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Abstract

Lucas(1987) has shown a surprising result in business-cycle research: the welfare cost of

business cycles are very small. Our paper has several original contributions. First, in computing

welfare costs, we propose a novel setup that separates the effects of uncertainty stemming from

business-cycle fluctuations and economic-growth variation. Second, we extend the sample from
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which to compute the moments of consumption: the whole of the literature chose primarily to

work with post-WWII data. For this period, actual consumption is already a result of counter-

cyclical policies, and is potentially smoother than what it otherwise have been in their absence.

So, we employ also pre-WWII data. Third, we take an econometric approach and compute

explicitly the asymptotic standard deviation of welfare costs using the Delta Method.

Estimates of welfare costs show major differences for the pre-WWII and the post-WWII era.

They can reach up to 15 times for reasonable parameter values —β = 0.985, and φ = 5. For

example, in the pre-WWII period (1901-1941), welfare cost estimates are 0.31% of consumption

if we consider only permanent shocks and 0.61% of consumption if we consider only transitory

shocks. In comparison, the post-WWII era is much quieter: welfare costs of economic growth are

0.11% and welfare costs of business cycles are 0.037% —the latter being very close to the estimate

in Lucas (0.040%). Estimates of marginal welfare costs are roughly twice the size of the total

welfare costs. For the pre-WWII era, marginal welfare costs of economic-growth and business-

cycle fluctuations are respectively 0.63% and 1.17% of per-capita consumption. The same figures

for the post-WWII era are, respectively, 0.21% and 0.07% of per-capita consumption.

1. Introduction

From the perspective of a representative consumer, who dislikes systematic risk, it makes sense for

macroeconomic policy to try to reduce the variability of pervasive shocks affecting consumption. The

best known welfare-cost approach to this issue was put forth by Lucas (1987, 3), who calculates the

amount of extra consumption a rational consumer would require in order to be indifferent between

an infinite sequence of consumption under uncertainty (aggregate consumption) and a consumption

sequence with the same deterministic growth and no cyclical variability. Here, business-cycle shocks

are the only source of variation for aggregate consumption. Thus, Lucas’measure is known as the

welfare cost of business cycles. For 1983 figures, using a reasonable parametric utility function (CES

or Power utility function), and post-WWII data, the extra consumption is about $ 8.50 per person

in the U.S., a surprisingly low amount.

Several papers have been written just after Lucas first presented his results. For example,

Imrohoroglu (1989) and Atkeson and Phelan (1995) recalculated welfare costs using models with a

specific type of market incompleteness. Van Wincoop (1994), Pemberton (1996), Dolmas (1998),

and Tallarini (2000) have either changed preferences or relaxed expected utility maximization. In

some of them, welfare costs of business cycles reached up to 25% of per-capita consumption. On

that matter, Otrok (2001) notes that “it is trivial to make the welfare cost of business cycle as large

as one wants by simply choosing an appropriate form for preferences.”

Regarding the original setup, as in Zellner’s (1992) version of the KISS principle, Lucas Keeps

It Sophisticatedly Simple: if only transitory shocks hit consumption, the best a macroeconomist can

hope to achieve in terms of welfare improvement is to eliminate completely its cyclical variation,

which is equivalent to eliminating all systematic risk. Of course, the implicit counter-factual exercise
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being performed is rather extreme, since no one really believes that this trained macroeconomist

can indeed eliminate all cyclical variation in consumption. Shutting out completely the uncertainty

behind shocks to consumption in computing welfare costs forces the counter-factual exercise to

be of limited practical importance. Moreover, it dismisses any sources of uncertainty affecting

long-term growth. Indeed, Lucas recognizes that the setup could also include permanent shocks,

which lead Obstfeld (1994) to compute welfare costs in this context; see also Dolmas, Tallarini,

Issler, Franco, and Guillén (2008) and Reis (2009), the latter showing explicitly the importance of

properly measuring the persistence in aggregate consumption.

In a very interesting paper, Alvarez and Jermann (2004) generalized the setup in Lucas by

proposing a more realistic counter-factual exercise, where the representative consumer is offered a

convex combination of consumption and its conditional mean, but not a deterministic sequence a

priori. Their setup includes the total and the marginal welfare costs of business cycles. Total welfare

costs are computed when, in the counter-factual exercise, all the weight goes to the conditional mean

as in Lucas1. Marginal costs are obtained when we consider small changes in welfare costs in the

neighborhood of observed consumption, which has a more practical appeal.

More recently, the literature has focused on rare disasters — Barro (2009); on the effects of

model uncertainty on the welfare cost of business cycles —Barillas, Hansen, and Sargent (2009);

on how the stochastic properties of aggregate consumption affects welfare cost estimates —Reis;

on the distinction between individual and aggregate consumption risk in computing welfare costs —

De Santis (2009); and on the difference between welfare costs based on preference-parameter values

that fit or not asset-pricing data —Melino (2010).

In our view, despite the existence of a seemingly mature literature, there are still important

issues to be discussed in it. Consider models where aggregate consumption is hit by permanent

shocks (shocks affecting economic growth) and transitory shocks (typical business-cycle shocks).

The nature and sources of these shocks are completely different and they can arise in the real-

business-cycles tradition, e.g., King, Plosser and Rebelo (1988), and King et al. (1991), or in new-

keynesian tradition, e.g., Galí (1999). As we note in a previous paper (Issler, Franco, and Guillén),

the welfare impact of permanent and transitory shocks is completely different: for the former, its

conditional variance increases without bound with time, whereas it is bounded for the latter. Hence,

separating the effects of these two type of shocks in a sensible way requires thinking deeper about

the counter-factual exercise being performed. An easy solution is to lump all uncertainty together,

computing the welfare costs of what we have labelled macroeconomic uncertainty. However, this

approach is clearly limited in scope, given the very different roles that these two types of shocks

play and their potentially different sources. Indeed, this dichotomy has been key in macroeconomics

1To be equivalente to the exercise in Lucas, all the weight should go the unconditional mean instead. However,

Alvarez and Jermann want to take into account the possibility that consumption is non-stationary. Thus, they focus

on the conditional mean, which is still well defined in this case.
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and in macro-econometrics since the seminal work of Phelps (1967, 1968, 1970).

Another important issue that deserves further attention is the fact that (almost) all of the pre-

vious literature has computed welfare costs for the post-WWII period2. Although this is interesting

on its own right, it helps little in measuring the welfare benefits of counter-cyclical policies, for

the simple reason that they were already in place during this period. Borrowing ideas from the

treatment-effect literature, post-WWII aggregate consumption reflects already the treatment from

counter-cyclical policies, thus it cannot serve as a benchmark to compute the welfare benefits associ-

ated with them. One candidate to compute the latter is to use pre-WWII consumption data, which

lead us to compute here “The Welfare Costs in the 20th Century.”We recognize that the match

is not perfect, since the pre-war period may include policies (or lack thereof) that hurt welfare.

Despite that, it is interesting on its own right: separating the samples in pre-WWII and post-WWII

allows to measure by how much welfare costs have changed over time, something that could serve

as a guide for current and future macroeconomic policy.

