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1 Introduction

Households’willingness to substitute hours worked across periods in response to temporary

variations in real wages—the aggregate intertemporal real wage labor supply elasticity—plays

a prominent role in the response of aggregate economic variables to a variety of shocks. That

elasticity needs to be rather large to validate the hypothesis that total factor productivity

shocks are the major source of economic fluctuations at business cycle frequencies in stochas-

tic versions of the Solow growth model with endogenous labor supply considered by Kydland

and Prescott (1982). The magnitude of that elasticity is also relevant for policy-related is-

sues, such as the assessment of the fraction of tax cuts self-financed through endogenous

labor supply feedback effects.

Given its importance for validating or dismissing alternative interpretations of the busi-

ness cycle, it is perhaps not surprising that the value of the intertemporal substitution elas-

ticity of hours worked has been the subject of great controversy ever since Lucas and Rapping

(1969) inferred it from macroeconomic variables to be 1.4, three times larger than that esti-

mated by microeconomic studies. The debate was originally sparked by the fact that the pa-

rameter capturing the aggregate labor supply elasticity in Lucas and Rapping resembled, as

seen with particular clarity in MaCurdy (1985), that with which those microeconomic studies

typically estimate the so-called Frisch elasticity, that is, the marginal-utility-of-wealth-held-

constant real wage elasticity of hours worked by already employed individuals. It didn’t take

the profession long to realize, however, that the resemblance was misleading, because the

Frisch elasticity parameter typically estimated by the microeconomic literature measures the

real wage elasticity of hours worked along the intensive margin of the labor decision, while

the one estimated by Lucas and Rapping included the extensive margin of that choice as

well.

The contentious issue of the theoretical underpinnings of Lucas and Rapping’s pragmatic

approach to measuring the aggregate labor supply elasticity with a single parameter, inclu-
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sive of both the intensive and extensive margins, was tackled by Rogerson (1984, 1988) and

Hansen (1985). A key implication of those authors’aggregation theory is that all macroeco-

nomic models hoping to understand the nature of the business cycle need to do in order to

accommodate the omission of the latter margin in their analysis is to adjust upward the value

of that single Frisch elasticity parameter, relative to the estimates obtained in microeconomic

studies.

Despite objections to the empirical relevance of the required assumptions, the simplicity

and tractability of the Hansen-Rogerson single parameter device to capture both margins of

the labor supply quickly gained traction in the profession, as proven by the large proportion

of dynamic stochastic general equilibrium models that appeal to it to gauge, with different

methodologies, the aggregate intertemporal substitution elasticity of labor.

The present paper deliberately sticks to that tradition to step into the debate prompted

by the empirical issue that the Hansen-Rogerson aggregation theory failed to resolve: by

how much should one increase the low values of the Frisch elasticity typically obtained by

microeconomic studies in macroeconomic models whose implications depend critically on the

size of that adjustment. The paper sets out to revisit this issue, informed by the arguments

and counterarguments offered in the heated exchanges prompted by it and by the evidence

associated with an unusual fiscal policy development, the temporary non-negligible cuts in

government discretionary expenditures prescribed by U.S. legislation that triggered a budget

sequestration administrative procedure in 2013.

The reason to focus on that fiscal policy regime change, referred to hereafter as "budget

sequestration," is that, based on arguments offered later, it had the same "natural experi-

ment" features of the fiscal policy developments that led Prescott (2004) and Chetty, Guren,

Manoli, and Weber (2013) to conclude that the Frischian labor supply elasticity is high, in

the order of 3.0, or rather low, in the order of 0.75, respectively.

Interestingly enough, the discrepancy cannot be attributed entirely to methodological
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differences, because both papers inferred the Frisch elasticity value by respecting the "cali-

bration approach" rules of the game. The guiding principle behind the calibration approach

has been forcefully stated by Prescott (1986): "parameters cannot be specific to the phenom-

ena being studied." According to this view, parameter values that pay a crucial role in the

answer to a macroeconomic question must be independently validated by their ability to

account for an unrelated phenomenon. Later on in the same paper Prescott hinted at the

possibility that such independent verification could be achieved by exploiting fiscal policy

differences across countries and/or time.

Paying heed to his own advice, Prescott (2004) proceeded nearly thirty years later to

calibrate the value of the parameters controlling the aggregate intertemporal elasticity of

labor substitution to that which, under certain assumptions, accounted for the differences

in the households’allocation of time to work in countries with different labor income tax

rates. Prescott’s (2004) inferred value of 3.0 for the aggregate Frisch elasticity happened to

be as high as needed to render innovations to total factor productivity the major source of

economic fluctuations in versions of the model economy he studied with Kydland in their

cited 1982 paper.

Following Prescott’s lead, Chetty et al. (2013) applied the same calibration approach to

infer the magnitude of the aggregate labor supply elasticity from fiscal policy developments

with "natural experiment" features implemented in Iceland in 1987, and in Canada in the

1990s. They computed the labor supply responses predicted by the macroeconomic model

developed by Rogerson and Wallenius (2009) to the tax and subsidy changes that those

countries introduced for a limited period of time. From the comparison of simulated outcomes

to actual ones, Chetty et al. (2011) recommended "to calibrate representative agent macro

models to match a Frisch elasticity of aggregate hours of 0.75." This modest aggregate Frisch

elasticity value significantly reduces the ability of total factor productivity shocks to account

for business cycles implied by Prescott’s much higher calibrated value.
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In the light of those contradictory findings, this paper couldn’t resist the temptation of

scrutinizing, with a methodology in the spirit of the calibration approach, which one of several

aggregate Frisch elasticity values proposed in the literature is most favored by the evidence

associated with the budget sequestration "experiment" that came into effect in 2013. It does

so, however, with a metric, the value of the likelihood function implied by different Frisch

elasticity values, that takes into account criticism of the "estimation" school of thought that

argues that, despite its independent verification appeal, the calibration approach doesn’t

make use of the statistical metrics, typically imparted by the proposed stochastic model

economy, to establish the extent to which the evidence favors certain values of unknown

parameters over others.

Before providing an overview on how the paper blends those two alternative quantitative

methodologies into one suitable for accomplishing its goal, it is important to provide a

rationale for the model economy adopted as a measuring device.

The model selection was partially inspired by the observation in Ljungqvist and Sargent

(2011) that the high Frisch elasticity value inferred by Prescott can be traced in large part

to the omission of government supplied non-employment benefits from the analysis. Once

included, a Frisch elasticity of 3.0 predicts that hours worked will be much larger than

observed in the European countries he examined. The key message that Ljungqvist and

Sargent extract from this counterfactual prediction is that the large intertemporal elasticity

of labor substitution eventually built into a model may be disarmed by institutional features

of the environment, taxes, nonemployment subsidies and, more generally, government policies

that alter the fraction of individuals indifferent about working and not working.

This paper takes that observation as a proposal for a research agenda guided by the

principle that attempts to measure the aggregate Frisch elasticity must be conducted with

models simultaneously capable of gauging the frictions in labor and capital markets present

in the actual economies under study. For that reason, this paper constructed the model
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economy along the lines of the Business Cycle Accounting (BCA) approach pioneered by

Chari, Kehoe, and McGrattan (2007)– (CKM). This approach is particularly well suited

to the task, because it introduces into the frictionless neoclassical growth model auxiliary

variables ("wedges") that stand in for a variety of distortions potentially important for the

correct interpretation of business cycles and other phenomena.

An additional attribute of the BCA approach is that when the economic agents’optimal

decision rules are approximated with standard first order perturbation techniques, it renders

itself easily to a state-space representation of the model economy that almost naturally

invites one to combine elements of both the "estimation" and "calibration" traditions with

a methodology particularly instrumental for the goal of this paper. The organizing principle

behind that methodology is that different Frisch elasticity values, along with a consistent set

of parameters estimated as indicated later, are more likely than others to have induced in

macroeconomic aggregates the dynamics observed during the budget sequestration period.

The methodology developed by the paper involves two stages. Both of them will appeal

to standard first order perturbation techniques to approximate the economic agents’optimal

decision rules around the non-stochastic steady state of the economy. The second stage,

however, will take into account that those rules will not be invariant to the policy regime

change represented by the budget sequestration spending cuts.

Of course, the decision rules depend on unknown states and parameter values that need

to be somehow estimated. It is important to emphasize at this point, however, that the

Frisch elasticity will not be included in the set of parameters to be estimated, given that

the goal of the paper is to check which of the existing estimates more commonly invoked

as empirically relevant in the literature account best for the performance of macroeconomic

variables induced by the budget sequestration. To that effect, the paper will implement both

stages of the methodology for each of five of such existing Frisch elasticity estimates, in the

range of 0.5 to 3.0, selected with the arguments provided in section 4.4.
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The first stage of the methodology proceeds to estimate, for each selected Frisch elas-

ticity value, the unknown state variables and parameters of the model economy with a

rather standard maximum likelihood implementation of the Kalman filter. Such implemen-

tation is made quite straightforward by the state-space representation of the model economy

induced by the approximation of the decision rules as indicated above, as well as by appro-

priate assumptions about the stochastic processes governing the evolution of the wedges and

other exogenous variables. Mindful of the calibration principle, the estimation is performed

with available data only up to 2012, excluding observations after 2013 when macroeconomic

variables started to register the effects of the budget sequestration, according to evidence

discussed in section 2.

The outcome of this first stage of the methodology are five sets of estimates of unknown

states and parameters that are statistically consistent with each of the corresponding values

assumed for the Frisch elasticity. Given that the debate about the value of that elasticity has

been largely prompted by its implications for the adjudication of the economic fluctuations at

business cycle frequencies to different sources, the paper proceeded to calculate the standard

business cycle statistics induced by each of those combinations of parameter estimates.

It turns out that, according to the "method of simulated moments" metric often used

in the literature, the combination of parameter estimates indexed by the highest value of

the Frisch elasticity considered, 3.0, is the one which maximizes the fraction of the busi-

ness cycle accounted for by total factor productivity shocks. From the perspective of the

calibration principle, however, setting the aggregate Frisch elasticity parameter to that high

value just because it is the most favorable to total factor productivity shocks as a source of

the business cycle amounts to a tautology, unless independently validated with an unrelated

phenomenon.1

This is where the paper could not let pass the opportunity to apply the calibration

1It is for that reason that Prescott (1986) refused to accept the much higher aggregate Frisch elasticity
value of 5.0 estimated by Eichenbaum, Hansen, and Singleton (1984).
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principle to the budget sequestration spending cuts that became effective in the U.S. in

2013. As described, the paper takes the stand that the trigger of those cuts took economic

agents by surprise, justifying with arguments similar to those offered by Chetty et al. (2013)

the calibration of the value of the aggregate Frisch elasticity to that which accounts best,

among those considered, for the performance of macroeconomic aggregates during the budget

sequestration period. This paper imposes the requirement that the criterion by which that

is established should not ignore the statistical metrics implied by the model, as vigorously

demanded by the estimation school of thought. That requirement is accomplished in the

second stage of the methodology by ranking the ability of the different Frisch elasticity values

considered and their associated estimated state variables and parameters from the first stage,

by the value of the likelihood of the observable variables in the years for which the budget

sequestration was in place, after appropriately taking into account the new economic agents’

optimal decision rules induced by the policy regime change.

