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Abstract
Government debt and redistributive taxation can help people to smooth consumption
when facing uninsurable individual speciﬁc risk. I examine the eﬀects that variations in
public debt and transfers have on risk sharing, eﬃciency, and the distribution of
resources. I ﬁnd that risk sharing can be improved signiﬁcantly by both debt and
transfers, but that debt has adverse eﬀects on equity. When used in isolation, debt will
enhance welfare if transfers are lower than optimal. However, the beneﬁcial eﬀects of
public debt vanish if transfers are used optimally. r 2001 Elsevier Science B.V. All
rights reserved.
JEL classiﬁcation: E2; E6; H2; H6
Keywords: Redistributive taxation; Public debt; Idiosyncratic risk; Social insurance; Welfare
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1. Introduction
Previous work has shown that public debt and transfers can play an
important role in improving risk sharing when individuals face uninsurable
$
I am especially grateful to Stephen Williamson (the editor) and an anonymous referee for
helpful suggestions. I also thank David Domeij, Torsten Persson, and various seminar participants
for comments on a previous version of the paper. Financial support from the Jan Wallander and
Tom Hedelius Foundation and Carl Mannerfelt’s Fund is gratefully acknowledged.

*Tel.: 46-8-7369263; fax: 46-8-313207.
E-mail address: martin.ﬂoden@hhs.se (M. Flod!en).
0304-3932/01/$ - see front matter r 2001 Elsevier Science B.V. All rights reserved.
PII: S 0 3 0 4 - 3 9 3 2 ( 0 1 ) 0 0 0 6 4 - 2

82

M. Flode!n / Journal of Monetary Economics 48 (2001) 81–108

risks (e.g., Woodford, 1990; Varian, 1980). Aiyagari and McGrattan (1998)
conclude however that the welfare gains or losses of variations in debt are
small. This is due in large part to their choice of the utilitarian welfare criterion
in combination with the speciﬁc level of transfers assumed. In this paper, I
show that behind the small utilitarian welfare eﬀects, there are substantial gains
and losses due to level eﬀects, changes in uncertainty, and changes in
inequality. Further, a well designed transfer system can eliminate the positive
role of debt if objectives are utilitarian, but debt may provide insurance more
eﬃciently if less weight is put on equity in the welfare function.
I consider a model economy with incomplete markets and a large number of
agents, who diﬀer in ability and are hit by idiosyncratic wage shocks. Since
private insurance markets do not exist, agents self-insure by building up buﬀer
stocks of private savings when wages are high. In this environment, a public
transfer system can reduce individual income risk by shifting resources from
households with temporarily high income to households with lower income.
The transfer system thereby also changes the distribution of resources between
households and typically reduces inequality. However, taxes needed to ﬁnance
the transfers distort labor supply and savings.
Public debt can improve risk sharing by increasing liquidity in the economy.
One way of understanding this eﬀect is to think of an increase in public debt as
a relaxed borrowing constraint. Another way is as follows: When debt
increases, physical capital is crowded out and the equilibrium interest rate
increases. The cost of postponing consumption to build up buﬀer stocks is then
reduced, and agents will choose to hold more assets in equilibrium. Debt,
contrary to transfers, mostly beneﬁts wealthy households. They gain from the
higher return on capital while all agents suﬀer from the reduction in output
caused by higher taxes and crowding out of physical capital (see Ball and
Mankiw, 1995, for a discussion).
Although transfers and debt reduce output because of distorting taxes and
crowding out of physical capital, the utility of a representative agent is not
necessarily reduced. Since markets are incomplete, the economy may be
ineﬃcient in the sense that there is overaccumulation of capital and labor
supply is ineﬃciently allocated between agents.1 Enhanced risk sharing can
therefore improve the allocation of consumption and leisure over time. I ﬁnd
that in the absence of a social insurance system, introducing lump-sum
transfers would increase the utility of the representative agent whose
consumption and working hours are the economy averages. Transfers can
consequently enhance welfare even if eﬀects on risk sharing and equality are
ignored. The same holds for debtFeven if transfers and debt are at the
bench-mark levels (8.2 percent and 67 percent of GDP, respectively), an
1

Aiyagari (1995) demonstrates that because of this overaccumulation of capital, the optimal tax
rate on capital income is positive.
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increase in debt will raise the representative–agent utility (albeit only
marginally).
Aiyagari and McGrattan (1998) found that a positive public debt can be
optimal, but that the welfare eﬀects of debt are negligible in a model calibrated
to match the US economy. I show here, within a similar framework, that the
optimality of positive debt depends on transfers being lower than optimal. By
explicitly decomposing the sources of welfare changes, I also demonstrate that
there are substantial welfare gains from improved risk sharing and welfare
losses from increased inequality behind the small utilitarian welfare eﬀects.2
The gains and losses almost cancel with Aiyagari and McGrattan’s set-up,
hence the small eﬀects in the utilitarian welfare function. With a less (more)
generous transfer system, however, increased debt can enhance (reduce)
utilitarian welfare signiﬁcantly.
B!enabou (2001) suggests evaluating policy with a measure of what he calls
pure economic eﬃciency. This welfare measure ignores distributional eﬀects but
incorporates eﬀects on risk sharing and levels of consumption and leisure. If
policy is evaluated by this criterion, the optimal level of transfers is lower than
in the utilitarian case, and debt should be as high as possible. It may therefore
be justiﬁed to conclude that, compared to transfers, debt provides more risk
sharing relative to the distortions it imposes on the economy.
The plan of the paper is as follows. The model is presented in the next section. In Section 3, I deﬁne the welfare measures and describe how utilitarian
welfare eﬀects are decomposed into level eﬀects, insurance eﬀects, and redistribution eﬀects. The results are presented in Section 4. Section 5 concludes.
2. The model
2.1. Production and factor prices
There is a continuum of ﬁrms which have Cobb–Douglas production
functions and behave competitively in product and factor markets. Let K
denote the aggregate capital stock, H the aggregate labor supply in eﬃciency
units, and X the productivity of labor. There is no aggregate uncertainty in the
economy. Aggregate production is then given by
Y ¼ FðX; K; HÞ ¼ K y ðXHÞ1y :
Factor market clearance requires that the interest rate is
r ¼ FK ðX; K; HÞ  d;
where d denotes the depreciation rate of capital, and that the wage rate is
w ¼ FH ðX; K; HÞ:
2

