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Abstract

The short-run effects of fiscal policy depend not only on entrtax and spending choices,
but also on expectations about medium-term policy adjustméet standard general equilibrium
models typically allow for very limited fiscal dynamics, teésting medium-term adjustment to
taxation only. In this paper, we highlight the importanceraforporating endogenous spend-
ing dynamics as well. First, we provide time-series evidefur the U.S. suggesting that an
exogenous increase in government spending prompts a rigebiic debt, followed over time
by a gradual reduction in spending below trend. Second, ugygtow expectations of such a
spending reversal alter the short-run impact of fiscal gatica new Keynesian model. We show
that accounting for spending reversals brings the modetdiptions more closely in line with a
number of empirical findings regarding the effects of goweent spending shocks, including the
“puzzle” of real exchange rate depreciation.
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1 Introduction

The theoretical analysis of fiscal policy has made substhptogress in the last two decades, with
in-depth studies of the macroeconomic transmission of gweent spending in a dynamic general
equilibrium context (e.g. Aiyagari et al. 1992, Baxter andd<1993, and Gali et al. 2007). Yet, most
contributions to the literature have in common a ratherictste approach to modeling medium-term
fiscal dynamics. In particular, they typically treat govaent spending as exogenous, abstracting
from the possibility that spending might resposygktematicallyto the state of public finances or,
more generally, to the state of the economy. This modelimyageh is in sharp contrast with stan-
dard analyses of the monetary transmission mechanismhvalssume a systematic policy response
to the state of the economy (e.g., Boivin and Giannoni 2006also seems overly restrictive in
relation to empirical studies based on identified vectoomagiression (VAR) models, which allow
for a (possibly delayed) response of government spendinthter macroeconomic variables. In this
paper, we show indeed that incorporating an endogenousnssf government spending to public
debt substantially alters the theoretical account of tlwtstun effects of fiscal policy, bringing the
standard new Keynesian model more closely in line with tietseries evidence.

In the first part of our analysis, we revisit the evidence anfibcal transmission mechanism. Specif-
ically, we estimate a VAR model on U.S. time-series for theque1983-2007 and identify govern-
ment spending shocks using two distinct approaches, peamg Blanchard and Perotti (2002) and
Ramey (2010), respectively. A number of key results aresbaaross identification schemes. First,
an exogenous increase in government spending increasesgatgyoutput, although it crowds out
investment—two standard results documented widely inittature. Second, the real exchange rate
depreciates—a result that has also been found by sevesladithors, including Kim and Roubini
(2008), Monacelli and Perotti (2006), and Ravn et al. (200Rjrd, and most important for the idea
of this paper, we find that a positive spending shock triggesizeable build-up of public debt over
the short and medium run, and is followed by a decline of govient spending below trend some
time after the initial impulse.

Evidence of such “spending reversals” is the key motivattwrour analysis of stylized rules describ-
ing fiscal adjustment in an otherwise standard businesg eyoldel. We focus on a straightforward
formulation, positing that, in addition to debt-stabitigibehavior of taxes, government spending is
systematically reduced when public debt is high, and vigsaieThis assumption is consistent with
single-equation estimates of government spending rulgs @ali and Perotti 2003 and Canova and
Pappa 2004).1t also squares well with political economy arguments ersftiilag voters’ resistance

In contrast, evidence on the responsiveness of governmentling to measures of economic activity is more mixed.
We do not pursue this issue in the present paper.



to ever-higher taxe$. Lastly, there is ample anecdotal evidence from ongoing Ifissasolidation
efforts in advanced countries that governments rely not onltax increases, but also on spending
restraint to overcome the legacy of past stimulus policyiraa implication of allowing for system-
atic feedback from public debt to government spending it ah@mporary, debt-financed increase
in public demand generates expectations of future retraeatl This is a dimension of policy ad-
justment that is ignored in standard analyses of the fisaabktnission mechanism. Indeed, existing
studies generally assume that any increase in governmentlisyg today leads eventually to a one-
for-one increase in taxes, whether or not it is initially fisad by debt. Our reading of the empirical
evidence suggests that this assumption rules out an inmp@gaect of intertemporal fiscal dynamics,
i.e, the occurrence of endogenous spending reversals.

