the relative size of their profits. We then estimate changes over time in undistributed
state profits. We regress the change in undistributed national profits, divided by last year’s national
profits, on the percentage change in national profits. The result from this regression is used at the
state level to compute changes in undistributed state profits from changes in total state profits. The
change in national undistributed profits that is not explained by the regression is distributed to the
states based on the level of their profits (as opposed to changes in profits).
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Because depreciation is very smooth, the net state product (subtracting depreciation)
is more volatile than GSP, so that the potential gain from risksharing is a bit larger
and therefore also the estimated percentage of gains achieved. The exact opposite is
the case when subtracting undistributed profits. Although we do not observe state cor-
porate profits and dividends, the latter will be less volatile. Substracting undistributed
profits from GSP should therefore reduce its volatility. If we had a better estimate of
undistributed state profits our estimate of the percentage of welfare gains received would

therefore probably be closer to the original 71%.

6 Conclusion

Using an approach that does not rely on a particular model or income process, we have
documented aggregate income growth uncertainty at the state level, and the extent to
which this uncertainty is reduced by risksharing through financial markets and federal
fiscal policy. We estimate that 71% of potential welfare gains from risksharing have
already been achieved; 60% through financial markets and 11% through federal fiscal
policy. However, we would like to caution against drawing too strong conclusions about
the extent of risksharing within the United States. The welfare metric we used is based
on standard CRRA expected utility preferences, whereby gains from risksharing are
proportional to the variance rather than the standard deviation of diversifiable income
growth uncertainty. Conclusions change substantially if we express risk in terms of the
standard deviation of growth uncertainty. In that case we found that on average 55%
of residual growth uncertainty has not been diversified away. Financial markets reduce

the standard deviation of residual income growth uncertainty by only 35%.
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Appendix A: Precision of Risksharing Measure
Let 6% and 6% be the estimated variance of residual risk before and after risksharing. In
this Appendix we discuss how we compute the precision associated with the risk reduc-

tion measure 1 — (6%/6%). We first linearize the expression as a;6% + 0%, where we

treat ay = —1/6% and oy = 6% /6% as constants, substituting the point estimates. We

then compute var(a;16% + a20%)= aivar(63) + agvar(63) + 2aqazc00(6%,6%). As dis-
0'4 . . A . .

cussed in the text, var(6%) = (HziifK), and similarly for var(6%). To obtain an estimate

of the covariance between 6% and 6%, we multiply the product of the estimated standard
deviations of 6% and 6% by the correlation between v and vy, the vectors containing
the squared estimated residuals. Once we have computed the variance associated with
the risk reduction estimate, we approximate the 95% confidence interval as two standard

errors below and above the point estimate.

Appendix B
Let rep denote the representative region. We will prove that the price of a claim on
rep’s per capita income stream relative to the price of a claim on the national per
capita income stream is 1 when (i) Eo Yreps = Eo 4", (1) cov(€repoy, €0y) = var(e)
for t = 1,..,T (rep’s B of growth rates is one). To do this, all we need to show is that
for any horizon t the relative price of a claim on rep’s per capita income stream is one.
There are n;; (population) claims on region i’s per capita income in period ¢, each with
a payoff of y;; and a price of p;. Consider an investor in any region, who at time 0 invests
a total of Y; in period t claims (37, Y; is the investor’s period 0 revenue from selling
all claims on her own income). The investor maximizes Ey (Zle qiyit)1_7 /(1 —=7), s.t.
I qip; = Y;. Here ¢; is the quantity of claims on state i income purchased. The first

order conditions with respect to the g;’s are:

I -
Ey (Z%%t) yir=vp; j=1,..,1
i=1

The price of a claim on the per capita national income is 37, % Using the first order

conditions, and the fact that in equilibrium TL = "¢, the relative price of a claim
j=19

on rep’s per capita income is:

DPrep _ Ey (yiv)_’yy"‘ep,t

Zf:l PNt/ Ey <yg\7)177

Yrept = (Eo yrep,t)6*0'5”‘“"(”8%0¢)“”p’o’t, where €.¢,0; has by assumption a normal dis-

tribution. We make the commonly made approximation in the risksharing literature
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(Lewis (1996), van Wincoop (1994)) that the distribution of In 3" is the same as that
of N, 6;.0.4In yir, which is normal with standard deviation o%;,. With that approxima-
tion y¥ = (Eo yN )670'5012\’+€é\{t. Substituting these expressions for y¥ and Yy, into the
formula for the relative price, it follows immediately from assumptions (i) and (ii) that

the relative price is one.