The method I propose for decomposing welfare eﬀects builds on B!enabou (2001).
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Labor productivity grows at the exogenous rate g and initial productivity is
normalized to unity, hence productivity at time t is Xt ¼ ð1 þ gÞt : Only
balanced growth paths where aggregate output, capital and consumption grow
at rate g while aggregate labor supply is constant will be considered. The
interest rate will therefore be constant in equilibrium. It will often be
convenient to look at detrended variables. Deﬁne therefore
w*  w=Y;
which also is constant in equilibrium.
2.2. The government
The government issues public debt and taxes labor and capital income. Tax
revenues are spent on public consumption, transfers to households, and
interest payments on the debt. The government budget constraint is
G þ B þ rD ¼ D0  D þ T;
where G is government consumption, B are transfers to agents, D is the
government debt, and T is tax revenue. Primes denote next-period values.
Government consumption is exogenous and a constant fraction of GDP,
G% ¼ G=Y:
Tax revenues are levied by taxing capital and labor at the ﬂat rates tk and th ;
respectively. After-tax factor prices are deﬁned as r% ¼ ð1  tk Þr; and
w% ¼ ð1  th Þw* :
The government chooses debt and transfers to maximize some social welfare
function in the stationary balanced growth equilibrium. Thus, welfare eﬀects
accrued during the transition from the current economy to the new equilibrium
are ignored.
2.3. Households
The model is populated by a continuum of inﬁnitely lived agents of unit
mass. Agents receive income by renting capital to ﬁrms and by supplying labor.
They are born with permanently diﬀerent abilities, and are in each period
subject to idiosyncratic productivity shocks. Agents are borrowing constrained
(that is, net ﬁnancial wealth cannot be negative) and do not have access to
private insurance markets.3 To smooth consumption over time, and to
3

These market imperfections are imposed exogenously. A growing literature (see Atkeson and
Lucas, 1995; Krueger and Perri, 1998, for recent contributions) studies the feasibility of private
insurance markets under asymmetric information. The paper by Cole and Kocherlakota (1998)
supports the view that a limited number of ﬁnancial assets (e.g. one risk-free bond) may provide the
best feasible insurance. For evidence on borrowing constraints and imperfect insurance, see Zeldes
(1989), Jappelli (1990), and Attanasio and Davis (1996).
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self-insure against future income risk, agents therefore accumulate buﬀer
stocks of the safe asset in good times.
Let st denote an agent’s productivity state at time t: The productivity
process is a ﬁnite state Markov chain, sAS with transition probabilities
Gðs; s0 Þ denoting the probability of transition from productivity state s
today to s0 tomorrow. Moreover, let qðsÞ  q be the productivity associated
with state s:
Each agent is endowed with one unit of time, which is divided between labor,
h; and leisure, l: Income can be consumed or saved in a safe asset. Let b denote
a transfer from the government, a the agent’s asset holdings at the end of the
previous period, and c consumption. Deﬁne then b* ¼ b=Y; a* ¼ a=Y; and
c* ¼ c=Y: Thus an agent’s budget constraint is
ð1 þ gÞa*0 ¼ b* þ w% qh þ ð1 þ r%Þa*  c*:
ð1Þ
Agents are also subject to a no-borrowing constraint,
a*X0:

ð2Þ

Asset holdings, a*; are restricted to belong to A ¼ ½0; a% where a% is chosen high
enough never to be a binding condition.
The instantaneous utility function is
uðc; hÞ ¼

c1m exp½ð1  mÞzh1þg
;
1m

where z is a constant, m is the risk aversion for consumption ﬂuctuations, and
1=g is the labor-supply elasticity. This utility function is consistent with
aggregate hours worked being constant in a growing economy (see King et al.,
1988). We can rewrite the utility as
uðX; c; hÞ ¼ ðXY0 Þ1m uðc*; hÞ:
Agents maximize their expected life-time utility,
N
X
bt uðct ; ht Þ;
U0 ¼ E 0
t¼0

where b is the time discount factor. The detrended formulation of the objective
is
N
X
bt ð1 þ gÞtð1mÞ uðc*t ; ht Þ:
U0 ¼ Y01m E0
t¼0

The normalizations allow us to formalize a time-independent problem. The
Bellman equation is
X
Y01m uðc*; hÞ þ bð1 þ gÞ1m
½vða*0 ; s0 ÞGðs; s0 Þ
ð3Þ
vða*; sÞ ¼ max
0
fa* ;hg

subject to (1), (2), and 0php1:

S
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2.4. Equilibrium
A stationary equilibrium consists of constant tax rates tk and th ; a constant
government debt, D%  D=Y; a transfer system, b* ¼ bðw% qh þ r%a*; a*Þ; a constant
interest rate r% and wage rate w% ; time invariant decision rules for agents’ asset
holdings, a*0 ¼ aða*; sÞ; and hours worked, h ¼ hða*; sÞ; a measure of agents over
%
the state
R for transfers to households, B 
R space, lða*; sÞ; aggregate values
*
%
A ¼ aða*; sÞ dl; and for the number of
B=Y ¼ b dl; for asset holdings,
R
eﬃciency hours worked, H ¼ qhða*; sÞ dl; such that the following equilibrium
conditions are fulﬁlled: (i) decision rules solve agents’ maximization problem,
given by (3); (ii) tax revenues equal government expenses,
Z
th w* qhða*; sÞ þ tk raða*; sÞ dl ¼ B% þ ðr  gÞD% þ G% ;
A S

(iii) factor markets clear; (iv) aggregate savings are equal to ﬁrms’ demand
for capital plus government debt,
A% ¼ K% þ D% ;
where K%  K=Y; and (v) the measure of agents over the state space is
invariant, i.e.
Z
lða; sÞ ¼
Pða; s; a; sÞ dl;
A S

for all a sDA S: The transition function P is the probability that an agent
with state ða; sÞ will have a state belonging to a s next period,
X
Pða*; s; a; sÞ ¼
I½aða*; sÞAa Gðs; s0 Þ;
s0 As

where I is an indicator function.
2.5. Computation of equilibrium
To ﬁnd the agents’ decision rules for saving and labor supply, I discretize the
state space and solve for the corresponding value function and decision rules.4
To solve for the equilibrium, I use an algorithm inspired by Huggett (1993) and
Aiyagari (1994). In the benchmark speciﬁcation of the model, transfers are
lump sum and there is a uniform tax rate on all factor incomes, t ¼ tk ¼ th :
The algorithm then consists of the following steps: Fix the transfer and the
debt, and guess an interest rate, r; and the average eﬃciency hours of labor
4
The state space is approximated by a grid consisting of 3700 values for asset holdings, one high
and one low value for the permanent shock, and seven values for the temporary wage level. The
Markov chain for wages is approximated with the algorithm by Tauchen (1986). I use a spread of
73se =ð1  r2 Þ1=2 for the wage grid. The step size in the grid for asset holdings is increasing in
wealth.
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supply, H# : Then solve for the wage per eﬃciency unit of labor as a function of r
and H# ; and calculate the tax rate implied by government budget balance, by
setting
t¼