According to the resulting ranking, the responses of macroeconomic aggregates to a fis-

cal policy development mimicking the conditions of a natural experiment, measured with a

methodology that incorporates the estimation and calibration empirical perspectives, bet-

ter favors the low than the high aggregate labor supply elasticity value that Chetty et al.

(2011) and Prescott (2004), respectively, calibrated as well to fiscal policy related evidence.

This finding is certainly consistent with the low to moderate magnitude of that elasticity

that various studies have inferred or estimated from microeconomic data or from aggre-

gate variables, such as those by Heathcote, Storesletten, and Violante (2010, 2014), Fiorito

and Zanella (2012), and Ríos-Rull, Schorfheide, Fuentes-Albero, Kryshko, and Santaeulàlia-

Llopis (2012).

The rest of the paper is organized as follows. Section 2 goes over some background

material and chronology of events regarding the fiscal policy regime change prescribing the

cuts in U.S. government spending that motivated the question the paper seeks to answer.
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Section 3 discusses the main ingredients of the model economy, as well as the measurement

and specification issues that had to be addressed to improve the accuracy of the inferences

about the value of the aggregate Frisch elasticity obtained by the paper. Section 4 rigorously

lays out the model economy. Section 5 presents an overview of the quantitative methodol-

ogy proposed by the paper, goes over the details of implementation of the estimation stage

of that methodology, discusses the business cycle implications of the different sets of para-

meter estimates obtained in that stage, and explains how the subsequent calibration stage

scrutinizes which of those combination of parameter estimates, indexed by a corresponding

existing estimate of the aggregate Frisch elasticity, is more consistent with the responses

of observable macroeconomic variables during the budget sequestration period. Section 6

reports the findings. Section 7 offers concluding remarks.

2 The Budget Sequestration Spending Cuts

2.1 Relevant Chronology and Details

In the U.S., the government can borrow to finance any shortfall of revenues relative to

expenditures up to a certain "debt ceiling" set by Congress. The authorization step is usually

a formality, as it simply provides the U.S. Treasury the means to pay for government spending

previously agreed upon. That was not the case, however, in January 2011, when the U.S.

Treasury request for a debt ceiling increase was opposed by lawmakers concerned with the

explosive debt scenario that the Congressional Budget Offi ce (CBO hereafter) had projected

in a June 2010 report. These legislators demanded that any increase in the debt ceiling should

be accompanied with fiscal deficit reduction measures that prevented the materialization of

that debt scenario. There was, however, much disagreement over the specific measures and

the prolonged negotiations brought the U.S. to the brink of a sovereign debt default. A

last minute deal, the Budget Control Act signed into law on August 2, 2011, avoided that
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outcome but included two unusual provisions intended to prevent the government debt from

exploding.

One created a bipartisan Joint Select Committee on Deficit Reduction in charge of pre-

scribing measures to reduce fiscal deficits in a cumulative amount of $1.5 trillion (about 10%

of GDP at the time) over fiscal years 2012-2021. The other unconventional provision was

a contingent clause stipulating that if the Joint Committee failed to propose, or Congress

failed subsequently to enact, legislation to cut the deficit by at least $1.2 trillion by January

15, 2012, existing caps on budget authority to spend would be reduced in that cumulative

amount, including savings in servicing the government debt, starting in January 2013 and

continuing through fiscal year 2021. In practice, this contingent clause meant that the fiscal

stabilization that the Budget Control Act sought to ensure would be delivered either by

the deliberate measures eventually proposed by the Joint Select Committee or by automatic

spending cuts evenly split between discretionary defense and non-defense programs.

From an operational point of view, the budget sequestration procedure prescribed in

the legislation was necessary to revoke or "sequester" previously authorized expenditures

above the new spending caps. This is the reason why all the spending cuts eventually

triggered by the contingent clause will be generically referred to throughout the paper as

budget sequestration spending cuts, even if not all of them applied to already authorized

expenditures.

An important detail for building a model economy that adequately captures critical

features of the actual one under study is that it was understood that the sizable federal

government outlays on civil and military payrolls would be largely excluded from budget

sequestration. The measure wasn’t projected, therefore, to notably affect public sector em-

ployment. In addition, the Budget Control Act also shielded most mandatory programs from

the sequester. These two exclusions made it possible to treat output in the model economy

as produced exclusively by the privately owned firms and address therefore, with the proce-
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dure proposed by Gomme and Rupert (2007), measurement inaccuracies with the potential

to distort the inferences about the value of the aggregate Frisch elasticity obtained with the

"event study" approach adopted in this paper. As will become clearer later, the only effect

of variations of government spending in the modified "private sector only" economy is to

increase or decrease the public sector absorption of private sector output.

According to the Congressional Budget Offi ce (2012), if implemented, the budget seques-

tration spending cuts would lower that absorption as a share of GDP to the lowest levels

on record.2 Despite the incentives to avert this, in principle, unpalatable extreme spending

austerity, the Joint Committee announced on November 2011 that, "after months of hard

work and intense deliberations", it had concluded that it wouldn’t be possible to reach an

agreement on an alternative fiscal deficit reduction package before the January 15, 2012

deadline specified in the Budget Control Act.

Still, the fact that the cuts would reduce discretionary spending as a share of GDP to

levels not seen before, eventually impairing the ability of government agencies to adequately

perform core functions, kept alive throughout all of 2012 the hopes that Congress would

eventually act to avoid them. Such hopes weren’t misplaced, given that lawmakers were

considering whether or not to extend tax cuts enacted in 2001 and 2003 due to expire

precisely that year. It was plausible to speculate that the negotiations inevitably required to

change the tax code would offer legislators a golden opportunity to come up with alternative

deficit reduction measures that met the conditions to cancel, or at least suspend, the budget

sequestration. Such speculation may have been reinforced by repeated public statements

from Congress and even the President insisting on their determination to find a compromise.3

It is reasonable to conjecture, then, that at the end of 2012 economic agents were highly

2 More specifically, in table 1-1 of the cited CBO report, discretionary spending at the end of the seques-
tration period, in 2021, was projected to represent 5.7 of GDP, the lowest level since at least 1972.

3According to press reports, the Department of Defense, one of the federal agencies that would be hit
particularly hard by the spending cuts, wasn’t making any contingent plans to deal with them as late as
September 2012.
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skeptical that the unusually large and long-lasting budget sequestration spending cuts would

be ever implemented. The paper also takes the stand that that perception changed when the

Taxpayer Relief Act enacted in the dawn of 2013 extended some expiring tax cuts, but failed

to take any substantial action with respect to the spending cuts, other than postponing their

implementation from the originally slated date, January 2, 2013, to March 1, 2013. These

assumptions are not mere speculation, as their empirical plausibility was investigated and

established by Hu and Zarazaga (2018) with a version of the model economy that differs

from the one in the present paper in some specification and implementation details.

2.2 Estimated Size of the Budget Sequestration Spending Cuts

As could be expected, the inferences about the value of the Frisch elasticity obtained by

examining the performance of macroeconomic variables under the influence of the budget

sequestration spending cuts will depend on the magnitude and distribution over time of

those cuts in real terms. That information is not readily available, because government

budgets are typically approved in nominal terms. Even then, the transformation of nominal

spending cuts into real ones requires one to make assumptions about the evolution of the

inflation rate over the budget sequestration period. In addition, it is necessary to make

assumptions about the growth rate of private sector output, because in the model economy

the spending cuts will be introduced as a policy regime change that shifts downwards, for

its duration, the stochastic process otherwise governing the evolution of the ratio of the

government absorption of goods and services to that output.

In any case, the calculation of the statutory spending cuts implied by the budget seques-

tration in real terms must start from a reliable sequence of nominal ones, fortunately made

available by the Congressional Budget Offi ce (2013), as summarized in the second column

of Table 1.

Given that the Budget Control Act was motivated by the desire to stabilize the govern-
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ment debt-output ratio, it seems reasonable to assume that the size of the nominal spending

cuts was determined by the target of reducing fiscal deficits by an amount equivalent to a

certain percentage of output. It follows that that legislation must have taken into account

that the ability of those cuts to achieve that target would be ultimately determined by the

projected growth of nominal output.

Table 1: Annual government spending cuts implied by the Budget Control Act

Year $ billion (*) % of private sector output (**)
2013 35 0.24
2014 75 0.50
2015 85 0.54
2016 89 0.55
2017 90 0.54
2018 90 0.52
2019 89 0.49
2020 88 0.47
2021 87 0.45
Sources: (*) CBO (2013), p. 10 and Table 1-5, p. 27.

(**) Authors’calculations.

It made sense therefore to conjecture that, in mandating the nominal government spend-

ing cuts documented above, U.S. lawmakers counted on the Federal Reserve to keep the

inflation rate close to the 2% annual target.4 The calibration of the model economy, pre-

sented later, suggests that it was realistic at the time to also project annual real output

growth rates of around 1.5%. The two rates combined imply a 3.5% annual growth rate of

nominal output over the budget sequestration period.

Accordingly, the spending cuts in real terms per unit of output implicitly targeted by

the Budget Control Act, presented in the last column of Table 1, were "reverse engineered"

4This assumption is consistent with the projections of several inflation rate indicators adopted by the
CBO, as reported in Table B-1, p. 64, of the same publication cited as the source of the data for Table 1.
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with the standard procedure of dividing their explicitly stipulated nominal counterparts by

the private sector nominal GDP in 2012 and subsequently deflating the resulting figures by

the projected nominal growth rate of output inferred above.5

It is worthwhile pointing out that according to available data as of the time of this writing

shown in Figure 1, the government absorption of private sector output declined to historically

low levels while the provisions of that legislation were in place, favoring the interpretation of

the paper that the spending cuts prescribed by it constituted a policy regime change, rather

than a manifestation of the regular ebbs and flows previously displayed over time by that

variable.

The Budget Control Act did not stipulate spending caps past the year 2021, so it didn’t

impose any legal restrictions on the level of government absorption of goods and services as

a share of private sector output in the long run. This long run value is needed, however, to

inform the computation of the steady state equilibrium of the model economy and, therefore,

5Nominal private sector GDP in 2012 was $14,126 billion, as estimated from the NIPA prepared with the
comprehensive methodological revision introduced in 2013.
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of the decision rules ultimately determining the response of macroeconomic aggregates to

the government spending cuts under consideration.

The narrative of the previous section, however, lends support to the hypothesis that

economic agents perceived the budget sequestration as a fiscal stabilization measure of last

resort and, as such, not intended to persist beyond the period explicitly established in the

legislation. Accordingly, the paper assumes that at the end of the budget sequestration

period, the government absorption of goods and services as a share of private sector output

returns to its historical average, as measured in section 4.4 of the paper.

The empirical plausibility of that assumption was subsequently validated by the Tax

Cuts and Job Acts of 2018, which cancelled altogether the discretionary spending cuts for

the remaining years stipulated in the Budget Control Act. In fact, the temporary nature

of the cuts had been implicitly revealed by previous legislation, the Bipartisan Budget Act

passed at the very end of 2013, and the Bipartisan Budget Act of 2015, which reduced the

size of the spending cuts, relative to those documented in Table 1.

Of course, the modification to the original spending cuts just mentioned had to be taken

into account in the quantitative methodology proposed by the paper. For that reason,

the updated sequence of future spending cuts in real terms implied by the legislation just

mentioned as of the beginning of each year between 2013 and 2016 are documented in Table

2. Notice that the second column of the table simply reproduces the figures in the last

column of Table 1. A procedure entirely analogous to that used for that table was followed

to estimate the figures in the remaining columns of Table 2 from the nominal spending cuts

stipulated by the relevant legislation, as reported in CBO (2014) and CBO (2016).