Appendix C: Welfare Gains

In this appendix we compute the gains from risksharing for the representative region.
SInce €reptirs = Ureptits + eﬁf tor With Upep s and ei\ft +, normally distributed and
independent, we can write Ypep: = (Eoymp,t)e““”*t*”sﬁé\fws_o'“”"tz _0'5‘712Vt, where 0%, =

var(eiv,t ). Since we assume that Eoy,ep,: = Eoy;', expected utility before risksharing is

T N\1—
S e B i) T oma-meie, (5)
t=1 1—7

After risksharing consumption is equal to . We make the same commonly made
approximation as in Appendix B that the distribution of in ¥ is the same as that of

SN 0i04n yi, which is normal with standard deviation o%;,. Expected utility after

risksharing then becomes

T Ny1-—
Ze—b’t (EO Y ) 76_0'57(1_7)012\“ (6)
t=1 L=y

From (5) and (6) the permanent percentage increase in consumption that leads to

a welfare gain equivalent to what can be achieved through risksharing is equal to

T , 1/(1—)
gain = |> e =057 (1= -1 (7)

t=1
The weights (2, are defined as
6_Bt (grep,t>1_7

0, =
' Z:l ePs (371‘612,3)17'y

(8)

where §repr = (Eo ) )670'570381’1t is the certainty equivalent of rep’s income at time t.

2 _ _ 2, 2
Here oy, = var(€ept) = 07 + 03y

The weights €2; can be simplified by introducing the following notation. Let py

N
be the expected growth rate of national per capita income over [0,t]: et = %— The
0
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2

certainty equivalent of rep’s growth rate is ji, = p; —0.5v07,, ;.

From the Euler equation,
the t period real interest rate on a risk-free bond is r; = Gt + ;. With this notation,
e—(re—iit)

=S )

So the appropriate discount factor is the difference between the risk-free real interest
rate and the risk adjusted growth rate.

While we use (7) to compute the welfare gain for the representative region, the
somewhat more intuitive expression in the text, which numerically is very close to (7),
can be obtained using the approximations e ~ 1+ z and (1 4 z)* ~ 1 + ax for z close
to zero. This results in (4).

Appendix D: The Data

We use annual data from 1963 to 1990. Below we list the data, the source for the data

and any observations which are missing.

Measures of Income
These are all obtained from Asdrubali, Sorensen and Yosha (1996).

e (Gross State Product: value added of the industries of a state.

e Pre-tax State Income: total income by state residents and state and local govern-
ments, before federal taxes and transfers. It is also equal to gross state product,
minus gross retained earnings (including capital consumption), plus net factor

income.

e Disposable State Income: pre-tax state income, plus federal direct transfers to
individuals in the state, plus federal grants to the government of the state, minus
total federal taxes raised in the state.

Data to Construct the Information Set

For some of the variables in the information set there are missing observations. Since
these series are quite smooth, we interpolate the two closest data points. We indicate
these missing observations below.
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Capital Expenditures: from the Annual Survey of Manufactures. Missing obser-
vations for all states: 1979-81. Observations missing for particular states: 1970

Minnesota, 1971 Minnesota.

Education Expenditure per student in Average Daily Attendance: from Statistical
Abstract of the United States, US Department of Commerce, Bureau of the Census.
Missing observations for all states: 65, 67, 69, 71, 72, 82, 83, 94. Observations
missing for particular states: 1975 Georgia, 1975 Maine, 1975 Massachussettes,
1975 New Jersey, 1976 Massachussettes, 1978 Wisconsin, 1979 Alaska, 1979 Cal-
ifornia, 1979 Florida, 1979 Georgia, 1979 Illinois, 1979 Wisconsin, 1980 Arizona,
1980 Florida.

State Government Expenditures: from State Government Finances 1947-1990.
Fertility (births per 1,000 women): from Statistical Abstract of the United States.

Net migration: from Current Population Reports. We have observations for net
migration over the periods 1960-1970, 1970-1979, 1980-1988. We divide the net mi-
gration by total population over the period to obtain the percentage net migration.
Missing observation: 1970-1979 Nebraska.

School Age Population-children attending school between the ages of 5 and 17:
from Statistical Abstract of the United States. Missing observations for all states:
1963, 64, 69. To get 63,64 interpolated 60 to 65.

Total Expenditure on Education: from Statistical Abstract of the United States.
Missing observations for all states: 1965, 67, 69, 71-72, 76, 82-83.

Population: from Regional Data, Haver Analytics. We use observations for 1957-
1990.