In the second part of the paper, we analyze theoretically aoticipated spending reversals alter
the transmission of government spending innovations. kisrgurpose, we specify a two-country
variant of a standard (new Keynesian) dynamic stochastiergdequilibrium (DSGE) model, where
prices and wages are adjusted infrequently in a forwar#ishgomanner and, in analogy to the afore-
mentioned fiscal rules, monetary policy is also describea Isyandard feedback rule. The model
nests the case of a closed economy, but also allows us tosaditire open-economy dimension of
the fiscal transmission mechanism, notably to derive ptiedis for the behavior of the real exchange
rate.

Our main result is that spending reversals alter the shioreffects of government spending innova-
tions through a financial channel that captures the comleiffedt of fiscal and monetary policy on
long-term interest rates. Specifically, as the privategeotpects public spending restraint to reduce
future inflation and—via the reaction function of monetanlipgy—policy rates, this will,all else
equal lead to an immediate decline in long-term real intereglsand, correspondingly, an increase
in private consumption. We show that the strength of thisiione channel depends primarily on two
features of the economy, i.e., the extent of nominal riggdiand the central bank’s stance on infla-
tion. Under a plausible parameterization, the anticipapehding reversal significantly magnifies the
size of the impact multiplier via a reduction in long-ternteirest rates. Moreover, as the reduction in
long-term interest rates is also associated with a depieciaf the real exchange rate, incorporating
spending reversals in a standard new Keynesian model goes way toward accounting for the
time-series evidence.

20ne striking case in point is California voters’ support Rnoposition 13, which has severely constrained the state
authorities’ taxing powers.

3Moreover, because taxes are commonly assumed to be lumptsertime path of taxation is irrelevant as long as
government spending is determined exogenously.

4A non-negative consumption response and real exchangdepteciation after a positive government spending shock
have been documented by many empirical studies, but posgndicint challenge for modern macroeconomic theory.
While consistent with conventional Keynesian analysis, fihding of a non-negative consumption response contsadict
both the neoclassical and the standard new Keynesian médegxchange rate depreciation in response to government



We also stress that while spending reversals mitigate redse in the private sector’s tax burden
resulting from an exogenousmporaryincrease in government spending, wealth effects play only
a minor role in explaining our results. This marks an impartdifference with respect to earlier
work by Bertola and Drazen (1993) and others. Although oahesis shares these authors’ emphasis
on the role of expectations for fiscal policy transmissiom; @sults identify a first-order effect of
expected consolidation measures through their impact ent@mporal prices, rather than through
the implied changes in private net weatth.

The remainder of the paper is organized as follows. Sectipreents our empirical strategy and
revisits the evidence on the fiscal transmission mecharts&uotion 3 outlines our theoretical model,
discusses important equilibrium relationships, and érplaur parameter choices. Section 4 presents
results from simulations on the basis of a parsimonious irgpkification. The main purpose is to
illustrate the mechanism through which spending reveedtds fiscal policy transmission. Section 5
shows results for the full-fledged model. And Section 6 codes.