Our paper has three original contributions. First, while the whole literature makes no effort to

construct a setup that separates the effects of uncertainty stemming from business-cycle fluctuations

and economic-growth variation, we explicitly make an effort to do so. In addition to that, uncer-

tainty is computed in a bivariate model containing consumption and income, which enlarges the

conditioning set used by the representative consumer in extracting consumption shocks, something

that is not seen in the literature. Here, permanent shocks to consumption arise from the unit-root

component in its trend. There are empirical reasons for that, e.g., Hall (1978), Nelson and Plosser

(1982), Engle and Granger (1987), King et al. (1991), Issler and Vahid (2001), and Reis. There

are also theoretical reasons: in the consumption literature — e.g., Hall (1978) and Flavin (1983)

—it is shown that consumption should follow a martingale; in the stochastic discount factor liter-

ature — e.g., Alvarez and Jermann (2005), and Hansen and Scheikman (2009) — it is shown that

the limit stochastic discount factor must entail permanent shocks. Indeed, as stressed by Alvarez

and Jermann, “for many cases where the pricing kernel is a function of consumption, innovations

to consumption need to have permanent effects.” Thus, we model the trend in consumption as

martingale process to accommodate this need. The fluctuations about the trend (the cycle) are

modelled as a stationary and ergodic zero-mean process. Trend and cyclical innovations are as-

sumed to be independent, which allows the joint measurement of welfare costs of business cycles

and of economic-growth variation.

Second, we depart from Lucas in changing the sample from which to compute the moments of

consumption: the whole of the literature chose primarily to work with post-WWII data. However,

for this period, actual consumption is already a result of counter-cyclical policies, and is potentially

2The only exception is Alvarez and Jermann, who also estimated welfare costs including the pre-WWII period

(1889-2001 and 1927-2001), although they do not present separate pre- and post-WWII results. In any case, their

emphasis is on the post-WWII period (1954-2001).
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smoother than what it otherwise have been in their absence. It would be desirable to measure the

welfare cost of business cycles observed in times with no (or little) counter-cyclical policy. Despite

the caveat raised above, that is why we use pre-WWII data.

Third, we take an econometric approach, and compute explicitly the asymptotic standard de-

viation of welfare costs using the Delta Method. This allows us to compute confidence bands for

welfare costs. Indeed, we go back to the idea behind the original exercise done by Lucas, where he

notes that: “It is worth re-emphasizing that these calculations rest on assumptions about prefer-

ences only, and not about any particular mechanism —equilibrium and disequilibrium —assumed to

generate business cycles.”In other words, we need not specify a full structural model to investigate

the welfare costs of business cycles in the presence of trend and cyclical shocks, which is exactly our

approach.

The paper is divided as follows. Section 2 provides a theoretical and statistical framework to

evaluate the welfare costs of business cycles. Section 3 provides the estimates that are used in

calculating them. Section 4 provides the calculations results, and Section 5 concludes. There is

also an Appendix providing the econometric background necessary to implement the calculations

carried out in the paper.

2. The Problem

Lucas (1987) proposed the following way to evaluate the welfare gains of cycle smoothing (or the

welfare costs of business cycles). Suppose that consumption (ct) is log-Normally distributed about

a deterministic trend:

ct = α0 (1 + α1)
t exp

(
−1

2
σ2z

)
zt, (2.1)

where ln (zt) ∼ N
(
0, σ2z

)
is the stationary and ergodic cyclical component of consumption.

Cycle-free consumption is the sequence {c∗t }
∞
t=0 , where

c∗t = E (ct) = α0 (1 + α1)
t exp

(
−12σ

2
z

)
E (zt) = α0 (1 + α1)

t. Notice that {c∗t }
∞
t=0 is the resulting

sequence when we replace the random variable ct with its unconditional mean. Hence, for any

particular time period, ct represents a mean-preserving spread of c∗t .

An intuitive way of thinking about c∗t is realizing that:

c∗t = lim
σ2z→0

ct = lim
σ2z→0

α0 (1 + α1)
t exp

(
−1

2
σ2z

)
zt = α0 (1 + α1)

t .

Hence, c∗t is a degenerate random variable with all the mass of its distribution at α0 (1 + α1)
t,

obviously risk free.
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Risk averse consumers prefer {c∗t }
∞
t=0 to {ct}

∞
t=0. Then, to evaluate the welfare costs of business

cycles, amounts to calculating λ, which solves the following equation3:

E

(
E0

∞∑
t=0

βtu ((1 + λ) ct)

)
=

∞∑
t=0

βtu (c∗t ) , (2.2)

where Et (·) = E (· | It) is the conditional expectation operator of a random variable, using It as
the information set, u (·) is the utility function of the representative agent who discounts future
utility at the rate β. Then, the welfare cost is expressed as the compensation λ, that consumers

would require at all dates and states of nature, which makes them indifferent between the uncertain

stream {ct}∞t=0 and the risk-free stream {c∗t }
∞
t=0.

Notice that uncertainty here comes in the form of stochastic business cycles alone, since the

trend in consumption is purely deterministic. One important limitation of this setup is that it

prevents the existence of permanent shocks to consumption. Of course, at least since Nelson and

Plosser (1982), macroeconomists have benefitted from the dichotomy of having econometric models

with permanent and transitory shocks, the first being associated with permanent factors influencing

economic growth - such as productivity, population, etc., and the second being associated with

transient factors - such as monetary policy.

Since Lucas modelled consumption trend as deterministic, eliminating all the cyclical variabil-

ity in ln (ct) is equivalent to eliminating all its variability. Under difference stationarity for (log)

consumption, where the econometric model now entails a permanent-transitory decomposition for

shocks, this equivalence is lost, since uncertainty comes both in the trend and the cyclical compo-

nent of ln (ct). Moreover, E (ct) is not defined, since the stochastic component of ln (ct) is neither

stationary nor ergodic. This led Obstfeld (1994) to use E0 (·) in defining welfare costs:

E0
∞∑
t=0

βtu ((1 + λ) ct) =
∞∑
t=0

βtu (E0 (ct)) . (2.3)

Here, λ is the welfare cost associated with all the uncertainty in consumption, not just the uncer-

tainty associated with the business-cycle component of consumption. Thus, it cannot be labelled

the welfare cost of business cycles. Indeed, on an earlier paper (Issler, Franco, and Guillén (2008)),

we have labelled it the welfare cost of macroeconomic uncertainty as opposed to the welfare cost of

business cycles.

An interesting generalization of the setup in Lucas is due to Alvarez and Jermann (2004), who

proposed offering the consumer a convex combination of {c∗t }
∞
t=0 and {ct}

∞
t=0: (1− α) ct+αc

∗
t , where

3Notice that Lucas (1987) uses the unconditional mean operator instead of the conditional mean operator in (2.2).