The fact that the spending cuts originally prescribed by the 2013 Budget Control Act

were first reduced in size and then terminated by subsequent legislation raises the issue of

the extent to which economic agents believed that those cuts would be implemented, in size

and duration, as scheduled at the beginning of each year of the period 2013-2016 for which
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Table 2: Discretionary spending cuts as percent of private sector output

Prescribed as of beginning
Year of year Actually

2013 2014 2015 2016 implemented
2013 0.24 0.24
2014 0.50 0.25 0.25
2015 0.54 0.43 0.42 0.42
2016 0.55 0.55 0.54 0.24 0.24
2017 0.54 0.54 0.53 0.35 0.35
2018 0.52 0.52 0.51 0.51
2019 0.49 0.49 0.49 0.49
2020 0.47 0.47 0.47 0.46
2021 0.45 0.45 0.45 0.44
Sources: Authors’calculations, from raw data
in CBO (2014), p. 21, and CBO (2016), p. 10

all the data required by the methodology of this paper were available at the time of this

writing. This suggested the need for a sensitivity analysis of the results obtained in the

benchmark scenario considered by the paper, which assumes that economic agents expected

that the reduction of government spending would be implemented in the terms implied by

the Budget Control Act.

To that effect, two alternative scenarios were considered. In one of them, it was assumed

that economic agents expected that the cuts would be half the size of those scheduled as of

the beginning of each year, from 2013 to 2016, as documented in the corresponding column of

Table 2. In the other scenario, it was assumed that households and firms perfectly anticipated

the reduction of government expenditures that actually took place between 2013 and 2017

recorded in the last column of that table.
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3 Overview of the Model Economy and Adapted BCA

Approach

Given that the neoclassical growth model is in the background of the debate about the mag-

nitude of the aggregate Frisch elasticity, the paper confines the specification of preferences,

technology, and government policies to those in the class consistent with balanced growth,

as characterized by King, Plosser, and Rebelo (1988a, b).

The arguments offered by Ljungqvist and Sargent discussed in the introduction suggest,

however, that such an analytical framework will not be particularly useful to resolve the

disputes about the value of that elasticity, unless it somehow incorporates features of the

actual economies that distort the households and firms economic decisions, relative to those

they would have made in a frictionless economy. These considerations led almost naturally

to reformulate the neoclassical growth model with the BCA approach proposed by CKM.

As is well known, the approach was specifically designed to parsimoniously capture pos-

sibly empirically relevant frictions present in actual economies with ancillary variables or

wedges that close the gaps that appear in optimality and equilibrium conditions when the-

oretical variables are replaced by their empirical counterparts. The paper takes seriously,

therefore, the explicit advice in Chetty et al. (2013), implicit as well in the arguments by

Ljungqvist and Sargent presented earlier, that incorporating wedges to the analysis may

yield additional insights on the debate prompted by the many attempts to infer the aggre-

gate labor supply elasticity with different methodologies and sources of evidence. In any

case, it is worthwhile to highlight other advantages of the BCA approach specific to the

purposes of this paper.

First, because the approach builds the model economy around the structural framework of

the well-established neoclassical growth model, it addresses Attanasio’s (2013) concern that

the evidence examined by microeconomic studies might be misinterpreted without accounting
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for the general equilibrium effects of economic shocks and policy regime changes.

Second, related to the previous advantage, it explicitly incorporates the capital stock into

the analysis and eliminates, therefore, a potential bias in the Frisch elasticity estimates from

Chetty et al. (2013), whose measuring device is the model without capital accumulation

proposed by Rogerson and Wallenius (2009). As is well known, intertemporal variations in

the labor supply arise in part from deviations of the capital stock from its trend. Thus, one

possible reason for the weak response of aggregate hours in Canada and Iceland in the policy

episodes analyzed by Chetty et al. (2013) might be that those countries’capital stocks were

above trend.

Third, as already mentioned, the BCA approach renders itself to a state-space repre-

sentation of the model economy, which can be easily adapted to infer the aggregate Frisch

elasticity value favored by the budget sequestration evidence with a methodology that draws

its elements from the estimation and calibration points of view regarding the assignment of

values to unknown model parameters.

A fourth advantage is that, by construction, the wedges introduced by the BCA approach

replicate the data exactly, a feature that the methodology developed by the paper will exploit

to rank the alternative Frisch elasticity values considered by their relative ability to account

for the observed performance of macroecomomic variables during the budget sequestration

period.

These advantages notwithstanding, the BCA approach as originally implemented by

CKM wasn’t quite appropriate for the purposes of this paper and had to be modified ac-

cordingly. One of the implementation details that needed to be adjusted was that those

authors included net exports in their "government consumption wedge". This consolidation

is inadequate for the methodology developed in this paper, given that its ability to extract

the value of the aggregate Frisch elasticity most consistent with the evidence associated with

the budget sequestration spending cuts will hinge critically on distinguishing the responses of
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macroeconomic variables to that policy shock from those induced by external sector shocks.

The need for that distinction forced the treatment of net exports as a different wedge.

Although dictated by methodological considerations, a beneficial by-product of the separa-

tion of this wedge from the government spending wedge is the improvement of the mapping

between the actual economy and model economy. The introduction in the latter of an

external-like sector with the "minimalist" approach proposed by Trabandt and Uhlig (2011)

captures, in an admittedly crude way, the interactions of the U.S. economy with the rest of

the world that would have been much more challenging to model and parameterize explicitly.

Recall also that, for the reasons given in section 2.1 and discussed in more detail in section

3.1 below, the government spending wedge in the model economy measures the government

absorption of private sector output, rather than government value added as in CKM.

The quantitative implementation of the analytical framework proposed above required

also dealing with a number of issues regarding the measurement of variables and the specifi-

cation of preferences and technology that, if not properly addressed, could have a detrimental

impact on the assessment of the value of the aggregate Frisch elasticity most consistent with

the evidence examined in this paper. Before getting into those rather technical details in

the next section, it will be useful to provide a brief intuitive account of the economic mecha-

nisms activated by the budget sequestration that will, in principle, allow the model economy

and methodology developed in the paper to tease out the value of that elasticity from the

evidence associated with that policy regime change.

As discussed in section 2.1, the reduction of government absorption of private sector out-

put mandated by the Budget Control Act leaves more of that output available to households

and firms. The standard wealth effect mechanism should induce a rise in consumption and

leisure time when these variables are normal goods. As households reduce the fraction of

time devoted to work, output falls. On the other hand, given the temporary nature of the

decline of government absorption, the standard consumption-smoothing motive gives house-
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holds the incentive to work and save more precisely during the time when less of the output

they produce is taken away by the government. The net result of these forces in the general

equilibrium framework of the model economy proposed above will depend on the values of

the labor-held-constant intertemporal elasticity of consumption, of the aggregate Frisch elas-

ticity, and of the parameters of the stochastic processes of the wedges. Alternative sets of

values for those parameters, made statistically consistent with each other with calibration

and/or estimation methods, will induce different configurations of the wedges during the

budget sequestration period. The likelihood of those configurations, each associated with a

particular value of the aggregate Frisch elasticity, can then be calculated to identify which is

most favored by the responses of key macroeconomic variables to the spending cuts policy.

3.1 Measurement Issues

As repeatedly indicated, the inferences on the value of the aggregate Frisch elasticity ob-

tained in this paper will be guided by the premise that the natural experiment characteristics

of the spending cuts initiated in the U.S. in 2013 imparted on key macroeconomic variables

responses that contained valuable information about that elusive value. Given the scarcity of

such observable variables from which that information could be extracted with the adopted

event study approach, it was important to take extra precautions to minimize as much as

possible errors in measuring them. To that effect, the paper corrects in the manner discussed

in this section measurement errors that are typically ignored in other macroeconomic stud-

ies, on the belief or certainty that they are largely inconsequential for the question being

addressed or washed away by the many more observations available to answer it.

One source of those commonly overlooked errors is the lack of correspondence between

the variables in the model economy and their empirical counterparts. The discrepancy

should be of particular concern when government activities– in the form of reduction of

government spending of goods and services in the present paper– play a critical role in the
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analysis, and the output originated in those activities represents a significant fraction of

overall output. For the case of the U.S., that fraction was 19% on average over the period

1977-2007 considered to calibrate many of the parameters of the model economy. Such a

percentage is large enough to distort estimates of the Frisch elasticity obtained with a model

economy built on the assumption, as is the case of the one proposed in this paper, that the

quantities of all types of goods and services produced and utilized in the actual economy

reflect the interaction of optimizing private agents that value them at market prices, when

in reality that is not the case of the mostly non-market activities typically conducted by

government agencies.

Gomme and Rupert have proposed to mitigate this conceptual mismatch by adjusting

the data in a manner consistent with the behavior of economic agents assumed in the model

economy. Several steps are involved in this adjustment, but the one that is important to

highlight for the purposes of this paper is that since the model economy assumes that all

output is produced by profit-maximizing firms, the appropriate counterpart in the actual

economy is constructed by subtracting from real GDP the value added by the government

in the process of producing non-market goods and services. This "private sector economy"

approach is not an obstacle to make inferences about the Frisch elasticity values from the

responses of macroeconomic variables to the budget sequestration spending cuts because,

as mentioned earlier, those cuts fell mostly on the government absorption of the goods and

services produced by the private sector, rather than on the value added by the government,

mostly made up by the compensation of the labor services provided by government employ-

ees.

The data necessary to obtain as just indicated the historical series of private sector output

are available at an annual frequency only since 1977 and up to 2016 as of the time of this

writing. The evidence examined in this paper pertains, therefore, to the period 1977-2016.

Details on the data sources have been provided in Appendix A.

20



Further adjustments to the National Income and Product Accounts (NIPA) are neces-

sary to make the data consistent with the conceptual entities in the model economy, but a

thorough discussion of them is tedious and would detract from the main focus of the pa-

per. Interested readers will be able to find the relevant details in the online supplementary

material to Kydland and Zarazaga (2016).

The balanced-growth assumption required to make other types of adjustments to the

data, unrelated to their possible contamination with measurement errors. In particular,

that assumption imposes the restriction that all forms of technological progress must ad-

mit a labor-augmenting representation. For the reasons given in Greenwood, Hercowitz,

and Krusell (1997), a necessary condition to meet that requirement is that the appropriate

macroeconomic variables must be measured in units of the consumption good. This was

accomplished by dividing the corresponding nominal variables counterparts by a price index

of non-durable goods and services.

Furthermore, although the model economy is assumed to display total factor produc-

tivity and population secular deterministic growth, for computational reasons it was more

convenient to represent it as an economy without growth. To that end, all variables that

would otherwise display secular growth in the actual economy were detrended by the growth

rate of total factor productivity and of the population 16 years of age and older. This trans-

formation is inconsequential for the quantitative properties of the impulse-responses and

transitional dynamics of the model economy.