2 Time-Series Evidence

We start our analysis by revisiting the time-series eviéen the effects of government spending
shocks. We focus on the U.S. economy, as this allows us to draavrich literature pursuing dif-
ferent empirical approaches. Indeed, below we will show fhegings that are robust across the
identification schemes proposed by Blanchard and PerdiiZPand Ramey (2010), respectively.
Relative to most earlier contributions, we put particulapdasis on the dynamics of key fiscal vari-
ables themselves. To this end, as in Chung and Leeper (260 aero and Giavazzi (2007), we
estimate VAR models including government débin addition, our VAR models include the U.S.
real exchange rate. Several empirical studies have foumdetsponse of this variable—a positive
government spending shock tends to cause currdapyeciatior—puzzling in light of predictions
derived from standard models of the international transimismechanism. Although we confirm the
seemingly puzzling evidence here, our quantitative aigisows how it may be understood within

spending shocks is at odds not only with the recent openeggytiterature, but also with conventional analyses drgwin
on the Mundell-Fleming model—see, for example, Dornbud®@80Q). These observations have revived the debate on the
fiscal transmission mechanism and guided theoretical attetn amend standard models, notably by considering aligen
preference specifications (e.g. Ravn et al. 2007 and Mdinacel Perotti 2008). While these approaches hold condidiera
promise, they maintain commonly employed, but restriciisgsumptions on the conduct of fiscal policy. Adopting a dsti
strategy here, we show that the predictions of a standard<egwesian model are in line with the evidence, once medium-
term fiscal dynamics are appropriately taken into account.

5The importance of expectations about the future policycstdor understanding fiscal transmission has been empha-
sized by the literature following Giavazzi and Pagano (399ke, also Sutherland (1997), Balduzzi et al. (1997), and
Perotti (1999). Yet these contributions focus on expectaghficorrections which are large enough so as to lower thalbve
tax burden of the private sector as a result of expansionseglfmeasures today.

5These authors have argued that the omission of debt fromARerivodel may lead to substantial bias in the estimated
dynamics of fiscal policy shocks. Our theoretical analysisw lends further support to this concern, as we document ho
feedback from public debt to government spending altersrémesmission mechanism.
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the standard theoretical framework, once the interactioisoal and monetary policy in both the
short and the medium term is properly accounted for.

2.1 VAR specification and identification

Our VAR model includes seven variables: government spgn@ionsumption expenditures and gross
investment) and GDP, each measured in logs of real peracapibunts; measures for the ex-ante
long-term real interest rate and inflation; the log of thd eahange rate; and the end-of-period
stock of public debt scaled by quarterly GDP. To economizéegrees of freedom, we alternately
use one of the following as the seventh variable: (i) privaesumption of non-durable goods and
services (baseline); (ii) investment, defined as the sunxeflfinvestment and durable consumption;
and (iii) the trade balance. The former two variables areesged in logs of real per-capita amounts;
the trade balance is scaled by GDP. The appendix providemgededescription of the data.

We estimate the model recursively on quarterly time-satada covering the period 1983:1-2007:4
(dependent variables), including four lags of the endogemariables, a constant, and a linear time
trend. The choice of the sample period is chiefly determinediba availability, notably with respect
to data on ex-ante long-term real interest rates. Howetalso has the advantage of focusing the
analysis on a period in which the policy framework was ardyghite stable, and macroeconomic
developments in general were characterized by relative)tritity.”

In order to identify government spending shocks, we emplay distinct strategies. The first strat-
egy, following Blanchard and Perotti (2002), relies on aciral VAR approach: identification is
achieved by restricting the contemporaneous relatiosshgiween government spending and the
other variables included in the VAR. Specifically, govermingpending is assumed to be predeter-
mined within the quarter. Under this assumption, the redtfoem residuals from a regression of
government spending on the lags of all other variables asggreted as structural innovations to
government spending. Correspondingly, we compute impelsgonse functions pertaining to inno-
vations in the first equation of the recursively estimatedrhodel.