The same problem can be proposed using the conditional expectation instead. This is exactly how we proceed in this

paper.
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c∗t = E0 (ct). They make the welfare cost to be a function of the weight α, λ (α), which solves:

E0
∞∑
t=0

βtu ((1 + λ (α)) ct) = E0
∞∑
t=0

βtu ((1− α) ct + αc∗t ) . (2.4)

In their setup λ (0) = 0, and λ, as defined by Lucas, is obtained as λ = λ (1), when using E (·) instead
of E0 (·) in (2.4). They label λ (1) as the total cost of business cycles and define the marginal cost

of business cycles, obtained after differentiating (2.4) with respect to α as4:

λ′ (0) =
E0
∑∞

t=0

[
βtu′ (ct)× E0 (ct)

]
E0
∑∞

t=0 [βtu′ (ct)× ct]
− 1. (2.5)

As stressed by Alvarez and Jermann, there is a straightforward interpretation for λ′ (0). Consider

a Taylor-expansion argument for λ (α) around zero. We have: λ (α) u λ (0) + λ′ (0)α. Recall that

λ (0) = 0. Thus, λ (α) u λ′ (0)α, which makes λ′ (0) the first-order approximation of λ (1) around

zero, recalling that λ (1) is Lucas’measure. Their setup relies solely on asset-pricing data to compute

λ′ (0), which avoids completely the specification of preferences. However, as seen in (2.5), there is

a preference counterpart of their formulas which will be used here as we show below.

From (2.2), (2.3), and (2.5), notice that the total and the marginal cost of business cycles can be

computed if consumption is stationary and ergodic and also when it is not. The only difference is

whether we employ E (·) or Et (·), respectively, in defining it. Despite that, the choice of how to model
consumption is an important one for several reasons. As is well known, unless consumption has a

unit root, we cannot consider the existence of shocks with a permanent effect on it. The arguments

in Reis (2009) in favor of consumption containing a unit root, what he has labelled Hall’s (1978)

consumption process, are convincing. Moreover, as stressed by Alvarez and Jermann (2005), “for

many cases where the pricing kernel is a function of consumption, innovations to consumption need

to have permanent effects.”A permanent-transitory decomposition of consumption shocks allows to

explicitly isolate transient and permanent sources of welfare fluctuations, which could, in principle,

be associated with the welfare costs of business cycles and the welfare costs of growth components.

If one does not separate the welfare costs associated with permanent and transitory components,

there is the risk of inconsistent estimation of business-cycle costs alone.

As stressed in Issler and Vahid (2001), “theoretical models are rarely built in terms of permanent

or transitory shocks. Rather, they are built in terms of real (e.g., productivity) or nominal (e.g.,

monetary) shocks.”Here, in the original spirit of Lucas, we will link transitory shocks to sources

of business cycles. Permanent shocks will be linked to sources of economic growth. Moreover,

we impose independence between them. To go one step further would be to link these shocks,

respectively, to monetary policy and to productivity, something we refrain from doing here. We rely

4We have to assume that the usual regularity conditions hold in exchanging the integral and derivative signs; see

the conditions in Amemiya (1985, Theorem 1.3.2).
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on the argument put forth by Issler and Vahid who point or that not all “permanent” shocks are

“productivity” shocks, since there may be permanent demand shocks to taste, for example. One

could also think of transitory productivity shocks as well, challenging the link between “transitory”

and “monetary.”With that in mind, we now expose our own setup.

To start the discussion of difference-stationary consumption, we first assume that the utility

function is in CES class, with risk aversion coeffi cient φ:

u(ct) =
c1−φt − 1

1− φ , (2.6)

where u (ct) approaches ln (ct) as φ→ 1.

As shown in Beveridge and Nelson (1981), every linear difference-stationary process can be

decomposed as the sum of a deterministic term, a random walk (martingale) trend, and a stationary

cycle (ARMA process). The analogue of (2.1) when consumption is difference stationary is:

ln (ct) = ln (α0) + ln (1 + α1) · t−
ω2t
2

+

t∑
i=1

εi +

t−1∑
j=0

ψjµt−j (2.7)

where ln
[
α0 (1 + α1)

t · exp
(
−ω2t /2

)]
is the deterministic term,

∑t
i=1 εi is the random walk compo-

nent,
∑t−1

j=0 ψjµt−j is the MA (·) representation of the stationary part (cycle), which entails ψ0 = 1

and
∑∞

j=0 ψ
2
j < ∞. The permanent shock εt and the transitory shock µt are assumed to have a

bivariate Normal distribution as follows:(
εt

µt

)
∼ i.i.d.N

((
0

0

)
,

(
σ11 0

0 σ22

))
, (2.8)

i.e., shocks are uncorrelated across time and are contemporaneously uncorrelated. This implies

independence across time for both shocks and independence among them too. Thus, ω2t = σ11 ·

t + σ22
t−1∑
j=0

ψ2j is the conditional variance of ln (ct), where it becomes clear that εt and µt have

two very different roles in terms of uncertainty: the uncertainty of εt grows without bound with t

(σ11 · t), whereas that of µt also increases with t
(
σ22

t−1∑
j=0

ψ2j

)
but is bounded from above by the

unconditional variance σ22
∞∑
j=0

ψ2j .

As noted by Reis (2009), the degree of persistence imposed in the process {ln (ct)}∞t=1 is critical
to determine the welfare costs of business cycles. As an example, suppose we use a first-order

autoregressive AR(1) assumption for ln (ct) about a deterministic trend, i.e., ln (ct) = ln (α0) +

ln (1 + α1) · t − ω2t
2 +

∑∞
j=0 ψ

jµt−j , where ω2t = σ22
t−1∑
j=0

ψ2j and ψ is the first-order autoregressive

coeffi cient, with |ψ| < 1. Then, the variance of ln (ct) about its trend is σ22
1−ψ2 . Making {ln (ct)}∞t=1
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more persistent implies letting |ψ| approach unity from below and σ22
1−ψ2 to grow without bound.

Since the consumer dislikes risk, the welfare cost of business cycles is an increasing function of the

persistence in {ln (ct)}∞t=1.
Additionally, there is a discontinuity of the asymptotics for the least-square estimate of ψ, ψ̂, at

|ψ| = 1, when one uses a sample size of T observations in estimation. If |ψ| < 1, ψ̂ is
√
T -consistent,

whereas, at ψ = 1, it is T -consistent and downward biased in small samples5. Reis applies two

alternative methods to compute welfare costs if consumption has a unit root. The first is a local-to-

unity approach, where the unit root only shows up in the limit. Alternatively, based on the results

of several tests, Reis also imposes a unit root to consumption, avoiding the downward-bias problem

in estimation. As can be seen from equation (2.7), we chose to impose a unit root to consumption

as well6. However, we go one step further since we separate the welfare effects of permanent and

transitory shocks to ln (ct) given the structure underlying (2.8).

A main objective of this paper is to isolate the welfare costs of business cycles and the welfare

costs of economic growth. As stressed by Issler, Franco, and Guillén (2008), one way to study the

welfare cost of business cycles in a difference-stationary world is to work with independent shocks

responsible for trend and cyclical movements in ln (ct). If one does not separate the effects of these

shocks, she/he is forced to examine the welfare cost of all macroeconomic uncertainty, or to work

with a tainted measure of welfare cost of business cycles which encompasses some or all of the

cost associated with economic-growth factors. A previous attempt to deal with this issue includes

only examining consumption fluctuations at business-cycle horizons; see, e.g., Alvarez and Jermann

(2004). In our view, this strategy is best viewed as an approximation, since some business-cycle

variation in consumption can be due to permanent shocks: recall that one of the main features of

the real-business-cycle literature was that permanent shocks could indeed generate business-cycle

fluctuations; see, inter alia, Kydland and Prescott (1982), King, Plosser and Rebelo (1987), King,

Plosser, Stock and Watson (1991), and Issler and Vahid (2001).