B% þ ðr  gÞD% þ G%
:
w* H# þ rðK% þ D% Þ

The agents’ decision rules are then solved for, and from these rules, the
measure of agents over the state space is computed. Once we have found the
measure l; aggregates such as savings and labor supply are straightforward to
calculate. If the implied aggregate saving does not equal demand for capital, or
if the implied labor supply is diﬀerent from the guess, then update the guesses
and start over. If both equalities hold, the equilibrium of the economy with
transfer B% and debt D% has been found.
In some alternative speciﬁcations, transfers are means tested. This complicates the algorithm somewhat because the total amount of transfers paid
depends not only on the aggregate quantities but also on the distribution of
resources across agents. I proceed as follows: ﬁrst, ﬁx B% and D% : Then make a
guess for the free parameter in the transfer system.5 Next, solve for the equilibrium prices and quantities as above and calculate the implied transfers. If
transfers do not sum to B% ; adjust the levels in the transfer system and reiterate.
2.6. Parameterization
With two exceptions, Aiyagari and McGrattan’s (1998) parameter values are
used. One model period thus corresponds to one year, and I set risk aversion to
1.5, government consumption to 21.7 percent of GDP, the capital share of
income to 0.30, the depreciation rate of capital to 0.075, and the growth rate of
GDP to 1.85 percent. The discount factor b is set to 0.9884 to get an interest
rate close to 4.5 percent as in U.S. data. With the benchmark policy,
government debt is 67 percent of output while transfers are lump sum and 8.2
percent of output.
The two deviations from Aiyagari and McGrattan’s parameter choices
regard the utility function and the productivity process. Estimations of the
wage elasticity of labor supply vary widely between studies. However, most
estimates of the elasticity are less than 0.5 for men and the estimated elasticity
for women is typically higher than for men (see for example MaCurdy, 1981;
Altonji, 1986). I set the elasticity to 0.5, which is considerably lower than the
value used by Aiyagari and McGrattan. The fraction of available time an agent
devotes to labor is determined by z; which is set so that average labor supply is
approximately 0.3 in the benchmark economy.
5

The means tested transfer systems are described in Section 4.4 below. The free parameter will be
the minimum consumption level guaranteed by the insurance program.
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The productivity process is calibrated as follows. Wages consist of two components, one permanent ability level, c; and one temporary component, zt :
More speciﬁcally, an agent’s labor productivity as a fraction of average productivity at time t is qt ¼ ecþzt : Across individuals, c is iid with mean zero and
variance s2c : Productivity evolves stochastically over time according to the
process
zt ¼ rzt1 þ et ;
where r determines the degree of persistence of shocks, and e is iid normally
distributed with mean zero and variance s2e :
Aiyagari and McGrattan set r ¼ 0:60 and se ¼ 0:24: Recent evidence, for
example Card (1991), Hubbard et al. (1994), Storesletten et al. (1997), and
Flod!en and Lind!e (2001), suggest that wage and income processes are more
persistent. The values r ¼ 0:90 and se ¼ 0:21 are in line with estimates in these
papers, and this wage process is used as the benchmark here. Both Card’s and
Flod!en and Lind!e’s estimates of the standard deviation of permanent wage
diﬀerences, sc ; suggest that it is approximately 0:34:
The parameter values for the benchmark calibration of the model are
then m ¼ 1:5; g ¼ 2; z ¼ 9:1449; b ¼ 0:9884; g ¼ 0:0185; y ¼ 0:3; d ¼ 0:075;
G% ¼ 0:217; r ¼ 0:90; se ¼ 0:21; and sc ¼ 0:34:

3. Measuring and separating welfare eﬀects
A change in policy will aﬀect the levels of consumption and leisure, the
distribution of income, wealth and spending, and the amount of uncertainty
agents face. This section describes how to measure welfare eﬀects in this
context, and in particular how to isolate each of these eﬀects. The welfare
decomposition I propose here is not speciﬁc to the particular model I use but
should be applicable to most dynamic models with heterogeneous agents and
uncertainty.
It will be useful to ﬁrst introduce some notation. Let fcs ; ls gN
s¼t denote a
(possibly uncertain) stream of consumption and leisure from time t and on.
Consider then the following deﬁnitions.6
Deﬁnition 1. Life-time utility, V; is
N
X
Vðfcs ; ls gN
bst uðcs ; 1  ls Þ:
s¼t Þ ¼
s¼t

6
To simplify notation, I ignore the fact that some aggregates grow (at rate g) over time. The
strictly correct notation would date aggregates and certainty equivalents at time t: As long as all
aggregates refer to the same t; there is no practical problem.
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Deﬁnition 2. A certainty-equivalent consumption-leisure bundle, fc%; l%g; fulﬁlls7
Vðfc%; l%gN Þ ¼ Et Vðfcs ; ls gN Þ:
s¼t

s¼t

R
R Let C and L be average consumption and leisure, C  c dl; and L 
%
%
ð1  hÞ dl; and let
R C and L denote
R average certainty-equivalent consumption
%
and leisure, C  c% dl; and L%  l% dl:
A frequently used social welfare function is the utilitarian, which is the
average utility in the economy.
Deﬁnition 3. The utilitarian social welfare, U; is
Z
U ¼ Et Vðfcs ; ls gN
s¼t Þ dl:
Utilitarian welfare increases if consumption or leisure increases, if inequality
is reduced (since the utility function is concave), or if uncertainty is reduced
(since agents are risk averse).
We are interested in evaluating welfare diﬀerences between two economies.
Call these economies A and B; and let A be the benchmark economy.8 The
utilitarian welfare gain of changing from economy A to economy B is deﬁned
as the equivalent variation premium.
Deﬁnition 4. The utilitarian welfare gain of policy change, oU ; is deﬁned by
Z
Z
A
B
A N
Et Vðfð1 þ oU ÞcA
;
l
g
Þ
dl
¼
Et VðfcBs ; lsB gN
s¼t Þ dl :
s s s¼t
The premium oU can be thought of as the percent of life-time consumption
agents in economy A are prepared to give up to get the policy change. It can be
shown that
 B 1=ð1mÞ
U
oU ¼
1:
UA
As already mentioned, we also want to isolate the diﬀerent welfare eﬀects. The
approach I propose here is inspired by B!enabou (2001). The idea is to isolate
uncertainty eﬀects from inequality eﬀects by calculating certainty-equivalent
consumption levels for each individual. Inequality is then measured from the
distribution of certainty-equivalent consumption while uncertainty is measured
by comparing the diﬀerences in actual and certainty-equivalent consumption
7
Note that this does not deﬁne a unique combination of c% and l%: This problem is further
discussed below.
8