In theory, labor input exhibits a stationary behavior along the balanced-growth path

and doesn’t need, therefore, to be detrended. In practice, however, that has not been the

case in the U.S., where households have allocated on average a growing fraction of their

available time to work between the end of the Second World War and the beginning of the

21st century. This theory-contradicting performance was largely the result of an increase

in women’s labor force participation rate that the economics profession has had a hard
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time attributing exclusively to economic factors. This upward trend reversed itself in the

opposite direction, however, around the time the Great Recession struck in 2008, because by

coincidence it was then that the disproportionately large generation of baby boomers started

to reach retirement age and withdraw, therefore, from the labor market.

In the presence of those long-lasting swings of labor input, treating its trend as a constant

value would have resulted in a serious mismeasurement of the deviations of this variable from

its steady state. Leaving them untreated would have been detrimental for the accuracy of

the inferences about the value of the aggregate Frisch elasticity drawn with the methodology

developed by the paper, which includes those deviations in the vector of the observable

variables used to that end.

In the absence of a clear guidance from theory, the underlying labor input trend was esti-

mated by interpolating the trend implied by a Hodrick-Prescott filter and the demographically-

adjusted labor input trend calculated by Zarazaga and Mihaylov (2018).

The application of the procedure required to estimate the steady-state value of the frac-

tion of available time that households are at work, which was assumed to be 0.2265, the

average for that fraction observed between 1948 and 2016. The resulting adjusted labor

input series is documented in Figure 2.

3.2 Specification Issues

On the model specification front, the choice of the utility function representing the stand-in

household’s preference ordering over consumption and leisure was dictated by the conve-

nience of minimizing as much as possible the approximation errors unavoidably emerging

from the computation of the economic agents’decision rules with a first order perturbation

technique.

For the reasons hinted at in the introduction, this consideration immediately ruled out

the utility function specification adopted by Prescott (2004), which implies that the Frisch
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elasticity is a function of the labor-held constant intertemporal substitution of consumption,

labor income taxes when present and, importantly, the fraction of available time households

devote to work. As a result, the perturbation computational method, which approximates the

private sector’s decision rules around the non-stochastic steady state, would automatically fix

the value of that elasticity to the one determined by the steady value of the parameters just

mentioned. In this case, meaningful inferences about the magnitude of the Frisch elasticity

can only be obtained exploiting, as Prescott did, the different steady state fraction of time

that households allocate to work in countries with different tax rates. There is nothing to

be inferred, however, about the magnitude of that parameter when the available evidence is

limited to that provided by the transitional dynamics of macroeconomic variables induced

by a fiscal policy regime change, such as the one considered by this paper.6

It is to circumvent that "inference irrelevance" problem that the paper adopted the

Constant Frisch Elasticity utility function specification, widely used in the macroeconomic

6It is for this reason that Ríos-Rull et al. (2012) question the usefulness of the utility functions considered
by Prescott and others for measuring the willingness of households to substitute hours worked across time.
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literature precisely because it breaks the tight link between the value of the Frisch elasticity

and the fraction of time devoted to work in steady state, without losing the compatibility

with balanced growth of the alternative utility function discussed in the previous paragraph.

In addition, to facilitate comparison of the results with those obtained by Chetty et

al. (2013) and Prescott (2004), it was further assumed that preferences are separable in

consumption and leisure, with the obvious implication that the conclusions of the paper

will be conditional on the leisure-held constant intertemporal elasticity of substitution in

consumption being equal to one.

4 The Model Economy

Having completed the motivation for the elements of the model economy in the previous

section, it is appropriate to explain next how they are formally introduced into it.

4.1 The Stand-in Household’s Choice Problem

The model economy is assumed to be inhabited by an infinitely-lived household, which stands

for the large number of them present in the actual economy, and who ranks alternative

streams of detrended consumption per working age member of the population, {ct}∞t , and

leisure services, {lt}∞t , with the following time and state separable utility function in the

Constant Frisch Elasticity class:

ln(ct)− κ(1− lt)1+
1
ϕ ,

where t stands for an index of discrete time, t = 0, 1, ...,∞, κ > 0 is a parameter that controls

the household’s valuation of nonmarket productive time, and ϕ the constant aggregate Frisch

elasticity.
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The representative household is assumed to maximize the discounted sum of lifetime

utility, subject to budget and physical capital accumulation constraints. Accordingly, it

solves the following maximization problem:

Max
{ct, ht, kt+1}

Es

∞∑
t=s

β(1 + η)t
[
ln(ct)− κ(1− lt)1+

1
ϕ

]
, (1)

subject to the following constraints:

ct + xt = (1− τht )wtht + rtkt − τ kt (rt − δ)kt + nit + τ t, (2)

xt = (1 + η)(1 + γ)kt+1 − (1− δ)kt, (3)

1 = lt + ht, (4)

ht = hprt + hput , (5)

government policies, (6)

where β > 0 is the discount factor, η is the working age population annual growth rate,

and ht the fraction of available time allocated to work in the market, instead of to leisure or

household production, lt.

Equation (2) is the household’s budget constraint, where xt is gross private domestic

investment, wt the wage rate in terms of consumption per unit of the available time the

stand-in household devotes to work, τht the tax rate on labor income, rt the rental price

of period t private sector capital, kt, τ kt the tax rate on income from that capital, δ the

depreciation rate, τ t lump-sum transfers (taxes if negative), and nit net imports.

The variable nit captures the net exports wedge discussed in section 3, relabeled as "net

imports" to take into account that the U.S. trade balance was mostly negative over the period

of analysis. For consistency with the balanced-growth assumption, the ratio of this variable

to private sector output is assumed to be characterized by an autoregressive stationary
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stochastic process of order one, with unconditional mean niy, autoregressive parameter ρni

and standard deviation σni.

Note that from a BCA perspective, the variables τht and τ
k
t play the role of the labor

and capital wedges introduced by CKM, with stochastic properties analogous to that of net

imports. The unconditional mean, autoregressive parameter, and standard deviations of the

labor wedge are denoted τhss, ρτh, and στh, respectively. The analogous parameters for the

capital wedge are denoted τ kss, ρτk, and στk, respectively.

Equation (3) describes the evolution over time of the capital stock that the household

rents to private firms which, for consistency with the NIPA methodology, excludes the public

sector capital stock. This law of motion links the private capital stock available for produc-

tion at the beginning of a period, kt, with the households’investment decisions during that

same period, xt, and with the private capital stock that will be available at the beginning of

the following period, kt+1. The multiplication of the latter by the gross growth rate factor

(1 + η)(1 + γ) is the result of the usual procedure to transform a model economy growing at

a constant deterministic rate into one without growth.7

Equation (4) states the time constraint that the stand-in household can distribute its

total available time, normalized to 1, among non-market activities, lt, (generically labeled

as "leisure") and work in the marketplace, ht.

Equation (5) states that the household can allocate the time it devotes to work between

private sector firms, hprt , and public sector agencies (inclusive of government-owned enter-

prises), hput . Note that for consistency with the standard treatment of labor input in the

neoclassical growth model, the empirical counterpart of the variable ht is the fraction of time

actually worked, not just paid. The data were therefore adjusted to omit the time for which

workers were paid but not actually working, because they were on vacation, sick leave, etc.

7Recall that Greenwood, Hercowitz, and Krusell have demonstrated that in this case the depreciaton rate
in (2) and (3) must be interpreted as the economic, rather than physical depreciation rate in the presence
of not explicitly modeled investment-specific technological progress.
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The explicit distinction between the time households devote to work in the public and

private sectors is uncommon, because the value added by both the private and public sectors

is deemed the appropriate empirical counterpart of output in most models. This is not

true for the model economy of this paper, in which all the value added is provided by the

private sector. Calibrating or estimating the relevant parameters of such an economy without

taking into account the fraction of time that households work for government agencies could

cause the model to overestimate the labor input hired by the private sector and, therefore,

the output produced by it, with potentially nonnegligible consequential spillovers on other

variables.

4.2 Private Sector Firms’Maximization Problem

There are two types of firms that produce output in the stationary economy without growth

and without a government final good: private firms and government enterprises. As noted

by Gomme and Rupert, the decisions of the latter are guided by administrative, rather than

profit-maximizing considerations and are treated, therefore, as exogenous.

The behavior of private firms is instead modeled explicitly, an approach that requires one

to be specific about the restrictions those firms face in the production of output.

The paper adopts the standard assumption that the model economy is populated by a

large number of identical private firms that transform labor and capital inputs into output

with a constant returns to scale technology that exhibits labor-augmenting technological

progress and unitary elasticity of substitution between inputs. Under those conditions, the

aggregate output of the model economy corresponds to that generated by a single represen-

tative firm endowed with a Cobb-Douglas production function:

yprt = Ae(1−θ)ztkθt (h
pr
t )1−θ, (7)
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where yprt is detrended output per working age person produced by private sector firms, θ the

proportion of the remuneration to capital services in the private sector value added, and zt

a stochastic technology level that introduces the fourth wedge considered for the particular

implementation of the BCA methodology proposed in this paper. This technology level

shifter corresponds conceptually to the effi ciency wedge in CKM.

The evolution of this wedge over time is assumed to be governed by the following autore-

gressive process:

zt = ρzzt−1 + σzε
z
t ,

where 0 < ρz < 1, where σz is a strictly positive scalar and εzt a random variable with a

standard normal distribution.

Given that the model assumes that investment decisions are made by the households, the

representative firm that in the abstraction of the model stands for the large number of them

making decisions in the actual economy solves the following static maximization problem:

Max
hprt , kt

[
Ae(1−θ)ztkθt (h

pr
t )1−θ − wthprt − rtkt

]
. (8)

4.3 Public Sector Policies

As mentioned in section 3.1, the allocation of resources by public sector entities is the result

of complex social, political, and economic considerations, not aptly captured by the same

profit- and utility-maximizing incentives faced by households and private sector firms. Given

the diffi culties in modeling explicitly the behavior underlying the economic decisions made

by public sector agencies, the variables under their control will be exogenously determined.
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4.3.1 Government Budget Constraint and the Sequester

Most studies that estimate or infer the value of the Frisch elasticity with macroeconomic data

or from the evidence provided by fiscal policy developments, as those already mentioned by

Chetty et al. (2013), Prescott (2004), Ríos-Rull et al., and Rogerson and Wallenius, assume

a balanced government budget. To facilitate comparison with the results obtained in those

studies, the paper adheres to that analytically and computationally convenient practice.

Notice, however, that this assumption is not as restrictive as it seems in the context of this

paper, because the labor and capital income wedges will indirectly capture the effects on the

endogenous variables of the not explicitly model government debt trajectory.

With that caveat in mind, the government absorption of output exclusively produced

by the private sector, denoted gat, is equal every period to revenues from all sources minus

transfer payments, as indicated by the following government budget constraint:

gat = τhtwt(h
pr
t + hput )− wthgct + τ kt (rt − δ)kt + sget − τ t, (9)

where hput is equal to hgct +hget , with h
gc
t and h

ge
t representing the fraction of time the stand-in

household works for government agencies and government-owned enterprises, respectively,

and where sget denotes, for consistency with the NIPA methodology, surpluses (deficits, if

negative) transferred by government-owned enterprises. In line with the treatment of vari-

ables corresponding to physical quantities discussed before, those of the same type in the

government budget constraint are measured in units of the consumption good per working

age population as well.

To avoid misunderstandings, recall that the variable gat is conceptually different from the

government consumption expenditure variable in CKM, which in the case of those authors

includes value added by the government sector and, as mentioned earlier, net exports.