In the framework above, because of independence of shocks, it is natural to evaluate the welfare

cost of business cycles using µt, and to evaluate the welfare cost of economic growth using εt. To

do so, consider the two processes below, where we start with (2.7) and shut out permanent and

5Moreover, the effect of uncertainty is very different for welfare costs. As ψ → 1, the autoregressive process becomes

a random walk, for which the conditional variance is σ22 · t, i.e., increases without bound with time.
6Reis claims that “Consumption growth is positively serially correlated, a fact that has inspired most modern

research on consumption.”Indeed, the models we entretain below have this character.
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transitory shocks, respectively, as follows:

cTt = α0 (1 + α1)
t · exp

−
σ22

t−1∑
j=0

ψ2j

2


t−1∑
j=0

ψjµt−j , and, (2.9)

cPt = α0 (1 + α1)
t · exp

(
−σ11

2
t
) t∑
i=1

εi. (2.10)

From (2.7), we can think of cTt and c
P
t as limit cases, respectively:

lim
σ11→0

ct = cTt , and lim
σ22→0

ct = cPt .

We propose measuring the welfare cost for the representative consumer of bearing the uncertainty

associated with {µt} alone (business cycles) through the use of cPt . Notice that the conditional
means of cPt and ct are identical: E0

(
cPt
)

= E0 (ct) = α0 (1 + α1)
t. However, the uncertainty of the

consumption stream {ct}∞t=1 is larger than that of
{
cPt
}∞
t=1
. Thus, ct is a mean-preserving spread of

cPt . Risk averse consumers prefer the stream
{
cPt
}∞
t=1

over {ct}∞t=1. Thus, we measure the welfare
cost associated with {µt} alone using λP , which solves:

E0
[∑∞

t=0
βtu ((1 + λP ) ct)

]
= E0

[∑∞

t=0
βtu

(
cPt
)]
, (2.11)

i.e., we can think of λP as the welfare cost of bearing the risks associated with transitory shocks

alone. Thus, we label it the welfare cost of business cycles.

In order to implement the computation of λP , we specialize the utility function to in the CES

class as in (2.6). After straightforward but tedious algebra we get,

λP = exp (φσ̃22/2)− 1, (2.12)

where, for the sake of simplicity in computation, we replace σ22
t−1∑
j=0

ψ2j by its respective unconditional

counterpart σ̃22 = σ22
∞∑
j=0

ψ2j . We also assume that the convergence condition β · (1 + α1)
(1−φ) ·

exp(−φ(1−φ)σ11/2) < 1 holds. Notice that the welfare cost of business cycles does not depend on the

uncertainty associated with permanent shocks. However, it depends on σ22 —the uncertainty behind

transitory shocks —as well as on the degree of persistence of these shocks, captured by
∞∑
j=0

ψ2j , and

on the relative risk-aversion coeffi cient φ.

Analogously, we propose measuring the welfare cost for the representative consumer of bearing

the uncertainty associated with {εt} alone (economic growth) through the use of cTt . Recall that
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E0
(
cTt
)

= E0 (ct) = α0 (1 + α1)
t, and ct is a mean-preserving spread of cTt . Hence, we measure the

welfare cost associated with {εt} alone by using λT , which solves:

E0
[∑∞

t=0
βtu ((1 + λT ) ct)

]
= E0

[∑∞

t=0
βtu

(
cTt
)]

(2.13)

Hence, we can think of λT as the welfare cost of economic growth. Using (2.6), one can show that:

λT =



[
(1−β·(1+α1)(1−φ)·exp(−φ(1−φ)σ11/2))

(1−β·(1+α1)(1−φ))

] 1
(1−φ)

− 1, for φ 6= 1

exp
(

βσ11
2(1−β)

)
− 1, for φ = 1

, (2.14)

where we assume that the convergence condition β · (1 + α1)
(1−φ) < 1, holds. Notice that λT does

not depend on σ22 —i.e., on how uncertain transitory shocks are. However, it depends on β, φ, σ11
and α1.

Finally, we can compute welfare costs for the representative consumer of bearing the uncertainty

associated with both {εt} and {µt} by introducing cDt :

lim
σ11→0,σ22→0

ct = cDt = α0 (1 + α1)
t . (2.15)

Here, E0
(
cDt
)

= E0 (ct) = α0 (1 + α1)
t, making ct a mean-preserving spread of cDt . We measure the

welfare cost associated with both {εt} and {µt} using λD, which solves:

E0
[∑∞

t=0
βtu ((1 + λD) ct)

]
= E0

[∑∞

t=0
βtu

(
cTt
)]
. (2.16)

Using (2.6), we obtain:

λD =



[
eφ(1−φ)σ̃22/2·(1−β·(1+α1)(1−φ)·e(−φ(1−φ)σ11/2))

(1−β·(1+α1)(1−φ))

] 1
(1−φ)

− 1, for φ 6= 1

e
βσ11+(1−β)σ̃22

2(1−β) − 1, for φ = 1

, (2.17)

where we assume that the convergence condition β · (1 + α1)
(1−φ) < 1, holds.

Measures λP , λT , and λD are what Alvarez and Jermann have labelled measures of total welfare

costs. Here, we are also interested in measures of marginal welfare costs, i.e., λ′P (0), λ′T (0), and

λ′D (0). Starting from (2.4), and using (2.6), we measure marginal welfare costs of business cycles,
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economic growth, and macroeconomic uncertainty by using cPt , c
T
t , and c

D
t , respectively:

λ′P (0) = exp (φσ̃22)− 1, (2.18)

λ′T (0) =



(
1−β·(1+α1)(1−φ)·e

−φ(1−φ)σ11
2

)
(
1−β·(1+α1)(1−φ)·e

φ(1+φ)σ11
2

) − 1, for φ 6= 1

1−β
1−βeσ11 − 1, for φ = 1

, and, (2.19)

λ′D (0) =



eφ·σ̃22 ·
(
1−β·(1+α1)(1−φ)·e

−φ(1−φ)σ11
2

)
(
1−β·(1+α1)(1−φ)·e

φ(1+φ)σ11
2

) − 1, for φ 6= 1

eσ̃22 (1−β)
1−βeσ11 − 1, for φ = 1

, (2.20)

where we assume that the usual specific convergence conditions apply in computing λ′P (0), λ′C (0)

and λ′T (0), respectively, and replace σ22
t−1∑
j=0

ψ2j by its respective unconditional counterpart σ̃22 =

σ22
∞∑
j=0

ψ2j in computing λ
′
C (0). As in the case of total welfare costs, we interpret λ′P (0), λ′T (0),

and λ′D (0) as being the marginal welfare costs of business cycles, of economic growth, and of all

macroeconomic uncertainty, respectively.

Finally, we give some intuition behind the measures of welfare costs proposed above. One way

to think about (2.10) is:

lim
σ22→0

ct = cPt = E [ct | I0, {εt}∞t=0] ,

which shows that cPt is the conditional expectation of ct when we have perfect foresight of the

sequence {εt}∞t=0 of permanent shocks. Thus, in computing the welfare costs of business cycles, we
control for the existence of permanent shocks to consumption. This shows that the welfare-cost

measures λP and λ′P (0) only take into account the uncertainty that goes beyond permanent shocks,

i.e., transitory shocks alone.