Superscripts A and B denote the economy that variables correspond to, and consumption and
leisure streams are the optimal choices in the respective economies.
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levels. To be more speciﬁc, consider the following deﬁnitions of the costs of
uncertainty and inequality in an economy.
Deﬁnition 5. The cost of uncertainty, punc ; is deﬁned by
% % N
Vðfð1  punc ÞC; LgN
s¼t Þ ¼ VðfC ; Lgs¼t Þ:
Deﬁnition 6. The cost of inequality, pine ; is deﬁned by
Z
Þ
¼
Vðfc%; l%gN
Vðfð1  pine ÞC% ; L% gN
s¼t
s¼t Þ dl:

ð4Þ

The cost of uncertainty is measured in percent of consumption and is
calculated from the diﬀerence between average consumption and leisure on the
one hand, and the average certainty equivalents on the other hand. The cost of
inequality is measured (again in percent of consumption) from the diﬀerence
between the utility of consuming certainty-equivalent averages and the average
of utilities.
If uncertainty increases, certainty-equivalent consumption-leisure bundles
decrease, and punc increases. C% and L% change together with c% and l%; thus the cost
of inequality is (approximately) unaﬀected by a change in uncertainty.
Redistribution has the opposite eﬀects. Taking consumption from a ‘rich’
agent and giving to a ‘poor’ agent leaves C% and L% constant but the right-hand
side of (4) increases because of the concavity of the utility function. The cost of
inequality is therefore reduced but uncertainty is not aﬀected.
A shift in policy changes the equilibrium levels of both consumption and
leisure. To measure the level eﬀects in terms of consumption only, let us make
the following deﬁnition.
B
Deﬁnition 7. Leisure-compensated consumption in economy B; C# ; is deﬁned
by
B
B
B N
VðfC# ; LA gN
s¼t Þ ¼ VðfC ; L gs¼t Þ:
B
Solving for C# ; we get
B
C# ¼ C B exp½zðð1  LA Þ1þg  ð1  LB Þ1þg Þ :

We are now ready to deﬁne the three separate welfare eﬀects of a change
from policy A to policy B.
Deﬁnition 8. The welfare gain of increased levels, olev ; is
olev

B
C#
¼ A  1:
C

M. Flode!n / Journal of Monetary Economics 48 (2001) 81–108

91

Deﬁnition 9. The welfare gain of reduced uncertainty, ounc ; is
ounc ¼

1  pBunc
 1:
1  pA
unc

Deﬁnition 10. The welfare gain of reduced inequality, oine ; is
oine ¼

1  pBine
 1:
1  pA
ine

Proposition 1 establishes the relation between the utilitarian gain and the
welfare decomposition. The proof is in the appendix.
Proposition 1. Assume that the utility function is separable so that for all
x; uðxc; hÞ ¼ f ðxÞuðc; hÞ þ gðxÞ: Then
oU ¼ ð1 þ olev Þð1 þ ounc Þð1 þ oine Þ  1:
Thus, the isolated welfare gains approximately sum up to the utilitarian gain.
If we are interested in the eﬀects that a certain policy change has on risk and
uncertainty in the economy, but not in distributional eﬀects, olev þ ounc is the
relevant welfare measure.
As mentioned above, the certainty equivalent consumption-leisure bundles
are not uniquely deﬁned. In fact, since there is one utility level to match and
two variables to determine, there is a continuum of possible choices of fc%; l%g for
each state-of-the world. I have considered two ways of determining leisure. One
is to ﬁx leisure at the level that was chosen at date t in the uncertain world. The
other is to set leisure to the average level in the economy. It turns out that the
two approaches have diﬀerent implication for the calculated punc and pine ; but
that the relative changes in these costs are almost identical.9 That is, the welfare
gains ounc and oine do not seem to be sensitive to how certainty-equivalent
leisure is determined. I will therefore only report results for leisure ﬁxed at the
choice level.
4. Results
This section examines the long-run welfare eﬀects of debt and transfers, and
what consequences diﬀerent policies have on risk sharing, the distribution of
resources, and economic eﬃciency. To illustrate how debt and transfers aﬀect
the economy and to facilitate comparisons with previous studies, each policy
9

When leisure is set to its average level, the cost of uncertainty is consistently higher and the cost
of inequality lower. The diﬀerence between the two approaches is largest (and not always
negligible) when I compare economies with lump-sum transfers to economies with means-tested
transfers.
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instrument is ﬁrst studied separately. Any possible interactions between debt
and transfers and the optimal mix of these two policies are considered in the
second subsection. Distributional consequences of imposing the policies are
explored more carefully in the third subsection. In the ﬁnal subsection, I
examine whether the results depend on the speciﬁcation of the tax and transfer
system.
4.1. Debt and transfers in isolation
Figs. 1 and 2 depict the results of two experiments. In the ﬁrst, debt is ﬁxed
at the benchmark level while transfers are lump sum and range from 0 to 30
percent of output. In the second experiment, transfers are ﬁxed at the
benchmark level and debt range from 100 percent to 250 percent of output.
The ﬁgures report steady-state properties of economies with these policies, and
welfare eﬀects compared to the benchmark policy.
When debt is ﬁxed, the optimal transfer level is 19 percent of output and the
utilitarian welfare improvement over the benchmark policy is 2.6 percent of
annual consumption. The separation of welfare eﬀects shows that both
inequality and uncertainty are reduced when transfers are raised. The welfare
gain stemming from the reductions in inequality and uncertainty are 2.9 and
2.3 percent of annual consumption, respectively. The level eﬀect contributes
negatively to welfare. The welfare loss from distortions are 2.6 percent.
These ﬁndings are unsurprising and need little discussion. That utilitarian
welfare gains of increasing the transfer level can be strong was noted in Flod!en
and Lind!e (2001). The isolated welfare eﬀects are intuitiveFa more extensive
insurance program reduces inequality and uncertainty, but distorts labor
supply and savings decisions. It should however be noted that if transfers are
raised from a very low level, distortions may diminish (see olev in the top-left
panel in Fig. 1). In a sense there is overaccumulation of capital when transfers
are low. If markets were complete, the equilibrium after-tax interest rate would
be r ¼ 1=½bð1 þ gÞ1m  1; but the interest rate will always be lower when there
are borrowing constraints and uncertainty (see Aiyagari, 1994). Saving is
particularly costly when the interest rate is small compared to the discount rate.
Therefore, a policy that crowds out physical capital can attenuate this
ineﬃciency by shifting the interest rate closer to the discount rate.
The utilitarian welfare eﬀects are considerably smaller when debt is varied
and transfers are ﬁxed (see Fig. 2). This is in line with the results in Aiyagari
and McGrattan (1998). Behind the small utilitarian eﬀects, however, there are
signiﬁcant eﬀects on inequality and uncertainty. Raising debt from its
benchmark level 67 percent to the optimal 150 percent implies a utilitarian
welfare gain of 0.1 percent of annual consumption. The gain from improved
risk sharing is 0.8 percent and the loss from increased inequality is 0.6 percent,
while the level eﬀect is negligible.
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Fig. 1. Eﬀects of transfers. Note: H is aggregate labor supply, HQ is aggregate labor supply in
eﬃciency units, Y is aggregate production. ‘Assets’ are capital plus debt. Assets, capital and
transfer are expressed as fractions of output.