Moreover, for the purpose of the present paper it is convenient to interpret this variable
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as made up of a systematic, exogenous stochastic component, egat, and of a non-systematic,

deterministic component, pgat, whose relationship, after division by private sector output,

can be formally represented as follows:

gat
yprt

=
egat
yprt

+
pgat
yprt

. (10)

In line with the historical developments described in section 2.1, the stochastic component

egat is meant to capture the ups and downs of the government spending policy historically

followed until the sequestration took place in 2013. The non-systematic, deterministic com-

ponent pgat is meant to capture the "policy regime change" of limited duration (from 2013

to 2021, to be precise) implied by the budget sequestration spending cuts.

For consistency with the balanced growth assumption, the stochastic component is pos-

tulated to evolve over time according to a stationary stochastic process with the following

autoregressive representation:

ln
egat
yprt

= (1− ρga) ln gy + ρga ln
egat−1
yprt−1

+ σgaε
ga
t , (11)

where 0 < ρga < 1, gy and σga are strictly positive scalars, and ε
ga
t is a random variable with

a standard normal distribution.

The policy component in (10), pgat
yprt
, is a placeholder that will be replaced in the quanti-

tative implementation of the model, as explained in section 5.2.2, by the scheduled spending

cuts listed in Table 2, with the practical effect of shifting down the government absorption

of private sector output relative to the level implied by the exogenous component egat
yprt
.

4.3.2 Public Sector Labor Demand

In line with the pattern of the previous stochastic process, the general government and

government enterprises’ demand for labor services is also assumed to be governed by an
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autoregressive stochastic process, with the following representation:

lnhput = (1− ρhpu) lnhpuss + ρhpu lnhput−1 + σhpuε
hpu
t (12)

where 0 < ρhpu < 1, hpuss and σhpu are strictly positive scalars and ε
hpu
t is a random variable

characterized by a standard normal distribution.

4.3.3 Government Enterprises Value Added

The value added by government enterprises, vaget , included in the business rather than the

government sector of NIPA, should grow at the same rate as private sector output along a

balanced growth path. Therefore, it is natural to postulate that the evolution of this variable

over time is determined by the following stochastic process:

ln
vaget
yprt

= ln vy + σgeε
ge
t (13)

where vy and σge are scalars, and εget is a random variable characterized by a standard

normal distribution.

4.3.4 Resource Constraint

For the purpose of subsequent analysis, it is useful to make explicit the resource constraint

that results from consolidating the household’s budget constraint (2) with the government

budget constraint (9), after taking into account that, for consistency with the NIPA method-

ology, output in the model economy originates in private sector firms according to (7) and

in government-owned enterprises according to (13):

ct + xt =

[
1 +

vaget
yprt
− gat
yprt

+
nit
yprt

]
Ae(1−θ)ztkθt (h

pr
t )1−θ. (14)
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4.4 Model Calibration

As is apparent from the preceding section, the model economy involves a fairly large number

of parameters. Attempting to estimate all of them with available statistical tools at an

acceptable level of precision is doomed to failure given the limited available data, at most 40

annual observations, from 1977 to 2016, the period for which, as indicated in section 3.1, all

the observable variables relevant for the analysis were available at the time of this writing.

It seemed wise, therefore, to calibrate as many parameter values as possible with the widely

accepted quantitative discipline imposed by the requirement that the steady state economic

relationships between variables and/or parameters predicted by the model economy should

match those prevailing in the actual economy, on average, over fairly long periods of time.

The parameters of the model economy whose values were set with a calibration approach

are listed in Table 3.

Table 3: Calibrated parameters and corresponding values

Parameter/Variable Value
η (working-age annual population net growth rate) 0.0072
γ (TFP annual net growth rate) 0.0078∗

δ (depreciation rate) 0.0676∗

x/ypr (investment-output ratio) 0.2121∗

gy (fraction of private sector output absorbed by general government) 0.0825∗

vy (government enterprises value added—private sector output ratio) 0.0156∗

σge (standard deviation of ln(vaget /y
pr
t )) 0.0856∗

niy (net imports—private sector output ratio) 0.026∗

hprss (fraction of time worked in private sector) 0.20
hpuss (fraction of time worked in public sector) 0.0265∗

θ (private capital income share) 0.38
ρhpu (autoregression coeffi cient of stochastic process for h

pu
t ) 0.8493

σhpu (standard deviation of stochastic process for h
pu
t ) 0.009

yprss (steady-state private sector output) 1∗

τ kss (capital income tax rate) 0.35
τhss (labor income tax rate) 0.23
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The values with an asterisk in the second column of the table denote the average value

of the corresponding variable over the period 1997-2007. Observations during and after the

Great Recession were deliberately omitted, on the grounds that the large changes that many

macroeconomic variables experienced during that unusually deep contraction were persistent,

but not permanent, and didn’t have an everlasting impact, therefore, in the long run trends

of the actual economy.

The parameter capturing the working-age population growth rate, η, was set to the long

run value projected by the U.S. Bureau of the Census.

The autoregression coeffi cient and standard deviation of the stochastic process governing

the evolution of the fraction of time households work in the public sector, hput , was obtained

by running the regression suggested by equation (12), using the values of that variable for

the period 1977-2007, previously adjusted by a time trend that takes into account the rather

consistent decline that hput has exhibited since the end of the 1960s.

The resulting detrended values of hput were subtracted from the series of aggregate de-

trended labor input ht inferred with the procedure discussed in section 3.1, in order to obtain

the detrended series of private sector labor input, hprt .

The capital share parameter θ, the steady-state capital income tax rate, τ kss, and the

steady-state labor income tax rate, τhss, were set to the values that Kydland and Zarazaga

deemed most consistent with the relevant historical evidence for the U.S.

Other parameters that will appear in equilibrium conditions were obtained by replacing

the values calibrated in Table 3 in the appropriate steady state relationships.

Thus, the steady state capital-output ratio, 2.5681, was obtained from the steady state

version of the law of motion of capital (3). The discount factor β was set to the value of

0.9578 implied by the steady state version of the Euler equation:

β =
1 + γ

1 + (1− τ kss) (rss − δ)
,
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where the steady state level of the rental price of capital, rss, was set to the value of 0.148

implied by the steady state relationship rss = θ/(k/ypr).

It is worth pointing out that the steady state level of private sector output, 1, coincides

with the average value of output over the period 1977-2007, after normalizing the actually

observed series of that variable with the appropriate constant implied by the production

function (7).

Missing from Table 3 are also model parameters that can only be inferred from the

high frequency movements of the economic variables under their influence, by definition

absent from steady state relationships. Parameters of this type fall in three groups: 1) the

coeffi cients of stationary stochastic processes that drop out from the model equations in

steady state, 2) the aggregate Frisch elasticity, ϕ, and 3) parameters whose steady state

values depend on the latter.

The parameters in the first group were estimated with the techniques discussed in the

next section.

Recall that the goal of the paper is to scrutinize which of the rather diverse Frisch

elasticity values claimed to be empirically relevant in existing studies can best account for

the dynamics of macroeconomic variables induced by the budget sequestration. To that end,

the paper considers the following five values, representative of those advocated by some and

disputed by others in the literature:

0.5, 1.0, 1.4, 1.9, and 3.0.

The first Frisch elasticity value stands for the point estimate of 0.52 for that parameter

obtained by Smets and Wouters (2007) in a study pioneering the estimation of dynamic sto-

chastic general equilibrium models with Bayesian techniques.8 The value of 1.0 is suggested

by the survey evidence on the response of labor supply to a large wealth shock examined by

8See endnote 30 of Chetty et al. (2013) clarifying that the value of 1.92 reported by Smets and Wouters
is actually the reciprocal of the aggregate Frisch elasticity.
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Kimball and Shapiro (2008). The value of 1.4 is that which Lucas and Rapping estimated in

their already cited pioneering paper. The value of 1.9 has been proposed by Hall (2009) in

a study that includes a labor wedge. The value of 3.0 has been inferred by Prescott (2004)

from the study on labor income tax differences across countries mentioned earlier.

As to the third group of parameters, they include those that are implied by steady state

relationships that depend, precisely, on the values of the Frisch elasticity. That is the case

of the utility function parameter κ, whose value is reset for each of the five Frisch elasticity

values considered, to recover the steady state level of labor input, hss, from the corresponding

steady state version of the intratemporal first order necessary condition implied by the

household’s maximization problem.

5 Quantitative Methodology

This section is devoted to describe in detail the methodology that the paper designed with

the explicit purpose of establishing which of several existing estimates of the aggregate Frisch

elasticity are more consistent with the response of key macroeconomic variables to the budget

sequestration spending cuts launched in 2013. It will also serve the purpose of conveying the

sense in which the methodology performs that task by blending elements of the estimation

and calibration traditions.

5.1 Overview

As anticipated in the introduction, the quantitative implementation of the BCA approach,

adapted to the purposes of the paper, involves two stages, an "estimation stage" and a

"calibration stage."

The estimation stage exploits the state-state representation of the equilibrium conditions

of the model economy to estimate unknown states and parameters with a rather standard

maximum likelihood implementation of the Kalman filter. Given that the likelihood of the
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data is conditional on parameter values, this estimation stage had to be repeated for each

of the five Frisch elasticity values listed in section 4.4.

Considering that the debate about the value of the aggregate labor supply elasticity has

been largely driven by divergent opinions about the nature of the business cycles, it was

deemed worthwhile to document and briefly discuss the business cycle statistics implied by

each of the five sets of statistically consistent state and parameter estimates, indexed by the

corresponding assumed value for the Frisch elasticity parameter, obtained in the estimation

stage.

The analysis of those business cycle statistics suggested what the goal of the second

stage of the methodology should be: to check if the observed responses of macroeconomic

variables to the budget sequestration policy shock are more likely to have been observed for

the parameter estimates associated with Frisch elasticity values that magnify the ability of

TFP shocks to account for economic fluctuations at business cycle frequencies, or rather, for

parameter estimates corresponding to Frisch elasticity values that diminish that ability.

As hinted at in the introduction, the execution of this stage required to take into account

the economic agents’new decision rules, incorporating the policy regime change represented

by the sudden materialization of the spending cuts. The basic idea behind the design of this

second stage is that the different decision rules implied by the alternative sets of parameters

estimated in the first stage, each indexed by one of the five Frisch elasticity considered, will

induce different responses to the spending cuts and, therefore, a different configuration of the

innovations to the wedges necessary to replicate exactly the available observable variables in

the measurement equations of the state-space representation of the model during the budget

sequestration period.

It follows that the higher the likelihood of those observables, the more likely the combi-

nation of parameter estimates and updated unobserved states underlying the corresponding

decision rules to account for the joint performance of macroeconomic variables while that
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policy was in place. It seems logical to propose that, for the purpose of discerning the na-

ture of economic fluctuations at business cycle frequencies implied by the model economy,

unknown states and parameter values should be "calibrated," according to the formal metric

long-demanded by the estimation school of thought, to that set of first stage estimates, and

corresponding assumed Frisch elasticity value, that delivers the highest value of the likelihood

of the observables during the budget sequestration. Because the proposal certainly satisfies

the independent validation of parameter values advocated by the calibration approach, it

seems fair to interpret it as the "calibration stage" of the methodology described in more

detail next.

5.2 State-Space Representation

The first step in implementing the adapted BCA approach is to represent the model in a

state-space form, which is accomplished as usual, by specifying transition equations that

govern the evolution of state variables over time and measurement equations that define the

mapping between the states and the relevant observed data.