Using (2.9) and (2.15), a similar reasoning applies to cTt and c
D
t , respectively:

lim
σ11→0

ct = cTt = E [ct | I0, {µt}∞t=0] ,

lim
σ11→0,σ22→0

ct = cDt = E [ct | I0, {µt}∞t=0 , {εt}
∞
t=0] .

3. Identification and Estimation of Structural Parameters used in Computing λT ,
λP , λD, λ′T (0), λ

′
P (0), and λ

′
D(0)

Next, we discuss the reduced form and the structural form used in estimating λT , λP , λD, λ′T (0),

λ′P (0), and λ′D(0). For the reduced form, we borrow heavily from the discussion in Issler, Franco,
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and Guillén (2008). This is especially important regarding possible long-run constraints in the data.

Our starting point is a vector autoregression (VAR), where possible cointegrating restrictions are

used in estimation. We show how a simple identification strategy can be used in this setup, although

it does not impose the restriction that E (εtµt) = 0. For that reason, we also discuss structural time-

series models based on Harvey (1985b) and Koopman et al. (2009) where E (εtµt) = 0 is imposed

under joint Normality for shocks.

3.1. Reduced Form: Long-Run and Short-Run Constraints

A full discussion of the econometric models employed here can be found in Beveridge and Nelson

(1981), Stock and Watson (1988), Engle and Granger (1987), Campbell (1987), Campbell and

Deaton (1989), Vahid and Engle (1993), and Proietti (1997). Denote by yt = (ln (ct) , ln (It))
′

a 2 × 1 vector containing respectively the logarithms of consumption and disposable income per-

capita. We assume that both series contain a unit-root and are possibly cointegrated as in [−1, 1]′ yt

because of the Permanent-Income Hypothesis (Campbell(1987)). A vector error-correction model

(V ECM(p− 1)) is:

∆ yt = Γ1 ∆ yt−1 + . . . + Γp−1 ∆ yt−p+1 + γ [−1, 1] yt−p + ηt. (3.1)

Here, long-run constraints in the VAR are imposed through the error-correction mechanism

[−1, 1] yt−p. As discussed in Vahid and Engle (1993), short-run restrictions in the form of common

cycles can be imposed in (3.1). Let [−1, 1]′ = α and consider the following restrictions on the

parameters of (3.1):

α̃
′
Γi = 0, for all i = 1, 2, · · · p− 1, and α̃

′
γ = 0.

Then, we can represent (3.1) as having common-cyclical-feature restrictions in a 2× 1 system:

[
1 α̃∗

′

0 1

]
∆yt =

[
0 · · · 0 0

A∗1 · · · A∗p−1 γ∗

]
∆yt−1
...

∆yt−p+1

α
′
yt−p

+ ηt, (3.2)

where A∗1, · · · , A∗p−1, γ∗ represent partitions of Γ1, . . . Γp−1, γ, respectively. Notice that

[
1 α̃∗

′

0 1

]
is non-singular, which allows to recover the parameters in (3.1) from the ones in (3.2) as we pre-

multiply the latter by

[
1 α̃∗

′

0 1

]−1
. Indeed, (3.2) is just a more parsimonious representation than

(3.1).
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3.2. Structural Time-Series Models with Long-Run Constraints

Regarding our purposes here, the main problem of the reduced-form approach described in the

previous section is that it does not impose the constraint that permanent and transitory shocks to

ln (ct) are orthogonal. Under Normality, this would imply independence of these shocks. For that

reason, we now turn to the discussion of structural time-series models, where possible long- and

short-run restrictions are still kept in a different setup. Here, we present a brief summary of the

structural time-series model of Harvey (1985b) and Koopman et al. (2009). We start the discussion

using a univariate framework. There, the main objective is to decompose a single integrated series

(I (1)) in a trend and a cycle, treating both as latent variables to be estimated by maximum likeli-

hood, which guarantees consistent and asymptotically Normal parameter estimates, a key property

in our case.

For a single economic series xt, we decompose it as:

xt = τt + ϕt

where τt is the I (1) trend, ϕt is the cycle. Shocks to each of these two components are independent

of each other and also across time. The trend evolves as:

τt = τt−1 + δ + υt, (3.3)

where υt has variance given by σ2υ, whereas the cyclical component evolves as a bivariate V AR(1):[
ϕt

ϕ∗t

]
= ρ

[
cosλ sinλ

− sinλ cosλ

][
ϕt−1

ϕ∗t−1

]
+

[
ωt

ω∗t

]
(3.4)

where the component ϕ∗t shows up by construction; see Harrison and Akran (1983). Both ωt and ω
∗
t

are orthogonal white noise errors with variances given by σ2ω and σ
∗2
ω , respectively. Harvey (1985b)

argues that very little is lost in terms in terms of fit if we impose the restriction that σ2ω = σ∗2ω ,

representing an advantage in terms of parsimony. Finally, some restrictions on parameter values

should be observed:

0 ≤ λ∗ ≤ π and 0 < ρ ≤ 1,

where λ∗ is the frequency of the cycle and ρ is the discount factor for its amplitude. The last

restriction makes the cyclical component stationary.

One can also show that the cyclical component obeys:

ϕt =
(1− ρ cosλL)ωt + (ρ sinλL)ω∗t

1− 2ρ cosλL+ ρ2L2

where L is the lag operator, Lkxt = xt−k. Under σ2ω = σ∗2ω , we can put the last equation in an

ARMA format as: (
ρ2L2 − 2ρ cosλL+ 1

)
ϕt = (1 + ΦL)ωt
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where it becomes clear that ϕt follows an ARMA (2, 1), with Φ = ρ (sinλ− cosλ). This is a

restriction into the ARMA class of models, since not every cycle of an economic series will be well

modelled as an ARMA (2, 1).

Following the notation for the univariate class of models, in a multivariate setting, we can

represent yt = (ln (ct) , ln (It))
′ as having a common trend and a common cycle, respectively, as:[

ln (ct)

ln (It)

]
=

[
1

1

]
τt +

[
1

θ

]
ϕt, (3.5)

where the I (1) trend component τt follows (3.3) and the stationary cyclical component ϕt follows

(3.4). Here, the bivariate system in yt is modelled with just a single stochastic trend and a single

cycle, respectively. The trend affects identically the two series in yt, whereas the cycle affects them

differently. The vector [−1, 1]′ removes the common trend and that the vector [−θ, 1]′removes the

common cycle, where there is the additional restriction that θ 6= 17. The structural time-series

model in (3.5) is analogous to its reduced-form counterpart (3.2), in which it imposes identical long-

and short-run restrictions. Despite that, they differ in which (3.5) imposes independence for the

shocks to τt and ϕt, whereas (3.2) does not.