The intuition for the distributional implications are as follows. A debt
increase will raise the equilibrium interest rate and induce people to hold larger
buﬀer stocks of savings (see Fig. 5 below), hence making them better insured
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Fig. 2. Eﬀects of government debt. Note: Debt is expressed as a fraction of output. See also Fig. 1.

against income uncertainty. The improved risk sharing only beneﬁts those with
non-negligible wealth, but all households bear the costs of debtFcrowding out
of physical capital, higher taxes, lower wages, and lower transfers (in levels).
This explains the negative impact of debt on equity.
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Fig. 2 also shows that debt is not particularly distortiveFthe level eﬀect is
even strongly positive for all except the highest debt levels. Debt has a direct
crowding-out eﬀect on physical capital while transfers only aﬀect savings via its
reduction in uncertainty and by distorting the incentives to save. Debt
therefore seems more eﬃcient than transfers for reducing the overaccumulation
of capital.
The ﬁndings here are somewhat diﬀerent from those in Aiyagari and
McGrattan (1998)Foptimal debt is higher, and the welfare eﬀects of changing
the debt are larger. Two diﬀerences in the setups account for this discrepancy.
First, the labor-supply elasticity is lower in the current paper, implying smaller
distortions on labor supply. Second, there is considerably more idiosyncratic
risk and heterogeneity in the current paper. As a consequence there is larger
demand for insurance and more scope for redistribution.
4.2. The optimal combination of debt and transfers
The optimal combination of transfers and debt is the pair, ðB% ; D% ÞAB D;
which maximizes the social welfare function. The transfer and debt levels
considered are B ¼ f0:00; 0:01; y; 0:30g; and D ¼ f1:00; 0:75; y; 2:50g:
Fig. 3 depicts utilitarian welfare gains of changes in policy and shows that
the welfare function is maximized when transfers and debt are 0:23 and 1;
respectively. The welfare gain over the benchmark policy is then 3.4 percent of
annual consumption. If however redistributional eﬀects are ignored, the
optimal transfer level is around 10 percent and the optimal size of public debt is
2.5 (see top-left plot in Fig. 4).10
Fig. 3 also shows that the utilitarian welfare eﬀects of debt are negligible
only when transfers are around the benchmark level (8.2 percent). When
transfers are higher or lower, variations in debt levels can have substantial
welfare implications. The ﬁgure also illustrates that whether debt enhances or
reduces utilitarian welfare depends on how extensive the transfer system is.
There is no beneﬁcial role for debt when much insurance is already provided by
the transfer system.
Decomposing the welfare eﬀects facilitates the understanding of these
results. Fig. 4 shows that the eﬀects on uncertainty and inequality are the same
as in the previous subsection; transfers enhance risk sharing and reduce
inequality; debt enhances risk sharing but leads to more inequality. The level
eﬀects provide some new insights, however. If transfers and debt are small,
there is overaccumulation of capital, and people with little wealth and low
wages work ineﬃciently hard. An increase in either transfers or debt will then
10
The top-left plot in Fig. 4 reports what B!enabou (2001) calls the measure of pure economic
eﬃciency. This measure accounts for level and risk-sharing eﬀects but ignores eﬀects of
redistribution.
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Fig. 3. Utilitarian welfare gain of policy change. Note: The contour lines represent welfare gains, in
percent of annual consumption, of changing from the benchmark policy to a policy with the
indicated transfer and debt.

relax this ineﬃciency, but if either transfers or debt are high an increase in the
other instrument will typically be distorting. Debt also appears better suited
than transfers for removing the ineﬃciency, because crowding out of capital
directly addresses the overaccumulation of capital. Except for the lowest levels
of transfers and debt, the distortions of an increase in transfers dominate these
eﬀects.
Table 1 shows some selected statistics for the U.S. economy, the benchmark
economy, the economy that would be optimal according to the model, and
some alternative model speciﬁcations examined below. The economy with the
optimal policy does not look drastically diﬀerent from the benchmark
economy. Consumption is smoother while hours worked are somewhat more
volatile.
The choice of wage process is critical for the amount of risk that agents face,
and the degree of persistence is particularly important. The unconditional
variance for the AR(1) process is s2e =ð1  r2 Þ; which is sensitive to changes in
persistence when r is close to unity. There is indeed controversy over the value
of r; Aiyagari and McGrattan (1998) and others use a less persistent process
with r ¼ 0:60 and se ¼ 0:24: When I calibrate the model with this wage process
(but still allow for the permanent wage diﬀerences, sc ¼ 0:34), the optimal
policy combination is B ¼ 0:16 and D ¼ 1:00; and the welfare gain over the
benchmark economy is 0.7 percent of annual consumption.
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Fig. 4. Decomposition of welfare gain. Note: See Fig. 3.