In dynamic stochastic general equilibrium models, the link between observables and state

variables in the measurement equations is provided by the equilibrium decisions rules which,

as already anticipated, this paper computes with the standard practice of approximating

the true decision rules with a first order Taylor expansion around the non-stochastic steady

state. This ensures a linear mapping between state variables and observables.

With the further assumption that the transition from one state to the other is governed

by a linear Markov process, the state-state representation of the model economy of this paper

can be formalized by the transition equation:

St = TSt−1 +Qωt, (15)
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and the measurement equation:

Yt = DSt−1 + Cωt. (16)

To see how the different pieces of the model economy fit together in the state-space

representation above, it will be helpful to spell out more fully the elements of the vectors

and matrices in equations (15) and (16), starting with the 7x1 vector St of end-of-period

t state variables in the transition equation,

St = [kt+1 − kss, ln
egat
yprt
− ln gy, lnhput − lnhpuss , zt − zss,

nit
yprt
− niy, τht − τhss, τ kt − τ kss]′,

where a subindex ”ss” identifies the steady state value of the period t variable immediately

to the left9.

Consider next the 7x7 matrix T :

T =



T11 T12 T13 T14 T15 T16 T17

0 ρga 0 0 0 0 0

0 0 ρhpu 0 0 0 0

0 0 0 ρz 0 0 0

0 0 0 0 ρni 0 0

0 0 0 0 0 ρτh 0

0 0 0 0 0 0 ρτk



,

where the first row of this matrix is simply the result of replacing in the law of motion for

the private capital stock, (3), the equilibrium decision rule for investment, xt. The second

and third rows of the matrix simply replicate the stochastic processes in equations (11) and

(12), respectively. The rest of the rows of this matrix represent the wedges, expressed in

terms of ratios to private sector output when appropriate, as stochastic Markovian processes

9For consistency with the timing convention adopted in the law of motion of capital (3), the capital stock
at the end of period t is denoted in the vector St as the beginning of period t+ 1 capital stock, kt+1.
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that depend only on their own past. Interactions between these processes were ruled out

by assumption, for the same reasons given earlier: the limited data available would have

prevented the reliable estimation of the large number of parameters implied by a less parsi-

monious specification.10

The elements of the 7x1 vector of exogenous shocks ωt are as follows:

ωt = [εgat , ε
hpu
t , εget , ε

z
t , ε

ni
t , ε

τh
t , ε

τk
t ]′,

where the first three elements correspond to the innovations identified in equations (11),

(12), and (13), and the remaining elements capture the innovations to the four wedges zt,

nit, τht , and τ
k
t . The variance-covariance matrix of this vector, E[wtw

′
t], is denoted by Σ and

characterized by the following elements:

∑
=

Σ11 03x4

04x3 Σ22

 ,
where Σ11 is a 3x3 identity submatrix, and Σ22 a 4x4 submatrix, with diagonal elements

equal to 1 and possibly non-zero off-diagonal elements. This specification assumes that the

stochastic process for the government absorption of private sector output, characterized by

equation (11), as well as that for the public sector labor input, characterized by equation

(12), are orthogonal to all the others, whereas the innovations to the wedges are allowed to

be correlated with each other.
10It is not clear, in any case, that the interactions would be significant, as they are not statistically different

from zero in CKM.
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Fully spelled out, the 7x7 matrix Q is given by

Q =



Q11 Q12 Q13 Q14 Q15 Q16 Q17

σga 0 0 0 0 0 0

0 σhpu 0 0 0 0 0

0 0 0 σz 0 0 0

0 0 0 0 σni 0 0

0 0 0 0 0 στh 0

0 0 0 0 0 0 στk



,

where the elements of the first row are coeffi cients implied by the linearized equilibrium

decision rule for the capital stock and the rest of the elements just capture the standard

deviations of all the exogenous stochastic processes in the model.

In the measurement equation, the 7x1 column vector Yt contains the observable variables:

Yt = [yprt − yprss , xt−xss, h
pr
t −hprss , ln

egat
yprt
− ln gy, lnhput − lnhpuss , ln

vaget
yprt
− ln vy,

nit
yprt
−niy]′,

where again a subindex ”ss” identifies the steady state value of the corresponding variable.

The 7x7 matrix D can be rewritten as

D =



D3x7

0 ρga 0 0 0 0 0

0 0 ρhpu 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 ρni 0 0


,

where the elements Dij of the 3x7 submatrix D consist of the coeffi cients of the linearized

equilibrium decision rules for the endogenous variables in the vector Yt, and the non-zero ele-
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ments in the last four rows capture the autoregressions coeffi cients of the stochastic processes

for government absorption of private sector output, public sector labor input, and net im-

ports.

Finally, the 7x7 matrix C is given by

C =



C3x7

σga 0 0

0 σhpu 0 03x4

0 0 σge

0 0 0 0 σni 0 0


,

where the elements Cij of the 3x7 submatrix C are obtained from the equilibrium decision

rules and the last four rows contain the standard deviations of the stochastic processes for

government absorption, public sector labor input, government enterprises value added, and

net imports.

Having made explicit the mapping between the model economy in section 4 and its state-

space representation in this one, it is possible to proceed with the second step to estimate

the unknown state variables and parameters of the model.

5.2.1 Estimation Stage

The parameters not listed in Table 3 or which could not be derived from them exploiting

steady-state relationships were estimated using annual data for the period 1977-2012. As

already mentioned in section 3.1, 1977 is the first year for which the data necessary for

the "private sector output approach" implemented by the paper is available. The data after

2012 reflected the effects of the budget sequestration policy regime change and were therefore

excluded from the estimation stage, to respect the calibration discipline in the design of the

methodology proposed by the paper.
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It seemed reasonable, however, to include the observations between 2008 and 2012, that

is, for the Great Recession and its aftermath, because that contraction was characterized,

by most accounts, by the virulent manifestation of several frictions. Those observations

might contain, therefore, information particularly useful for estimating the parameters of

the stochastic processes of the wedges meant to summarily capture those frictions in the

model.

The resulting sets of estimates of the state variables, autoregression coeffi cients, and

variances and covariances, one for each of the five Frisch elasticity values considered, were

assumed to characterize the joint distribution of the stochastic variables that will enter in

the calculation of the likelihood of observables in the subsequent calibration stage of the

methodology.

The estimates of the parameters of the exogenous stochastic processes, indexed by the

assumed Frisch elasticity value, are documented in Table 4.

In any case, the estimated parameter values are of less interest than their implications for

the nature of the business cycle that is in the background of the debate about the magnitude

of the Frisch elasticity. In fact, given that they provided the motivation for the calibration

stage of the methodology that will be discussed later, the business cycle statistics implied

by each estimated combination of estimated parameters is briefly summarized and discussed

next.

Business Cycle Properties of the Model Economy Table 5 reports conventional

business cycle statistics for the actual economy and those predicted by the model economy

for four sets of parameter estimates, indexed by the corresponding assumed aggregate Frisch

elasticity, representative of the five such sets identified in the previous section.

The upper panel of the table documents the standard deviations, in percentage points,

corresponding to the variables or metric listed in the first column, while the lower panel
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provides the correlation between hours worked and labor productivity, given the special

attention that these statistics have received in the literature discussing the empirical

relevance of different interpretations of the business cycle. The significance of the content

of each panel of the table for the purpose of the paper is discussed separately next.

As to the first panel, the second column documents the percent standard deviation of the

variables in the first column for the actual economy, calculated with HP-filtered annual data

for the period 1977-2007.11 The observations from 2008 onwards were excluded, to avoid

contaminating the reported business cycle statistics with the abnormally large deviations

that most macroeconomic variables exhibited from their trends during the Great Recession

and its aftermath. The entries in the first five rows of the remaining columns report, for each

set of state and parameter estimates, indexed by the corresponding assumed aggregate Frisch

elasticity value, the percentage standard deviation of the variables in the model economy

induced by the wedge indicated in the respective column heading, under the assumption that

the other wedges are inactive. These statistics were obtained by simulating the model for 31

periods with 2000 replications.

The entries in the sixth line of the first panel, borrowed from the method of simulated

moments, reports the squared sum of the differences between the observed standard devia-

tions of the variables considered and those predicted by each of the wedges for each set of

parameter estimates. The numbers in bold identify the Frisch elasticity value and associated

parameter estimates that minimizes this metric for each wedge. By this criterion, the high-

est aggregate Frisch elasticity value among those considered, 3.0, is the one for which the

effi ciency, labor, and capital wedges account best for the overall fluctuations of the actual

economy according to the metric just described.

The table also confirms the theoretical prediction that the larger the value of the Frisch

elasticity, the larger the fraction of the standard deviation of time devoted to work in the
11Following standard practice for data at annual frequency, the smoothing parameter of the filter was set

to the value of 100.
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private sector accounted for by the TFP shocks. In fact, when the Frisch elasticity is assigned

the value of 3.0, TFP shocks can account for about 36% of the standard deviation of private

sector labor input, a percentage about three times higher than when the Frisch elasticity

value is just 0.5.

The lower panel in Table 5 documents the correlation between the fraction of time devoted

to work in the private sector and labor productivity of that sector. Since the latter is

proportional to the real wage in the frictionless neoclassical growth model, this correlation is

a matter of contention in the literature. In particular, the fact that the "TFP shocks only"

model economy predicts that this correlation is large, when it is almost nil in the data, is

often exhibited as a severe enough counterfactual to drop TFP from the list of plausible

sources of the business cycle.

Upon further inspection, however, it stands out that the counterfactual implication ap-

plies to all of the wedges. Moreover, inclusion of the squared deviation of the observed

correlation under examination from the actual one predicted by each wedge on its own

would not change the finding reported above: the resulting expanded method of simulated

moments distance would still identify the combination of parameters estimates correspond-

ing to the aggregate Frisch elasticity value of 3.0 as the one that enhances the most the role

of the TFP shocks, or "effi ciency wedge" in the BCA jargon, in the business cycle.

According to the calibration principle, however, the fact that such a large value of the

Frisch elasticity is particularly favorable to the hypothesis that TFP shocks are an important

source of economic fluctuations is not a good enough argument to adopt it in studies of

the nature of those fluctuations. Independent validation with an unrelated phenomenon is

required.

It was precisely in the pursuit of that independent validation that Prescott (2004) and

Chetty et al. (2013) calibrated the aggregate Frisch elasticity to fiscal policy related evidence

mentioned earlier. The contrast between the high elasticity value of 3.0 inferred by the
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Prescott and the much smaller one of 0.75 obtained by the other authors suggested, given

the quantitative significant consequences of the discrepancy, that the present paper should

take advantage of the quasi-experimental nature of the budget sequestration spending cuts

to report the readings of that elasticity most consistent with the responses of macroeconomic

variables to that fiscal policy regime change. The next section is precisely devoted to explain

how that challenge is confronted, in the spirit of independent validation principle sponsored

by the calibration approach, with a metric that at the same time meets the measurement

standards of the estimation school of thought.