As stressed by Issler and Vahid (2001), there are several theoretical reasons why consumption

and income should cointegrate (Campbell (1987)) and have common cycles (King, Plosser, and

Rebelo (1988), Campbell and Mankiw (1989), and King et al. (1991)). Despite that, one may

be more willing to impose long-run restrictions than short-run restrictions, meaning that the two

variables in yt have two distinct cycles8, but still a common trend as in (3.5). This can be easily

accommodated by the structure in (3.5), where

[
1

θ

]
ϕt is replaced by the 2× 1 vector ϕt,

[
ϕt

ϕ∗t

]
=

[
ρ

(
cosλ sinλ

− sinλ cosλ

)
⊗ I2

][
ϕt−1

ϕ∗t−1

]
+

[
ωt

ω∗t

]
, (3.6)

where now ϕt, ϕ∗t , ωt and ω
∗
t are 2 × 1 vectors, λ is a 1 × 2 vector, and we impose the restriction

that E (ωtω
′
t) = E (ω∗t ω

∗′
t ) = Σω, making VAR

[
ωt

ω∗t

]
= I2 ⊗ Σω.

The univariate and multivariate models discussed above can be easily put in state-space form

with Normal disturbances, where the Kalman Filter can be used to compute the likelihood function

through the one-step prediction error decomposition. Consistent and asymptotically Normal esti-

mates of parameter values are thus obtained, which is a critical step to construct our estimates of

λT , λP , λD, λ′T (0), λ′P (0), and λ′D(0), as well as to construct their respective asymptotic confidence

intervals; more details on state-space forms, the likelihood function, and the use of the Kalman

Filter can be found in Koopman et al. (2009, Chapter 9).
7Testing for common cycles in a multivarite framework is discussed by Carvalho, Harvey, and Trimbur (2007).
8See the discussion and proposed tests in Carvalho, Harvey, and Trimbur (2007).
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Finally, we discuss the identification of the key parameters in the welfare-cost formulas of Section

2 by using τt and ϕt: the variances σ11 and σ̃22 and the instantaneous growth rate of consumption,

α1. The parameter σ11 can be identified using VAR(∆τt), whereas σ̃22 = σ22
∞∑
j=0

ψ2j can be identified

by using VAR(ϕt). If one uses the model with a common trend, but idiosyncratic cycles as in (3.6),

identification of σ̃22 is still straightforward by using VAR([1, 0]× ϕt). It is easy to identify ln (1 + α1)

employing E (∆τt).

The identification strategy outlined above suggests how to estimate consistently α1, σ11, and

σ̃22, as well as how to compute the variances of these estimates. These are based on Phillips and

Solo (1992), who discuss how to compute consistent estimates of parameters of linear processes

transformed using the Beveridge and Nelson (1981) filter. First, running a regression of ∆τt on a

constant provides a consistent estimate of ln (1 + α1): ̂ln (1 + α1) = 1
T

T∑
t=1

∆τt, where T is the sample

size used in estimation. Using Slutsky’s Theorem, it is straightforward to find a consistent estimate

for α1. Since the cycle is a zero-mean stationary and ergodic linear process with serial dependence,̂̃σ22 = 1
T

T∑
t=1

ϕ2t is a consistent estimate of σ̃22. On the other hand, the first difference of the trend,

∆τt, is still a linear process, but serially independent. Hence, σ̂11 = 1
T

T∑
t=1

(
∆τt − ̂ln (1 + α1)

)2
is a

consistent estimate of σ11.

As long as the serial dependence is not too strong — as is the case for all estimates above —

it poses no problem to estimate consistently α1, σ11, and σ̃22. But we must account properly for

the existence of serial dependence in order to estimate consistently the variance of α̂1, σ̂11, and̂̃σ22, which are all sample means. In our context, if the elements in these sample means have serial
dependence and heterogeneity of unknown form, their variances can still be consistently estimated

using the concept of long-run variance, which is given by γ0 + 2 ·
∞∑
i=1

γi, where γi is the i-th auto-

covariance of the terms in the sample mean9. Based on the fact that
√
T (σ̂11 − σ11)

d→ N (0, V11),√
T
( ̂̃σ22 − σ̃22) d→ N (0, V22), and

√
T (α̂1 − α1)

d→ N (0, Vα) it is straightforward to estimate

consistently V11, V22 and Vα. In our context, the only sample mean for which the elements are serially

dependent is 1
T

T∑
t=1

ϕ2t , whereas those in
1
T

T∑
t=1

∆τt and 1
T

T∑
t=1

(
∆τt − ̂ln (1 + α1)

)2
are independent.

Implementing a long-run-variance estimate for V22 can be easily accomplished by using Newey and

West’s (1987) non-parametric procedure, which relies on consistent estimates of the auto-covariances

of ϕ2t and a truncation window for computing a weighted average of them using a Bartlett kernel.

9For any sample average 1
T

T∑
t=1

xt, of satationary and ergodic linear series xt, serially dependent, the long-run vari-

ance is γ0+2·
∞∑
i=1

γi, where γi is the i-th auto-covariance of xt, i.e., γi = E [(xt − µ) (xt−i − µ)] = E [(xt − µ) (xt+i − µ)].
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3.3. Computing Asymptotic Confidence Intervals for Welfare Costs λT , λP , λD, λ′T (0),
λ′P (0), and λ′D(0)

In this section, we show how to compute asymptotic confidence intervals for welfare-cost estimates

based on (2.12), (2.14), (2.18), (2.19), and (2.20). As discussed in the previous section, we are able

to identify σ11, σ̃22, and α1, based on consistent and asymptotically Normal estimates (maximum

likelihood) obtained for the unobserved-component model proposed by Harvey (1985b) and Koop-

man et al. (2009). Given these estimates, asymptotic confidence intervals can be obtained using

the Delta Method.

Consider first the set of parameters θ∗ = (β, φ, σ11, σ̃22, α1)
′. All welfare costs λT , λP , λD,

λ′T (0), λ′P (0), and λ′D(0) can be expressed as specific non-linear functions of θ∗. Here, we follow the

literature in treating β and φ as known (fixed), whereas the remaining parameters in θ∗, stacked in

θ = (σ11, σ̃22, α1)
′, are estimated consistently employing a suffi ciently large sample of t = 1, 2, · · · , T

observations. In this setup, the uncertainty in estimating λT , λP , λD, λ′T (0), λ′P (0), and λ′D(0) will

be a function of the uncertainty in estimating the components of θ alone, and the Delta Method can

be used to compute asymptotic standard errors (and asymptotic confidence intervals) for welfare-

cost estimates.

Suppose that a generic welfare measure λ∗ relates to θ as:

λ∗ = G (θ) ,

where G (θ) is a continuous and continuously differentiable function. Here, the function G (·) is
specific to each welfare cost in equations (2.12), (2.14), (2.18), (2.19), and (2.20), and it can be

verified that all the assumptions required to use the Delta Method are valid, case by case.

Given that a Central Limit Theorem holds for θ̂,

√
T
(
θ̂ − θ

)
d→ N (0, V ) ,

the Delta Method can be employed to compute asymptotic confidence intervals for λ̂∗, which are

based on: √
T
(
λ̂∗ − λ∗

)
d→ N

(
0,
∂G (θ)

∂θ
V
∂G (θ)

∂θ′

)
.