The second identification strategy follows Ramey (2010)pwhilds on the observation that the
Blanchard-Perotti identification scheme might be compsaaiif innovations in government spend-
ing are anticipated by agents in the economy. To addresgitbidem, Ramey suggests using infor-
mation beyond what is contained in the baseline VAR modedc8igally, by drawing on the Survey
of Professional Forecasters, she computes the one-gaagad forecast error for government spend-
ing growth. This forecast error arguably provides a direesure of unanticipated innovations to

"We exclude data beyond end-2007, because the onset of the {jltancial crisis may have altered the fiscal transmis-
sion mechanism profoundly, see Corsetti et al. (2010b)hcAlgh our baseline sample comprises only post-1983 data, we
also assess the robustness of our results with respecttiogthie sample in 1975.



government spending, which Ramey includes as an additiamalble in the VAR modef. The vari-
able is ordered first, and its dynamic effects on the remgimariables are computed by recursive
estimation’

In the following we report results obtained under both idfemition strategies. First, we estimate
the baseline VAR model, identify government spending shacka Blanchard-Perotti (‘"VAR inno-
vations’), and trace out their effects on the economy (irepuesponses). Second, we add Ramey’s
shock measure (‘forecast errors’) as an additional vagjaklestimate the VAR model and compute
the impulse responses. In each case we normalize the sizestiock such that government spending
increases by one percent of GDP on imp4ct.

2.2 Results for baseline specification

Figure 1 summarizes the results obtained under the Bladdbarotti approach. Here, and in all
figures that follow, horizontal axes indicate quartersrafi® spending shock; quantity variables
are expressed in units of trend output, so that responsedmanerpreted as multipliers; the real
exchange rate is measured in percent deviations from itshpyek level, while the responses of
the long-term real interest rate and inflation are measusedeaiations from the pre-shock level
in quarterly percentage points. Results for all variable#) the exception of investment and net
exports, are obtained for the VAR model that includes peiatnsumption as the seventh varialdle.
Throughout, the solid line indicates the point estimatel e shaded area represents a 90-percent
confidence interval obtained by bootstrap sampling based@d0 repetitions.

The response of government spending, shown in the top le&lpe of particular interest for what
follows. Observe that government spending first increasesigiently, but over time undershoots
its trend value in what appears to be a self-correcting (bt-d&bilizing) pattern. Both the initial
increase and its subsequent reversal are statisticalfisgnt. A similar finding has been docu-
mented by Chung and Leeper (2007). These authors also cemgsaits between a relatively small
VAR model and a more comprehensive model which includes mowent debt. They find govern-
ment spending to be ‘self-correcting’ in the more comprehenVAR only. This underscores the

8This approach seems particularly suited to address cancegarding a misalignment of the information sets of peivat
agents and econometricians which Leeper et al. (2009) sboesult from “fiscal foresight”. In the light of the results
below, it is useful to observe that including asset pricahsas the exchange rate may also help to tackle fiscal fotesigh
(see Leeper et al. 2009).

%Building on earlier work by Ramey and Shapiro (1998) and Eelegj et al. (1999), Ramey (2010) proposes another
identification strategy centered around military news,clib8he argues provide an exogenous source of variation in gov
ernment spending. However, Ramey’s list of relevant newlsisinated by events predating our post-1983 sample, notabl
World War Il and the Korean War. Once these episodes are @ed]iRamey finds that her defense news measure has low
predictive power for either defense or total governmenndjey spending.

10Note that a few studies have used another alternative agiptogidentifying fiscal shocks based on sign restrictions,
see Mountford and Uhlig (2009), Canova and Pappa (2004,)266@ Enders et al. (2011).

"However, the results are unaffected by the choice of thts/ksable.
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Figure 1: Effects of government spending shock: VAR inniovet. Notes: solid lines indicate point

estimate; grey area: 90 percent confidence interval olwtdigebootstrap sampling. The horizontal

axis indicates quarters, the vertical axes measure dengafrom trend in percentage points of trend
output (in case of quantities); percent deviations frompheeshock level (real exchange rate); and
deviations from the pre-shock level in terms of quarterlycpatage points (real interest rate and
inflation).



importance of controlling for debt as a state varia3le.