One may suspect that the choice of labor-supply elasticity is important for
the results since this parameter determines how labor supply is distorted by
taxation. However, the results do not seem particularly sensitive to changes in
the elasticity. When the elasticity is increased from 0:5 to 1; the optimal policy
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Table 1
Properties of U.S. and model economiesa
Model economies
Statistic
Interest rate, pre-tax
Interest rate, post-tax
Capital–output ratio
Hours
Eﬃciency hours
Tax rate
c.v., hours
c.v., consumption
c.v., disp. income
gini, consumption
gini, wealth
gini, disp. income
gini, earnings

U.S.
b

4.50
n/a
2.50b
0.33c
n/a
0.38b
n/a
n/a
n/a
n/a
0.78d
0.57d
0.63d

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

4.50
2.82
2.50
0.29
0.32
0.38
0.16
0.46
0.77
0.25
0.61
0.37
0.42

5.46
2.55
2.32
0.26
0.28
0.53
0.18
0.37
0.71
0.21
0.72
0.33
0.43

4.50
2.81
2.50
0.30
0.34
0.38
0.27
0.27
0.86
0.27
0.62
0.40
0.46

4.50
2.81
2.50
0.30
0.31
0.38
0.13
0.31
0.50
0.17
0.43
0.27
0.31

3.05
3.05
2.84
0.29
0.31
0.44
0.17
0.45
0.77
0.25
0.59
0.37
0.42

3.11
3.11
2.83
0.25
0.28
0.61
0.19
0.35
0.71
0.19
0.68
0.34
0.44

5.08
3.17
2.39
0.21
0.28
0.37
0.71
0.50
0.87
0.28
0.76
0.43
0.54

5.45
3.41
2.32
0.28
0.30
0.37
0.16
0.42
0.72
0.23
0.64
0.35
0.41

5.25
2.91
2.35
0.27
0.29
0.45
0.16
0.38
0.67
0.21
0.70
0.32
0.41

Description of model economies:
(1) benchmark speciﬁcation and benchmark policy
(2) benchmark speciﬁcation, optimal policy (B ¼ 0:23 and D ¼ 1:00)
(3) high labor-supply elasticity (g ¼ 1), benchmark policy
(4) less income risk (r ¼ 0:60 and se ¼ 0:24), benchmark policy
(5) no capital-income taxation, benchmark policy
(6) no capital-income taxation, optimal policy (B ¼ 0:22 and D ¼ 1:00)
(7) transfers conditioned on income and wealth, strict version (b=b% ¼ 1), benchmark policy
%
(8) transfers conditioned on income, b=b% ¼ 0:1; benchmark policy
% b% ¼ 0:1; optimal policy (B ¼ 0:16 and D ¼ 1:00)
(9) transfers conditioned on income, b=
%
a
Note: Values in italics have been calibrated to match U.S. data. Coeﬃcients of variation are
calculated on the cross-section of individuals.
b
Aiyagari and McGrattan (1998).
c
Ghez and Becker (1975).
d
1992 Survey of Consumer Finances as reported in D!ıaz-Gim!enez et al. (1997).

becomes B ¼ 0:20 and D ¼ 0:75: The welfare gain over the benchmark policy
falls to 2.5 percent of annual consumption.
For both these variations, the decomposition of welfare eﬀects has the same
general pattern as in Figs. 3 and 4. Hence the corresponding ﬁgures for the less
persistent wage process and the higher elasticity are not presented here.
4.3. Eﬀects on inequality and distributions
We have seen that both debt and transfers can have sizeable (positive)
insurance eﬀects. However, these two instruments work through diﬀerent
channels and they have opposite implications for the distribution of resources.
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Fig. 5. Wealth distributions. Note: The graph shows the fraction of agents with asset holdings
belonging to bins of size 0.2. For example, in the benchmark economy approximately 18 percent of
agents hold assets worth less than 0.2. Asset holdings are expressed as fractions of output.

Fig. 5 illustrates how the asset distribution depends on debt and transfer
levels. The most notable eﬀects of policy changes are on the fraction of agents
with no wealth. When debt increases, people more willingly engage in
precautionary savings (because the return on capital is higher), and it is
consequently less likely that their buﬀer stocks are depleted. The fraction of
households with no wealth is therefore small when debt is high.
The Gini coeﬃcients reported in Fig. 6 indicate that income and consumption distributions do not change signiﬁcantly, but that the asset distribution
becomes more compressed when debt increases. Of the Gini coeﬃcients, the
one for consumption is most closely related to agents’ utility. However, there
are at least two reasons why it may be a weak indicator of inequality in this
setting and hence why the decomposition of welfare eﬀects is to prefer. First,
agents derive utility not only from consumption but also from leisure. Second,
the consumption Gini does not distinguish variations due to inequality from
ﬂuctuations due to uncertainty.
The distributional eﬀects of changes in transfers are more obvious. Higher
beneﬁt levels reduce uncertainty since the lowest income level improves relative
to the highest income level. Higher beneﬁts also imply lower output since
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Fig. 6. Distribution eﬀects of debt and transfers. Note: Disposable income is total pre-tax income
including transfers. D is the debt level as a fraction of output and B is the transfer level.

increased taxes discourage work eﬀort and saving, and since a decline in
uncertainty reduces the need for precautionary saving. In addition to providing
insurance, higher transfers make the tax system more redistributive. It is then
not surprising that, as we see in Figs. 3 and 4, the utilitarian welfare measure
peaks at higher transfer levels than the measure excluding equity eﬀects.
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Table 2
Optimal policy conditional on idiosyncratic statea
Low c

High c

z

w

B*

D*

w

B*

D*

z1
z2
z3
z4
z5
z6
z7

0.14
0.22
0.35
0.57
0.93
1.50
2.44

0.30
0.30
0.30
0.30
0.30
0.25
0.05

1:00
1:00
1:00
1:00
1:00
1:00
2.50

0.27
0.43
0.70
1.13
1.83
2.97
4.81

0.15
0.10
0.05
0.00
0.00
0.00
0.00

2.50
2.50
2.50
2.50
2.50
2.50
2.50

a
Note: w is the present wage, given by the productivity state ðc; zÞ; and ðB * ; D * Þ is the policy
(transfers, debt) that the agent would choose if he could make a once-and-forever decision on
policy and if the economy would immediately transfer to the new steady state.