5.2.2 Calibration Stage

Incorporating The Budget Sequestration Spending Cuts As mentioned earlier,

the second stage of the methodology developed by the paper had to take into account that,

once economic agents became aware in 2013 that the budget sequestration would materialize,

their optimal decision rules were influenced not only by the 2013 prescribed spending cuts,

but also by the future ones through 2021. This required the modification of the equilibrium

decision rules of the estimation stage, which depended only on the previous period state

variables. To that end, the new decision rules need to be recomputed with an algorithm

that incorporated their dependence on non-stochastic policy regime changes the economic

agents expected to be in effect in the future. The general principle behind such an algo-

rithm in the context of perturbation methods is to treat perfectly anticipated current and

future deviations of a policy variable from its steady state value as exogenous deterministic

state variables and approximate the decision rules around the steady state with standard

perturbation methods.

In the case of the spending cuts under study, the algorithm involves adding nine deter-

ministic state variable, one for each of the years in the period 2013-2021 over which the

spending cuts mandated by the Budget Control Act would remain in effect, and modifying
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the state-space representation of the model accordingly, as follows:

St = TSt−1 +Qωt +M∆t, (17)

Yt = DSt−1 + Cωt + B∆t, (18)

for t = 2013, 2014, 2015, 2016 and where ∆t is a 9x1 column vector whose elements capture

the sequence of anticipated spending cuts and M and B are conformable matrices, with

dimensions 7x9.

Notice that the matrices T , D, C, and Q are the same as those obtained in the estimation

stage because, by the arguments in section 2.2, the spending cuts prescribed by the Budget

Control Act were temporary in nature and, therefore, inconsequential for the steady-state

equilibrium of the model. Thus, the terms of the decision rules involving state variables that

were already present in the model do not change, an implication consistent with setting the

relevant parameters, including the elements of the matrix Q, equal to the values obtained in

the estimation stage.

The effect of the budget sequestration spending cuts on the decision rules is captured

additively, by the elements in M∆t and B∆t, where ∆t represents the deviations of the

foreseen sequence of current and future spending cuts from their steady state value, which

the preceding paragraph implies is zero. Notice that the spending cuts are entered with

a positive sign because, according to equation (14), they add to the resources the private

sector can devote to consumption and investment.

The fact that the time index ranges from the year 2013 to the year 2016 conveys the

message that the second stage of the methodology involves keeping track of the responses

of the observables in the vector Yt to the spending cuts in the vector ∆t from the time they

were launched, in 2013, to 2016, the last year for which the data for all the observables in

that vector were available at the time of this writing.
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For the reasons given in section 2.2, it was deemed convenient to let the elements of ∆t

capture three different scenarios: one in which economic agents expected the spending cuts

to be carried out exactly as prescribed by the 2011 Budget Control Act, a second scenario

in which they expected that only half the size of the future spending cuts mandated by

the relevant legislation at the beginning of each year would be actually implemented and

finally, a third scenario in which economic agents made their decisions every year between

2013 and 2016 perfectly anticipating the actually materialized spending cuts, until canceled

altogether, as mentioned in that section, by the Tax Cuts and Job Acts of 2018.

For clarity of exposition, it will be convenient to spell out the elements of the vector ∆t

for three different scenarios, denoted by a superscript m = F,H,A, keeping in mind that

the steady-state private sector output has been normalized to one and that the prescribed

spending cuts in percentage terms of that output documented in Table 2 need to be divided,

accordingly, by 100.

In the case of the full credibility scenario, the elements of the vector ∆F
t for the year 2013

are the statutory spending cuts listed in the second column of Table 2, that is,

∆F
2013 =

1

100
[0.24, 0.50, 0.54, 0.55, 0.54, 0.52, 0.49, 0.47, 0.45]′.

Since the methodology of the paper requires the evaluation of the responses of macroeco-

nomic variables predicted by the model to the spending cuts scheduled as of the beginning

of each year, the elements of the column vectors ∆F
t+1, t = 2013, need to be updated with

the figures of the corresponding column in Table 2, adding zeros at the end as needed to

preserve the 9x1 dimensions of the vector. Thus, for example, the column vector ∆F
2014 is

spelled out as follows, after extracting its elements from the third column of that table:

∆F
2014 =

1

100
[0.25, 0.43, 0.55, 0.54, 0.52, 0.49, 0.47, 0.45, 0]′.
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The spending cuts vectors for the subsequent year, ∆F
2015 and ∆F

2016 are constructed in a

similar fashion.

An entirely analogous procedure applies to the scenario in which only half of the pre-

scribed cuts are expected to be implemented. That is, the vector of spending cuts ∆H
t , for

t = 2013, 2014, 2015, 2016, is obtained from the equality ∆H
t = 1

2
∆F
t .

As for the scenario for which economic agents perfectly foresaw the spending cuts actually

implemented, the elements of the ∆A
t vectors are captured by the last column of Table 2.

Accordingly, for the year 2013,

∆A
2013 =

1

100
[0.24, 0.25, 0.42, 0.24, 0.35, 0, 0, 0, 0]′.

The vectors∆A
t for t = 2014, 2015, 2016 are obtained in this case by sequentially dropping

off the first element of ∆A
t−1 and padding the additional empty space with a zero in order to

preserve, again, the 9x1 dimensions of this vector.

It is worth clarifying at this point a potential confusion created by the inclusion of

the state vector St element ln egat
yprt
− ln gy in the vector of observables Yt as well. Strictly

speaking, the variable directly observable in the data is gat, not the individual components

identified in equation (10). However, as this equation makes apparent, in the absence of the

temporary policy regime component pgat, the stochastic component egat is equal to gat and

therefore, observable as well. This equality holds, therefore, between 1997 and 2012, before

the budget sequestration was triggered. When it breaks down in 2013, egat is no longer

directly observable, but it can be inferred by adding to the observed gat the spending cuts

that actually materialized in year t, that is, by performing the algebraic operation egat =

gat + sct, where sct is extracted from the first element of the vector ∆A
t .

Scrutinizing Existing Frisch Elasticity Estimates with the Budget Sequestra-

tion Evidence The preceding discussion built up the toolkit necessary to implement the
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"calibration stage" to scrutinize which of the considered existing Frisch elasticity values and

associated state and parameter estimates best accounts for the sequestration evidence with

the following sequence of steps:

1. The seven exogenous shocks realized between 2013 and 2016 were recovered, for each

of the five Frisch elasticity values considered and associated parameter estimates, from

the system of seven equations in seven unknown implied by (18):

ωi,t = C−1i Yt − C−1i DiSi,t−1 − C−1i Bi∆m
t ,

where t = 2013, 2014, 2015, 2016, i = 1, 2, 3, 4, 5 identifies the matrix or vector whose

elements are a function of the parameter estimates associated with each the five Frisch

elasticity values i considered and m denotes one of the three spending cuts scenarios

assumed by economic agents. Recall that the vector of state variables Si,2012 was

obtained in the estimation stage.12

2. The Gaussian multivariate probability distribution of the seven observable macroeco-

nomic variables in the vector Yt induced by the state-space representation of the model

was exploited to calculate the likelihood of the observations of those macroeconomic

variables over the period 2013-2016, conditional on each Frisch elasticity value and

spending cuts scenario considered. As indicated earlier, all distributional parameters

relevant for this calculation were fixed at the values obtained in the estimation stage.

3. Finally, the ability of each Frisch elasticity value and associated parameter estimates

to conform with the evidence for each scenario was ranked by the decreasing order of

the corresponding value of the likelihood function.

12Given that C is a square matrix, this step is generally feasible, except in the rare occasion in which this
matrix happens to be singular.
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6 Findings

The results of the last step are documented in Table 6, whose column heading identify the

Frisch elasticity value assumed in the estimation stage.

It turns out that the highest likelihood value for all the spending cuts scenarios is obtained

with the state and parameter estimates indexed by the Frisch elasticity value of 0.5, the lowest

among the five considered.

Thus, the independent validation of existing Frisch elasticity estimates with the responses

of macroeconomic variables to the budget sequestration spending cuts is not particularly

favorable to the high Frisch elasticity value of 3.0 that Prescott (2004) found to be consistent

with cross country differences in hours worked and labor income tax rates.

To put this assessment in context, it should be pointed out that Prescott made that

inference from comparing the different steady states of the economies he studied, implicitly

assuming that economic agents perfectly anticipated the future path of fiscal policy. Such

perfect foresight ability is explicitly captured in the present paper by the scenario in which

economic agents are assumed to have foreseen the future spending cuts that would be actually

implemented. As already noted, in this scenario the highest likelihood value is also attained

by the statistically consistent set of parameter estimates indexed by a Frisch elasticity value

of 0.5, the lowest in the list of existing estimates of that elasticity studied in the paper.

It doesn’t seem fair, however, to assert that the findings of the paper definitely rule out

the high value of 3.0 as an empirically plausible one for the aggregate Frisch elasticity. The

differences in the values of the likelihood associated with each Frisch elasticity value and

corresponding estimated states and parameters are not large enough to go that far.

On the other hand, the methodologies used by Prescott (2004) and Chetty et al. (2013)

do not provide a well-defined criterion to rule out either the empirically plausibility of Frisch

elasticity values different from those they inferred also from fiscal policy related evidence.

By contrast, the methodology proposed by the paper is capable of ranking the ability of

52



T
ab

le
6:

L
og

li
ke
li
h
o
o
d
of

20
13

-2
01

6
ob

se
rv
ab

le
s

C
o
m
b
in

a
ti
o
n

o
f
e
st
im

a
te

d
p
a
r
a
m

e
te

r
s
a
ss
o
c
ia
te

d
w
it
h

F
r
is
c
h

e
la
st
ic
it
y

v
a
lu

e
o
f:

0
.5

1
.0

1
.4

1
.9

3
.0

S
p
en

d
in
g
cu

t
sc
en

a
ri
o

S
p
en

d
in
g
cu

t
sc
en

a
ri
o

S
p
en

d
in
g
cu

t
sc
en

a
ri
o

S
p
en

d
in
g
cu

t
sc
en

a
ri
o

S
p
en

d
in
g
cu

t
sc
en

a
ri
o

Y
e
a
r

P
er
ce
n
t
o
f
st
a
tu

to
ry

sp
en

d
in
g
cu

ts
a
n
ti
ci
p
a
te
d
to

b
e

im
p
le
m
en

te
d

A
ct
u
a
ll
y

im
p
le
m
en

te
d

2
0
1
3
-2
0
1
6

P
er
ce
n
t
o
f
st
a
tu

to
ry

sp
en

d
in
g
cu

ts
a
n
ti
ci
p
a
te
d
to

b
e

im
p
le
m
en

te
d

A
ct
u
a
ll
y

im
p
le
m
en

te
d

2
0
1
3
-2
0
1
6

P
er
ce
n
t
o
f
st
a
tu

to
ry

sp
en

d
in
g
cu

ts
a
n
ti
ci
p
a
te
d
to

b
e

im
p
le
m
en

te
d

A
ct
u
a
ll
y

im
p
le
m
en

te
d

2
0
1
3
-2
0
1
6

P
er
ce
n
t
o
f
st
a
tu

to
ry

sp
en

d
in
g
cu

ts
a
n
ti
ci
p
a
te
d
to

b
e

im
p
le
m
en

te
d

A
ct
u
a
ll
y

im
p
le
m
en

te
d

2
0
1
3
-2
0
1
6

P
er
ce
n
t
o
f
st
a
tu

to
ry

sp
en

d
in
g
cu

ts
a
n
ti
ci
p
a
te
d
to

b
e

im
p
le
m
en

te
d

A
ct
u
a
ll
y

im
p
le
m
en

te
d

2
0
1
3
-2
0
1
6

1
0
0
%

5
0
%

1
0
0
%

5
0
%

1
0
0
%

5
0
%

1
0
0
%

5
0
%

1
0
0
%

5
0
%

2
0
1
3

1
4
.6
4
5

1
4
.2
9
2

1
4
.7
7
2

1
4
.6
3
3

1
4
.2
8
1

1
4
.7
6
4

1
4
.6
2
3

1
4
.2
7
1

1
4
.7
5
6

1
4
.6
0
9

1
4
.2
5
9

1
4
.7
4
5

1
4
.5
8
2

1
4
.2
3
5

1
4
.7
2
3

2
0
1
4

1
3
.9
3
4

1
3
.5
8
1

1
3
.9
4
3

1
3
.9
0
4

1
3
.5
5
0

1
3
.9
1
8

1
3
.8
8
2

1
3
.5
2
8

1
3
.8
9
9

1
3
.8
5
7

1
3
.5
0
3

1
3
.8
7
7

1
3
.8
1
4

1
3
.4
6
0

1
3
.8
4
0

2
0
1
5

1
2
.9
6
5

1
2
.1
0
6

1
2
.8
8
5

1
2
.9
0
0

1
2
.0
3
2

1
2
.8
3
4

1
2
.8
5
4

1
1
.9
8
2

1
2
.7
9
6

1
2
.8
0
6

1
1
.9
3
1

1
2
.7
5
6

1
2
.7
3
0

1
1
.8
4
9

1
2
.6
9
0

2
0
1
6

7
.2
5
9

6
.6
4
5

7
.1
0
2

7
.0
3
7

6
.4
1
5

6
.4
1
5

6
.8
8
6

6
.2
6
0

6
.7
5
9

6
.7
3
5

6
.1
0
6

6
.6
1
8

6
.5
0
0

5
.8
6
6

6
.3
9
8

S
U
M

4
8
.8
0
4

4
6
.6
2
3

4
8
.7
0
3

4
8
.4
7
4

4
6
.2
7
8

4
8
.4
1
6

4
8
.2
4
4

4
6
.0
4
1

4
8
.2
1
0

4
8
.0
0
6

4
5
.7
9
8

4
7
.9
9
6

4
7
.6
2
5

4
5
.4
1
0

4
7
.6
5
0

N
ot
es
:
S
ta
tu
to
ry

sp
en
d
in
g
cu
ts

a
re

th
os
e
sc
h
ed
u
le
d
as

o
f
th
e
b
eg
in
n
in
g
of

ea
ch

ye
ar
,
as

re
p
or
te
d
in

T
ab

le
2.

F
ig
u
re
s
in

b
ol
d
in
d
ic
at
e
ye
ar

or
p
er
io
d
w
it
h
th
e
h
ig
h
es
t
lo
g

li
ke
li
h
o
o
d
va
lu
e
fo
r
th
e
co
rr
es
p
on

d
in
g
sp
en
d
in
g
cu
ts

sc
en
ar
io
.

53



existing Frisch elasticity estimates to conform with the evidence from the budget

sequestration with a metric that satisfies the standards of the estimation school of thought,

the value of the likelihood function dictated by the probabilistic structure of the model

economy, but calculated in a manner that meets the independent validation principle

advocated by the calibration approach.

7 Concluding Remarks

The size of the aggregate intertemporal real wage labor supply elasticity hasn’t been settled

in the profession yet. The diffi culties stem in part from the disagreements on how to measure

the overall effect on that elasticity of the intensive and extensive margins of the labor supply

decision.

What most microeconomic studies estimate is not the aggregate labor supply elasticity,

but the marginal-utility-of-wealth-held-constant real wage elasticity of hours worked by al-

ready employed individuals, that is, the Frisch elasticity. The estimates of that elasticity are

consistently low, to the point that there seems to be a wide consensus that its value is in

the neighborhood of 0.5.

That doesn’t mean, however, that the real wage labor supply elasticity in the aggre-

gate, inclusive of the extensive margin, is that low. In fact, from the evidence provided

by macroeconomic aggregates, Lucas and Rapping obtained an estimate for that parameter

of 1.4, three times larger than the consensus estimate of the Frisch elasticity suggested by

microeconomic studies.

Subsequently, the aggregation theory provided by Rogerson (1984, 1988) and Hansen

(1985) justified the widespread adoption in the macroeconomic literature of utility functions

in which a single parameter summarizes both the intensive and extensive margins of the

labor supply. All the models that embrace that device need to do to properly understand a
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macroeconomic phenomena of interest is to adjust the magnitude of that aggregate Frisch

elasticity parameter upward relative to the estimates of its microeconomic counterpart.

The Hansen-Rogerson aggregation theory didn’t provide any guidance, however, on how

large that adjustment should be. As a result, the issue is fiercely debated in the profession,

because it matters for the answer to certain questions, such as the nature of the business

cycle or the fraction of tax cuts that are self-financed by the responses they induce in the

labor supply. As mentioned, the ability of TFP shocks to account almost exclusively for the

business cycle phenomena hinges critically on a value of the aggregate Frisch elasticity in

the order of 3.0.

The controversies are further complicated by the lack of agreement on the empirical

methodology that should be used to infer the size of the aggregate Frisch elasticity from

macroeconomic aggregates. The estimation school of thought insists that the value of that

elasticity should be dictated by the probabilistic structure of the model economy meant

to capture the essential features of the actual one under study. The calibration school of

thought questions that view, on the grounds that setting the values of unknown parameters to

those that best "fit the data" amounts to a tautology, that can only be avoided by pinning

down them down with evidence different from that considered in addressing a particular

macroeconomic question.

The present paper entered into that debate by examining the responses of macroeconomic

variables to a U.S. fiscal policy regime change with quasi-experimental features, the budget

sequestration spending cuts initiated in 2013, with a methodology that exploits a statistical

metric that satisfies the standards of the estimation approach and meets, at the same time,

the independent validation criterion endorsed by the calibration approach.

The considerations found in Ljungqvist and Sargent (2011) inspired the adoption of a

Business Cycle Accounting approach for constructing a model economy designed to measure

the value of the aggregate Frisch elasticity, as captured by a single parameter of the utility
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function, from the budget sequestration evidence. The resulting measuring device represents

with exogenous stochastic processes frictions in labor and capital markets potentially present

in the actual U.S. economy during the period under study.

The empirical methodology developed by the paper was guided by a chronology of events

and previous findings suggesting that households and businesses didn’t expect that the con-

tingency that would trigger the spending cuts, prescribed in the 2011 Budget Control Act,

would materialize until it actually did in 2013. The performance of macroeconomic variables

during the years in which those cuts were in place can be interpreted, therefore, as capturing

the effect of exposing households and businesses to the "controlled experiment" of suddenly,

as if without previous warning, reducing the government absorption of private sector output

for about a decade. The paper captures, however, in three different scenarios, the possibility

that economic agents didn’t expect that the spending cuts would materialize exactly in the

terms prescribed by successive pieces of legislation.

The paper proceeded to exploit the state-state representation of the model economy

with an estimation stage, designed to estimate the unknown state and parameters of the

model economy consistent with five existing estimates of the Frisch elasticity, encompassing

the wide range of those that have been proposed as empirically relevant in the micro and

macroeconomic literature. As a way to respect the calibration point of view that "parameters

cannot be specific to the phenomenon being studied," as eloquently stated by Prescott (1986),

the estimation was performed with data for the period 1977-2012, that is, excluding the

observations under the influence of the budget sequestration spending cuts. For consistency

with the previously given arguments, the optimal economic agents’decision rules, computed

with a first order perturbation approach, didn’t incorporate into this estimation stage the

spending cuts policy regime change that took place in 2013.

The estimation stage delivered five sets of statistically consistent state and parameter

estimates, each indexed by one the five existing aggregate Frisch elasticity estimates, in

56



the 0.5-3.0 range inclusive of most of the values argued to be empirically relevant by a

variety of studies, including those that have also examined fiscal policy related evidence.

The calibration stage exploited those existing estimates to establish which of them are more

consistent with the dynamics of macroeconomic variables during the budget sequestration

period.

This was accomplished by first recomputing the economic agents’optimal decisions rules,

this time incorporating the government spending cuts policy regime launched in 2013, as

household and firms might have perceived it in three alternative plausible scenarios, for each

of the five combination of parameter estimates, indexed by a corresponding assumed Frisch

elasticity value, obtained in the estimation stage.

The final and critical step of calibration stage was to evaluate the likelihood of the

observables implied by the model over the period 2013-2016, using to that effect the likelihood

function induced by the new decision rules obtained as indicated above.

It turns out that in all the scenarios and for all the years between 2013 and 2016 for which

the relevant observables were available at the time of this writing, the highest value of the

likelihood was attained for the parameter estimates combination indexed by the aggregate

Frisch elasticity value of 0.5, which was the lowest of those considered.

Moreover, the value of the likelihood is decreasing in that of the aggregate Frisch elasticity,

a result not particularly favorable, then, to the high value of 3.0 for that elasticity that

Prescott (2004) inferred also from fiscal policy related evidence. As pointed out by Ríos-

Rull et al. (2012), that inference was obtained under such specific assumptions that it is

legitimate to question its generality. That paper and the findings of this one are not the first

to add to those doubts. A good number of studies, such as those by Heathcote, Storesletten,

and Violante (2010, 2014) and Fiorito and Zanella (2012) suggest that the upper bound

for that elasticity is half the size of that obtained by Prescott, and perhaps not far from

the value of 1.4 estimated by Lucas and Rapping that sparked the heated debate on the
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magnitude of the aggregate labor supply elasticity.

In any case, given that the differences in the values of the likelihood implied by the Frisch

elasticity values examined in this paper are not significantly large, it seems fairer to assert

that the budget sequestration evidence favors more the low than the high values of that

elasticity invoked as empirically relevant by the participants of that debate.

In closing, it is important to emphasize, once more, that the findings reported in this

paper were obtained within the "single parameter" aggregate Frisch elasticity paradigm in-

spired by the Hansen-Rogerson aggregation theory. As mentioned before, Ljungqvist and

Sargent (2011) have questioned the wisdom of using that paradigm to obtain reliable esti-

mates of the aggregate intertemporal real wage labor supply elasticity. They have advanced

the hypothesis that the alternative "time averaging" aggregation theory, with more solid

microfoundations, is better suited to the task. Empirical implementation of that theory,

however, involves dealing with the complication that the intensive and extensive margins of

the labor supply decision must be treated separately. It remains to be seen if the research

agenda proposed by those authors will deliver estimates of the aggregate labor supply elas-

ticity in the neighborhood of 3.0 required to validate the view that TFP shocks account for

the bulk of the business cycle.
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APPENDIX A

Data Sources

• For national accounts variables: Bureau of Economic Analysis, National Income and
Product Accounts as measured by the new methodology adopted in 2013.

• For the capital stock: Bureau of Economic Analysis, "Fixed Assets and Consumer
Durable Goods."

• For hours worked in the private and public sectors: Bureau of Economic Analysis,
Income and Employment by Industry, Hours Worked by Full-Time and Part-Time
Employees.

• For civilian population, military personnel, persons at work, aggregate average hours
worked: Cociuba, Prescott, and Ueberfeldt (2018), Department of Defense, and House-
hold Survey from Bureau of Labor Statistics.
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