In practice, we have to replace V with a consistent estimator, V̂ , and evaluate ∂G(θ)∂θ and ∂G(θ)
∂θ′ at θ =

θ̂. In this context, the estimated variance of λ̂∗ in finite samples is given by 1
T
∂G(θ)
∂θ

∣∣∣∣
θ=θ̂

V̂ ∂G(θ)
∂θ′

∣∣∣∣
θ=θ̂
,

and the 95% confidence interval for testingH0 : λ∗ = 0, is given by λ̂∗±1.96×
√

1
T
∂G(θ)
∂θ

∣∣∣∣
θ=θ̂

V̂ ∂G(θ)
∂θ′

∣∣∣∣
θ=θ̂
.
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4. Empirical Results

Data for consumption of non-durables and services were obtained from DRI from 1929 through 2010.

Data for consumption of perishables and services from 1901 to 1929 were obtained from Kuznets

(1961) in real terms, and then chained with DRI data, resulting in a long-span series for consumption

of non-durables and services from 1901-2011. Data for real GNP were also extracted from DRI from

1929 through 2010 and from Kuznets from 1901 through 1929. Data on population were extracted

from Kuznets and DRI, and then chained. Figure 1 presents the data on consumption and income

per-capita for the whole period 1901-2010. The peculiar features are first the magnitude of the

great depression in both consumption and income behavior, and second the fact that pre-WWII

data present much more volatility than post-WWII data.

We fitted a bivariate vector autoregression for the logs of consumption and income. Lag length

selection indicated that a VAR(2) with an unrestricted constant term was an appropriate description

of the dynamic system. This was true not only in terms of minimizing information criteria but also

because this specification did not fail diagnostic testing.

Table 1 presents results of the cointegration test using Johansen’s (1988, 1991) technique. The

Trace Statistics for the null of no cointegration and of at most one cointegrating vector were respec-

tively 16.43 and 0.18. At 5% significance, we conclude that there is one cointegrating vector, which

estimate is given by (−1.000, 1.005)′. Conditioning on the existence of one cointegrating vector, we

tested the restriction that it was equal to (−1, 1)′. We used the likelihood-ratio test in Johansen

(1991), which yields a p-value of 0.831, not rejecting the null at usual levels of significance. An in-

teresting by-product of cointegration analysis is testing the significance of the error-correction term

in each regression of the system. The t-statistic associated with this test are -0.07 and 3.16, for the

regression involving consumption and income respectively. Hence, the error-correction term affects

income but not consumption, and the latter is long-run weakly exogenous in the sense of Engle,

Hendry, and Richard (1983) and Johansen (1992). Despite that, we find Granger (1969) causality

from income to consumption —the coeffi cient of lagged income is significant in consumption’s equa-

tion —a t-statistic of -3.67. This shows the usefulness of the bivariate setup employed here, since

conditioning in income’s past helps predicting consumption today beyond what past consumption

would have allowed.

Given the cointegration vector found in the empirical analysis, we implemented the multivariate

structural time-series model in the form suggested by Harvey (1985b) and Koopman et al. (2009).

Figure 1 shows the result of this exercise. The consumption series and the trend are very close

throughout the whole period, reflecting the fact that agents do update their beliefs about future

income, and that the permanent-income theory is probably a reasonable approximation to consump-

tion behavior; see Cochrane (1994) inter alia. Also, the cyclical component of consumption varies

much more in the pre-WWII era than afterwards.
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Next, we present the results of the structural time-series model discussed in Section 3.2, where

trends and cycles are estimated imposing that their shocks are independent. Table 2 displays the

description of the data in terms of the parameters estimates associated with the log of consumption

(2.7) under alternative periods in it. Estimates are obtained for four distinct periods: pre-WWII

data — 1901-1941, post-WWII data — 1947-2000, 20th Century data — 1901-2000, and the whole

period 1901-2010. It is obvious that uncertainty in the pre-WWII period is much larger than in the

post-WWII period. In the pre-WWII era, the variance of the permanent component is about three

times that of the post-WWII era. Results for the transitory component are even more striking:

about four times.

The estimates of the total welfare costs are presented in Table 3. First, there are major differences

in results for the pre-WWII and the post-WWII era. This is true regarding the welfare cost of

business cycles (associated with transitory shocks), the welfare cost of economic growth (associated

with permanent shocks), and the welfare costs of macroeconomic uncertainty (associated with both

shocks). These differences can reach up to 15 times for reasonable parameter values —β = 0.985, and

φ = 5, for example. Second, regarding the welfare costs of business cycles in the post-WWII period,

our results are very similar to those of Lucas, although the methods of estimation are completely

different. Third, the welfare costs of economic growth can be twice or three times those of business

cycles, while welfare costs of macroeconomic uncertainty can be about 50% larger than those of

economic growth.

We now turn our attention to the analysis of the pre-WWII period (1901-1941). For reasonable

preference parameter and discount values (β = 0.985, φ = 5), welfare costs are 0.31% of consumption

if we consider only permanent shocks and 0.58% of consumption if we consider only transitory shocks,

which roughly translates into US$ 60.00 a year and US$ 120.00 a year, respectively, in current value.

In comparison, the post-WWII era is much quieter: welfare costs of economic growth are 0.106%

and welfare costs of business cycles are 0.037% — the latter being very close to the estimate in

Lucas (0.040%). Results for the whole period 1901-2010 are a combination of those of pre- and

post-WWII eras. For reasonable preference parameter and discount values (β = 0.985, φ = 5) we

get a compensation of 0.48% and 0.27% of consumption, respectively.

We now compare our empirical results with those in Reis (2009). He does not separate the

effects of transitory and permanent shocks, i.e., he computes the welfare cost of all macroeconomic

uncertainty. We compare Table 4 in Reis (sample 1947-2003), where a unit root is imposed for

consumption, with our results for λD for post-WWII data (sample 1947-2000). Using an ARMA

model for the instantaneous growth rate of consumption, Reis finds welfare costs to be roughly

between 0.5% and 5% of consumption, whereas we find much lower estimates — between 0.05%

and 0.15%. When Reis compared his results to those in Obstfeld (1994), there is also a large

difference in estimates, which he attributed to the use of the calibrated effective discount rate

ρ = β∗ + (φ− 1) ln (1 + α1), instead of the subjective discount rate β∗, where β = exp (−β∗). Since
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ρ and β∗ are identical for φ = 1, results in this case are directly comparable: when ρ = β∗ = 0.03,

and thus β = 0.97, Reis reports a welfare cost of 0.31% of consumption, whereas we find 0.083%,

roughly 1/4 of his estimate; for ρ = β∗ = 0.015, and thus β = 0.985, we find 0.16%, whereas Reis

finds 1.25% for ρ = β∗ = 0.01, and 0.61% for ρ = β∗ = 0.02, both much higher than our estimate.

Thus, there must be an additional source of differences at work here10.

Table 4 presents estimates of marginal welfare costs. They are roughly twice the size of welfare

costs reported in Table 3. For the pre-WWII era, and reasonable preference parameter and discount

values (β = 0.985, φ = 5), the marginal welfare costs of economic growth and of business cycles are

respectively 0.627% and 1.169% of per-capita consumption. The same figures for the post-WWII

era are, respectively, 0.212% and 0.074% of per-capita consumption. The latter can be compared to

marginal costs found by Alvarez and Jermann (2004) for 1954-2001: between 0.08% and 0.49% of

consumption, when computed at business-cycle frequencies alone. As we argued above, if one does

not disentangle the effects of permanent and transitory shocks to consumption, there is the risk

of upward biasing the estimate of the welfare costs of business cycles alone. Notwithstanding the

slight difference in sample periods in both cases, the estimates in Alvarez and Jermann are higher

than our estimate for the welfare costs of business cycles —0.074%.