Value Added by Manufactures: from the Annual Survey of Manufactures. Missing
observations for all states: 1979-81. Observations missing for particular states:
1970 Minnesota, 1971 Minnesota.
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# variables Standard Deviation Welfare Gain

info. set Residual Risk (o) Horizon T’
s=5 s=15 s=26|T=5 T=15 T =26

9 ("base info. set”) | 8.1 9.8 12.8 0.68 1.36 1.60
(04) (1.1) (1.4)

0 8.4 14.0 15.2 0.75 2.03 2.28
(0.4) (1.4) (1.5)

1 8.3 13.3 14.1 0.74 1.82 2.04
(0.4) (1.3) (1.4)

2 8.3 12.7 13.6 0.71 1.64 1.85
(0.4) (1.3 (1.4)

3 8.2 11.0 13.7 0.70 1.54 1.74
(0.4) (1L.1) (1.4)

Table 1: Measures of Diversifiable Risk

Notes : The table reports the standard deviation of residual risk for the representative state
over a period [t,t + s, for s = 5,15,26. Standard errors are in brackets. Another reported
measure of risk for the representative state is the welfare gain from risksharing, which is
equal to the gain from completely eliminating residual growth uncertainty for all years up
to an horizon T, with results reported for T = 5,15,26. The welfare gain represents the
potential gain from risksharing for the representative state, measured as the permanent
percentage increase in income that yields an equivalent welfare improvement. The table
reports results for the “base information set” of 9 variables, for an empty information set
(unpredictable deviations from national growth), and for information sets consisting of the
1, 2, and 3 variables leading to the lowest welfare gain for T' = 26. These variables are, in
order of importance, the ratio of government spending to GSP, the lagged one year growth

rate, and the immigration rate.
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Percent Welfare Gain Achieved
T=5 T=15 T =26

number of variables in info. set:

0 68.0 70.7 68.3
1 67.5 68.2 65.0
2 68.4 68.9 65.3
3 68.5 67.4 63.8
9 (“base info. set”) 69.2 71.8 71.2
"base info. set” plus

(log GSP)? 68.7 72.0 72.0
log(G]Y) 70.0 72.1 71.5
(G/Y)? 68.7 71.5 71.1
(migration)? 69.1 71.4 71.2
(lag growth)? 68.2 71.3 70.8
(lag growth) x (G]Y) 68.7 71.9 71.1
(laggrowth) = (migration) 69.1 71.4 71.2
(migration) x (G/Y) 69.1 71.2 70.3
Ary=.01t 69.1 71.6 71.3
Ar,=-.01t 69.6 1.7 71.3
Deflate by state CPI’s 65.1 72.0 70.8
adjustment for retained earnings | 76.4 75.5 75.6

Table 2: Sensitivity Analysis

Notes : The table reports the percentage of the total potential welfare gain from risksharing
that is achieved through financial markets and federal fiscal policy for horizons of five,
fifteen and twenty-six years. The first four rows consider smaller information sets: the
“empty” information set and information sets of the one, two and three variables with most
predictive power (discussed in section 4.3). The next set of rows add non-linear functions of
the variables in the base information set. The following two rows show results from raising
and lowering the risk-free interest rate by one percent annually. The next row reports results
when the income measures are deflated by state CPI deflators. The final row is based on a
different measure of income before risksharing: GSP minus our estimate of retained earnings

(see text).
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Figure 2 Percent Standard Deviation Reduction
Gross State Product to Pre-tax State Income *

1 6 11 16 21 26
Horizon (years)

* The outer lines represent a 95% confidence interval. Pre-tax state income is total
income by state residents and state and local governments, before federal taxes and
transfers.
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* The welfare gain represents the potential gain from risksharing for a representative
state, measured as the permanent percentage increase in income that yields an
equivalent welfare improvement. The shaded area represents the component of the

potential gain from risksharing with respect to GSP that is achieved through financial
markets.



100

S D (o]
o o o

Variance Reduction (%)
N
o

[ —
o
(]

Standard Deviation Reduction(%o)
N iy (e} [0}
o o (@) o o

R
(=]

Figure 4 Percent Variance Reduction
Pre-tax State Income to Disposable State Income *

1 6 11 16 21 26
Horizon (years)

Figure 5 Percent Standard Deviation Reduction
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* The outer lines represent a 95% confidence interval. Pre-tax state income is total
income by state residents and state and local governments, before federal taxes and
transfers. Disposable state income is total income by state residents and state and local
aovernments. after federal taxes and transfers.
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state, measured as the permanent percentage increase in income that yields an
equivalent welfare improvement. The dotted area and the area with slanted lines
represent the component of the potential gain from risksharing achieved by financial
markets and federal fiscal policy, respectively.
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