Fig. 6 demonstrates that the model has clear predictions for how variations
in transfers aﬀect distributions of income, wealth, and consumption. As
transfers increase, asset and earnings distributions become more dispersed
while the distributions of consumption and gross income become more
compressed. Wealth becomes more dispersed since more agents choose to hold
no wealth at all when transfers are high. People with low wages do no longer
have a desperate need to save in case times get even worse. With higher beneﬁt
levels, there are also less incentives for people with low wages and modest
wealth to work.
Table 2 contains some additional information on the distributional eﬀects of
policy. I have conducted the following experiment. Assume that a worker
observes his current productivity state ðc; zÞ: Conditional on this information,
if the worker could choose a policy ðB; DÞ and immediately move to the steady
state in that economy, which policy would she choose? I have restricted the
policy space to ðB; DÞAf0:00; 0:05; y; 0:30gf1:00; 0:75; y; 2:50g: In the
approximation of the productivity space, there is one low and one high value
for permanent eﬀects, c; and seven values for the temporary productivity, z:
The table shows that almost all agents with low permanent productivity choose
the maximum level of transfers and the minimum level of debt while the
opposite holds for those with high permanent productivity.
The above exercise also hints at some interesting political–economy aspects.
If the ‘optimal’ level of transfers is 22 percent of output, why is that level not
implemented in reality? One answer could be that the political process does not
implement the utilitarian welfare function. Table 2 indicates that the median
voter would in fact choose a transfer level around 10 percent of output, close to
the actual U.S. level.11
11

See Aiyagari and Peled (1995) for a similar exercise.
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4.4. Alternative tax and transfer systems
So far, I have only allowed for one speciﬁc tax and transfer system. For
computational reasons, it has been necessary to restrict the policy space, and
ﬂat, uniform tax rates and lump-sum transfers has been a natural starting
point. Two obvious questions are therefore: Can alternative systems provide
even better insurance, and are the eﬀects of changing debt and transfer levels
the same when these systems are diﬀerent? We will see that the decomposition
of welfare eﬀects is not sensitive to the speciﬁcation of the tax and transfer
system. With a few exceptions, means testing reduces welfare substantially, in
particular if wealth is a test criterion.
4.4.1. No capital-income taxation
I ﬁrst consider a variation in the tax system, namely setting the capital
income tax rate, tk ; to zero. All government spending is consequently ﬁnanced
through taxes on labor income. One motivation for considering this
speciﬁcation is Judd’s (1985) and Chamley’s (1986) ﬁnding that the optimal
steady-state tax rate on capital is zero. However, Aiyagari (1995) shows that
this result does not generalize to economies with incomplete markets.12
This variation has almost no impact on the results. With the benchmark
policy, average utility is indistinguishable from utility in the economy with the
same policy but uniform taxes. With only labor-income taxes, uncertainty is
reduced somewhat but this welfare gain is oﬀset by higher distortions on labor
supply. Utilitarian welfare is now maximized when B ¼ 0:22 and D ¼ 1:00:
The welfare gain over the benchmark economy is 3.15 percent of annual
consumption.
Also the decomposition of welfare eﬀects is similar to those in the economy
with uniform taxes. B!enabou’s measure of pure economic eﬃciency is
maximized when transfers are around 10 percent and debt 250 percent.
Indeed, the only clear diﬀerence from the case with uniform taxes emerges
when transfers are above 25 percent. Labor supply then becomes more
distorted as government expenditure must be ﬁnanced by almost prohibitively
high taxes on labor income. For example, when transfers are 30 percent and
debt 250 percent, the tax rate is 81 percent.
4.4.2. Means-tested transfers
The other variation I have examined is a means-tested transfer system. This
is arguably closer to how social insurance actually works in the U.S.
Furthermore, means-tested transfers may provide better insurance by making
12

I refer to Domeij and Heathcote (2000) for more on the optimal combination of capital and
labor taxes in a similar framework.
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the tax and transfer system more progressive. With more progressivity,
however, these systems may also be more distorting.
I consider two speciﬁcations of the means-tested system. With the ﬁrst
speciﬁcation, transfers are conditioned on an agent’s total resources, both
income and wealth. The transfer then takes the form


b
*
b ¼ max 0; b  ðw% qh þ ð1 þ r%Þa*Þ :
b
%
Here b is the guaranteed consumption ﬂoor and b% the maximum resources
% to qualify for welfare beneﬁts. The ratio b=b% determines how much
allowed
%
transfers are reduced when resources increase; when
b=b% ¼ 1; transfers are
% income or wealth
reduced one-for-one for every dollar of extra labor
accumulated, as in Hubbard et al. (1994, 1995). When b% ¼ N; transfers are
lump sum and b* ¼ b:
%
With the other speciﬁcation,
transfers are only conditioned on income,


b
*
b ¼ max 0; b  ðw% qh þ r%a*Þ :
%
b
Table 3 shows results for diﬀerent values of b=b% with the benchmark policy
%
are striking. In particular,
in these transfer systems.13 The variations in results
welfare is low when means testing is strict (i.e. when b=b% ¼ 1). I have looked
%
closer at two of these transfer systemsFthe one conditioning
strictly on
income and wealth and the one that yields the highest welfare in Table 1.14
With strict means testing, agents with low wages and little wealth choose to
live on transfers and not to work. As a consequence, average labor supply is
considerably lower than in the economy with lump-sum transfers. Since those
who stop working have low productivity, labor supply in eﬃciency units is not
reduced to the same extent. By shifting the labor burden towards the highly
productive workers, agents in this economy thus enjoy more leisure without
experiencing a large reduction in eﬃcient labor supply. The welfare
decomposition consequently shows that there is a positive level eﬀect compared
to the economy with lump-sum transfers.
13
The consumption ﬂoor then varies between 13:3 and 25:6 percent of output. According to
Hubbard et al. (1994), the consumption ﬂoor was approximately $7200 in 1984 for a representative
family receiving AFDC and food stamps. If this family (female-headed with two children) is
approximated as two consumption-equivalent units, the consumption ﬂoor per consumption unit
was 18 percent of output.
14
Only a limited set of policy combinations is considered because of computation costs.
Furthermore, to reduce problems with discrete jumps in aggregate labor supply in response to
changes in the transfer level, I use a Markov chain with 2 11 productivity levels (instead of 2 7).
The results are compared to a benchmark economy with lump-sum transfers but with the same
2 11 Markov chain.
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Table 3
Diﬀerent transfer systemsa
Transfer system
Test criterion
None (lump sum)
Income þ wealth
Income þ wealth
Income þ wealth
Income
Income
Income

Gini
b=b%
%
0
1
0.5
0.1
1
0.5
0.1

b
%
8.2
25.6
25.1
14.6
24.1
24.2
13.3

o

U

0.0
9:2
0:7
3:0
9:8
1:4
1.2

% of wealth held by

H

Wealth

Cons.

Top 20%

Top 5%

0.31
0.28
0.29
0.30
0.28
0.29
0.30

0.60
0.76
0.82
0.86
0.71
0.77
0.64

0.24
0.28
0.26
0.26
0.28
0.25
0.23

61
78
90
96
73
81
65

25
34
42
48
32
39
28

a
Note: b is expressed in percent of output, oU is the utilitarian welfare gain compared to the
benchmark% economy (with the extended productivity grid, see footnote 14), and H is the aggregate
labor supply in eﬃciency units.