Results for the whole period 1901-2000 are indeed a combination of those of pre- and post-

WWII eras. For reasonable preference parameter and discount values (β = 0.985, φ = 5) we get

a compensation of 0.972% if we consider only permanent shocks. If we take into account only

transitory shocks we get 0.54% of per-capita consumption. Extending the sample period up to

2010, which includes the last global recession, makes little difference in welfare-cost estimates.

Testing whether welfare costs are statistically significant can be done for all sub-samples em-

ployed here. With the exception of welfare costs of economic-growth variation for the 1947-2000

period, all other welfare costs are significantly different from zero.

From the discussion above we can conclude the following. First, current marginal and to-

tal welfare cost of business cycles are small — 1947-2010. Hence, it makes little sense to deepen

current counter-cyclical policies. Second, from the point of view of a pre-WWII consumer, the

marginal welfare costs of business cycles were fairly large. Indeed, for reasonable parameter values

(β = 0.985, φ = 5) they were 1.169% of consumption in all dates and states of nature. Therefore,

from her (his) point of view, it made sense to have had counter-cyclical policies implemented in the

post-WWII era.

Last, but not least, a comparison between the welfare costs of business cycles in the pre-WWII

and post-WWII periods can give some idea of the effectiveness of counter-cyclical policies which

10One possible source is the fact that Reis fits an ARMA model which uses as information set only lagged con-

sumption growth. We use a bi-variate model comprised of consumption and income. Given the evidence of Granger

(1969) causality from income to consumption (a t-statistic of -3.67 for income growth in consumption’s equation) with

post-WWII data, this reduces the variance of shocks to the latter.
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were implemented in the latter period. Considering reasonable parameter values such as β = 0.985

and φ = 5, the welfare cost of business cycles (λP ) decreased from 0.583% to 0.037% of consumption

—roughly a factor of 15. The reduction in the marginal welfare costs of business cycles (λ′P (0)) are

even more impressive: from 1.169% to 0.074% of per-capita consumption. Indeed, if we could credit

these reductions in welfare costs to post-WWII counter-cyclical policies —which, by the way, is a

big if —it is hard to find any type of implemented economic policy in the name of which it could be

claimed such an impressive impact on welfare.

5. Conclusion

Using only standard assumptions on preferences and an econometric approach for modelling con-

sumption, we separate the effects of uncertainty stemming from business-cycle fluctuations and

economic growth variation. We model the trend in consumption as a martingale process, while

fluctuations about the trend are a stationary and ergodic zero-mean process. Trend and cycli-

cal innovations are assumed to be independent sources of uncertainty. This hypothesis allows the

measurement of welfare costs of business cycles and also of economic growth variation.

The whole of the literature chose to work primarily with post-WWII data. However, for this

period, actual consumption is already a result of counter-cyclical policies, and is potentially smoother

than what it otherwise would have been in their absence. Because of this, we use four distinct sample

periods: pre-WWII data —1901-1941, post-WWII data —1947-2000, 20th Century data —1901-2000,

and the whole sample —1901-2010.

For the estimates of the total welfare costs (λP , λT , λD), there are major differences in results

for the pre-WWII and the post-WWII era. This is true regarding the welfare cost of business cycles

(associated with transitory shocks), the welfare cost of economic growth (associated with permanent

shocks), and the welfare costs of macroeconomic uncertainty (associated with both shocks). These

differences can reach up to 15 times for reasonable parameter values —β = 0.985, and φ = 5, for

example. In pre-WWII period (1901-1941), for reasonable preference parameter and discount values

(β = 0.985, φ = 5), we get welfare costs of 0.310% of consumption if we consider only permanent

shocks and 0.608% of consumption if we consider only transitory shocks, which roughly translates

into US$ 60.00 a year and US$ 120.00 a year, respectively, in current value. In comparison, the

post-WWII era is much quieter: welfare costs of economic growth are 0.106% (not significant) and

welfare costs of business cycles are 0.037% —the latter being very close to the estimate in Lucas

(0.040%).

The estimates of marginal welfare costs (λ′P (0) , λ′T (0) , λ′D (0)) are roughly twice the size of

the total welfare costs. For the pre-WWII era, and reasonable preference parameter and discount

values (β = 0.985, φ = 5), the marginal welfare costs of economic growth and of business cycles are

respectively 0.627% and 1.169% of per-capita consumption. The same figures for the post-WWII
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era are, respectively, 0.212% and 0.074% of per-capita consumption. The latter can be compared to

welfare costs estimated by Alvarez and Jermann (2004). For the 1954-2001 period, they find it to

be between 0.08% and 0.49% of consumption, when computed at business-cycle frequencies alone.

As we argued above, if one does not disentangle the effects of permanent and transitory shocks to

consumption, there is the risk of over-estimating the welfare costs of business cycles alone.

We can conclude the following. First, current marginal and total welfare costs of business cycles

are small. Hence, it makes little sense to deepen current counter-cyclical policies. This is true even

including in our sample the data for the last global recession. Second, from the point of view of a

pre-WWII consumer, marginal and total welfare costs of business cycles were fairly large. Therefore,

from her (his) point of view, it made sense to have had counter-cyclical policies implemented then.

Last, a comparison between the welfare costs of business cycles in the pre-WWII and post-WWII

period can give some idea of the effectiveness of counter-cyclical policies implemented in the latter

period. Considering reasonable parameter values such as β = 0.985 and φ = 5, the welfare cost

of business cycles (λP ) decreased from 0.583% to 0.037% of consumption —roughly a factor of 15.

Notice that the reduction in the marginal welfare costs of business cycles (λ′P (0)) are even more

impressive: from 1.169% to 0.074% of per-capita consumption. Indeed, if we could credit these

reductions in welfare costs to post-WWII counter-cyclical policies —which, by the way, is a big if —

it is hard to find any type of implemented economic policy in the name of which it could be claimed

such an impressive impact on welfare.
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Table 1: Cointegration test —Johansen (1988, 1991) Technique

Cointegrating

Vectors under H0 Eigenvalues

Trace

Stat.

5 %

Crit. Value

λmax

Stat.

5 %

Crit. Value

None 0.150 16.44 15.41 16.26 14.07

At most 1 0.0018 0.18 3.76 0.18 3.76
Estimate of the cointegrating vector is: (−1, 1.005) .

H0 : β′ = (−1, 1) , conditional on r = 1, p-value = 0.831.
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Table 2: Consumption —Parameter Estimates in Equations (2.7) and (2.8)

1901-2000 1901-1941 1947-2000 1901-2010
̂ln (1 + α1) 0.0195 0.0152 0.0217 0.0188

(0.0013) (0.0027) (0.0009) (0.0011)

σ̂11 0.0001843 9.71885E-05 4.51548E-05 0.000140286

(0.0000854) (4.06191E-05) (3.88781E-05) (0.0000663)̂̃σ22 0.0010802 0.0023237 0.0001482 0.0011765

(0.0004640) (0.0010908) (0.0000257) (0.0004671)
Note: Standard errors in parenthesis.
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