Output, in turn, increases in a statistically significantywdth an impact multiplier of about one.
Only several quarters after the impact does it fall belowdrePrivate consumption displays a similar
pattern, although its response is not statistically sigaift. Moreover, the consumption response is
mildly hump-shaped and peaks at about one quarter of a gegE&DP. In quantitative terms, these
effects on output and consumption are smaller than thosetexhin studies by Blanchard and Perotti
(2002) and Gali et al. (2007), based on sample periodsdimgjudata since 1960. This is consistent
with the findings of Perotti (2004) and Bilbiie et al. (2008)hereby the expansionary effects of
government spending shocks are smaller in post-1980 dativesto earlier period$?

Next, investment is seen to decline considerably, as indlard and Perotti (2002), recovering its
pre-shock trend only after about seven years. Net expartsrtrast, drop only briefly (and insignif-
icantly) on impact, but then quickly start to rise. Compéeaksults from the previous literature are
inconclusive: while Kim and Roubini (2008) document an impng current account in response
to positive spending shocks, Corsetti and Miller (200&) Bionacelli and Perotti (2006) find more
mixed evidence.

After rising insignificantly on impact, the interest ratdisabelow its pre-shock level after about two
quarters. Similar findings have been reported elsewhetitterature, but have long been regarded
as difficult to reconcile with standard analyses of fiscalagionst* The real exchange rate, in turn,
depreciates sharply and significantly, remaining belomndrfer a long period after the initial spending
shock. Very similar results have been documented earli&ifmyand Roubini (2008), Monacelli and
Perotti (2006), and Ravn et al. (2007). Enders et al. (20b)fend a fall in the real exchange rate,
while using an identification scheme based on sign regdristi Lastly, Monacelli and Perotti (2006)
have documented real depreciation after a positive govenhapending shock not only for the U.S.,
but also for Australia and the UK.

The response of inflation is barely significant. After the &ajpperiod, the point estimate rises above
trend for the first three years or so, before falling belomdréor an extended period. Finally, public

2In fact, Chung and Leeper (2007) apply the criterion of Badez-Villaverde et al. (2007) to show that small VAR
systems are likely to be non-invertible as opposed to mamgeehensive VAR systems which include public debt.

BMountford and Uhlig (2009) also find no significant responiseomsumption to a deficit-financed government spending
shock, using a sign-restrictions approach.

Indeed, the empirical response of interest rates to fisdmypshocks has been a topic of extensive debate—see, for ex-
ample, Perotti (2004) and Favero and Giavazzi (2007). Rcé&aubach (2009) has investigated the relationship betw
long-horizon forward interest rates in the U.S. and chamgéke fiscal outlook as projected by the Congressional Bud-
get Office. While he finds a positive and significant relatiopswvith projected levels of government spending, Laubsch’
empirical strategy is explicitly geared toward neutralizthe effects of (i) the business cycle and (ii) monetarycyain in-
terest rates. By contrast, we are primarily interestedergtifiect of short-term variation in government spendingriarest
rates for a given monetary policy rule.

15A noteworthy exception in this literature is Beetsma et 2008), who document a real appreciation for a sample
of European countries. Similarly, Canova and Pappa (200@d)ifi their analysis of U.S. states and EMU members that
government spending shocks raise the state’s price lefeiveeto the union, implying real appreciation.
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Figure 2: Effects of government spending shock: forecast&rNotes: see figure 1; forecast errors,
computed on the basis of the Survey of Professional Forrsastre included as an additional variable
in the VAR.

debt, shown in the bottom right panel, increases signifigatd persistently, peaking around five
years after the initial spending shock. This result suggesit the increase in government spending
is to a considerable extent debt-financed, in line with teseported by Gali et al. (2007) and Bilbiie
et al. (2008).