Nevertheless, average utility is considerably lower when transfers are strictly
means tested rather than lump sum. The welfare loss is due to substantial
increases in uncertainty and inequality. The decomposition of these welfare
eﬀects is sensitive to how certainty-equivalent leisure is speciﬁed.15 The general
eﬀects of debt seem robust, however. Higher debt implies more risk sharing
and more inequality, and average utility increases in debt if transfers are low.
At ﬁrst sight, it may be surprising that risk sharing deteriorates and
inequality increases with this transfer system, since means-tested transfers are
targeted at low-income households. Hubbard et al. (1995) provide the
intuition: With strictly means-tested insurance programs, incentives to save
and work are extremely weak for households with potential income close to or
below the consumption ﬂoor. Since these households do not save, their chances
of moving away from the bottom end of the distribution are small. The eﬀects
on the wealth distribution are clear. In the benchmark economy the wealthiest
20 percent of agents hold 61 percent of the assets. With strictly means-tested
transfers this fraction increases to 78 percent. The Gini coeﬃcients for wealth
and consumption, reported in Table 3, also increase.
The transfer system that only conditions on income does not discourage
asset accumulation to the same extent as the ﬁrst system. When the testing is
soft (b=b% ¼ 0:1) welfare turns out to be higher than with lump sum transfers.
%
15
In short, the explanation for this sensitivity is that labor supply becomes volatile when
transfers are means-tested, and in particular that many agents choose not to work at all. It then
matters if certainty-equivalent leisure is ﬁxed at the choice level or at its average level. With leisure
ﬁxed at the initial choice level, most of the welfare losses are accredited to inequality eﬀects, while
most welfare losses are accredited to increased uncertainty when leisure is ﬁxed at the average.
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Fig. 7. Income-tested transfers, b=b% ¼ 0:1: Note: Welfare gains are relative to the economy with
% policy. See also Fig. 3.
lump-sum transfers and benchmark

Fig. 7 depicts welfare eﬀects of diﬀerent levels of debt and transfers in this
transfer system. The general pattern of the eﬀects is similar to that with
lump-sum transfers. The same holds for the decomposition of the welfare
eﬀects (not reported in the ﬁgure). Average utility is maximized when transfers
are 16 percent of output and debt is 100 percent. The welfare gain is then 2.8
percent compared to the economy with lump-sum transfers and benchmark
policy.
These experiments have shown that the outcome and eﬀectiveness of meanstested transfer systems are sensitive to how the system is designed. If the system
discourages asset accumulation of low-income households, welfare may
become considerably lower than when transfers are lump sum. A well designed
program, however, appears able to provide eﬀective insurance even when the
transfer program is only of modest size. Still, none of the means-tested
programs that I have examined achieved as high welfare as the optimal system
with lump-sum transfers.
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5. Summary and conclusion
This study has shown that even if changes in government debt have little
impact on a utilitarian welfare measure, the insurance value of increasing debt
can be large. Further, utilitarian welfare eﬀects of debt only appear to be
negligible when transfers are around 10 percent of output. The positive
insurance eﬀects are then just oﬀset by negative eﬀects on equity. Welfare gains
of increasing transfer levels can be large, both because of additions to insurance
and to equity.
In providing insurance and redistribution, transfers will work more
eﬃciently than public debt when a utilitarian welfare criterion is used. In fact,
when the government is allowed to choose transfers optimally, the role for
public debt disappears and the optimal level of debt is 100 percent of output.
If, however, redistributive eﬀects are ignored when policy is evaluated, a totally
diﬀerent picture emerges. The optimal policy is then to have as high debt as
possible (250 percent of output) and to let transfers be at the current level.
According to the model, the welfare gains of shifting from the benchmark
levels of debt (67 percent of output) and transfers (8.2 percent) to the optimal
levels, 100 and 23 percent, respectively, would be 3.4 percent of annual
consumption. This analysis abstracts from the welfare beneﬁts or losses
associated with the transition to the new steady state. The capital stock will
decrease in the transition from a steady state with low transfers to one with
high transfers. There are then extra welfare gains from the transition, since part
of the capital stock can be consumed in the transition. On the other hand,
reducing debt is costly during the transition. In that transition, debt must be
repaid and additional investments in physical capital are needed.
If reducing the public debt from today’s level is not politically feasible, the
optimal transfer level is 19 percent of output and the welfare gain over current
policy is 2.6 percent of annual consumption.

Appendix A. Proof of Proposition 1
From Deﬁnitions 1 and 6, we obtain
Z
%
%
uðð1  pine ÞC ; 1  LÞ ¼ uðc%; 1  l%Þ dl:

ðA:1Þ

Deﬁnitions 1 and 5 imply that uðð1  punc ÞC; 1  LÞ ¼ uðC% ; 1  L% Þ: By
construction, L% ¼ L; hence ð1  punc ÞC ¼ C% which is used in (A.1) to get
Z
ðA:2Þ
uðð1  punc Þð1  pine ÞC; 1  LÞ ¼ uðc%; 1  l%Þ dl:
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Next, note that by Deﬁnition 2
N
N
X
X
bst uðc%; 1  l%Þ ¼ Et
bst uðcs ; 1  ls Þ:
s¼t

s¼t

Together with (A.2) this results in
Z
N
N
X
X
bst uðð1  punc Þð1  pine ÞC; 1  LÞ ¼ Et
bst uðcs ; 1  ls Þ dl:
s¼t

s¼t

The deﬁnition of utilitarian welfare gain therefore implies that
N
X
A
A
A
bst uðð1 þ oU Þð1  pA
unc Þð1  pine ÞC ; 1  L Þ
s¼t

¼

N
X

bst uðð1  pBunc Þð1  pBine ÞC B ; 1  LB Þ:

ðA:3Þ

s¼t
B
Now note that by deﬁnition uðC# ; 1  LA Þ ¼ uðCB ; 1  LB Þ; and by assumption
uðxc; 1  lÞ ¼ f ðxÞuðc; 1  lÞ þ gðxÞ: Consequently,

uðð1  pBunc Þð1  pBine ÞC B ; 1  LB Þ ¼ uðð1  pBunc Þð1  pBine ÞC# ; 1  LA Þ:
B

ðA:4Þ

By using (A.4) in (A.3) we get
A
A
B
B
#
ð1 þ oU Þð1  pA
unc Þð1  pine ÞC ¼ ð1  punc Þð1  pine ÞC :
B

After rearranging and using Deﬁnitions 8–10 we obtain
oU ¼ ð1 þ olev Þð1 þ ounc Þð1 þ oine Þ  1:
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