Figure 2 reports the responses for the same set of variabtemed under Ramey'’s alternative iden-
tification scheme, which identifies fiscal innovations rigtato earlier projections by professional
forecasters. Note that our VAR model differs from Ramey’'séveral respects, notably the sample
length and the choice of variables included in the baself&R Yhodel. Nevertheless, the responses
of government spending and output are fairly similar to Rgswesults'®

18For comparison see Figure 10 in Ramey (2010). Note that Raroeyalizes the initial shock to be one percent
of government spending; our shock is equal to one percentD# @nd thus about five times as large. Ramey stresses
differences relative to the Blanchard-Perotti identifimatin terms of the response of private consumption, whiatlides
according to her estimates. Instead, we find that consumpiods to increase, albeit insignificantly. This differeric



Overall, the results from Figure 2 display a high degreemilarity with the results shown in Figure
1. This includes the fact that under the forecast error ifleation scheme government spending also
falls below trend after the initial surge, even though thelide is steeper and faster. The speed of this
spending reversal is mirrored by the dynamics of public dehich falls relatively quickly after an
initial increase. The responses of output, consumptiod jl@restment in Figure 2 display the same
dynamic adjustment as under the identification based on WhRvations (especially for the former
two quantities), but are generally insignificant. The rexs®s of the long-term real interest rate and
the real exchange rate are once again similar to our eariginfis, if somewhat more pronounced.

2.3 Sensitivity analysis

To assess the robustness of our results, we consider a noivaeiations to the baseline specification
of the VAR model. Results are shown in Figure 3 for the VAR iwetion identification (left) and
the forecast error identification (right), respectively.dach case we display the confidence bounds
computed for the baseline specification (grey area) anddire pstimates of the impulse responses
obtained under alternative specifications. The exerciggsasform are as follows. First, we allow for
a quadratic trend in addition to a linear trend in the VAR niddashed lines). Second, we replace
our measure of the long-term real interest rate, with a smipkerest rate variable, i.e., the nominal
interest rate on T-Bills (dashed-dotted lines). Since {gages data for this variable are available over
a longer time span, we estimate, in a third experiment, the Wodel including the nominal interest
rate over the sample 1975-2007 (solid lines). The beginainiis extended sample corresponds to
the start of the flexible exchange rate period, omitting ttse fiivo turbulent years after the breakdown
of the Bretton-Woods system. An inspection of the paneldgiifé 3 reveals that the results obtained
under the baseline specification are not sensitive to artysskt experiments.

Across all these models, our results also remain well in Vi@ earlier findings for the U.S. In
particular, under either identification scheme, a posgiweernment spending shock is found to cause
a significant, if contained, increase in output, a strongelgption of the real exchange rate, and a
muted response of consumption. Further, very robust firsdemgerge for the long-term real interest
rate, which tends to fall over time (three to eight quartétesrdahe shock); public debt, which initially
rises; and, last but not least, government spending itsit;h tends to decline below its trend value
some time after the shock. This latter finding points to thevance of spending reversals to fiscal
dynamics in the U.S.

results is due entirely to the choice of sample periods: Rkeney, we also find a decline in consumption if we consider
1975 as the starting date; see our sensitivity analysigtegbon Figure 3 below.
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Figure 3: Effects of government spending shock: sengitaitalysis. Notes: see figure 1; left: results

for identification based on VAR innovations; right: idertition based on forecast errors; grey area:
90 percent confidence interval for point estimate of basalpecification (see figures 1 and 2). Dashed
line: model includes quadratic trend; dashed-dotted Imeasure for long-term real interest rate is

replaced by nominal interest rate (T-Bill); solid line: galmstarts in 1975, nominal long-term interest

rate rather than real rate included in model.

3 Fiscal Policy Transmission with Spending Reversals

Standard analyses of fiscal transmission typically assumigaittle justification—that the entire
burden of debt stabilization is borne by taxes, whereasmovent spending follows some exogenous
process; see, for example, Baxter and King (1993) and Limmenand Schabert (2003). With lump-
sum taxes, then, the path of debt becomes irrelevant foetide@tiocation of the economy (Ricardian
equivalence), severely limiting the assessment of pléaigibdget policies. The starting point of
our analysis is to recognize that at least some of the dynadjicstment to a higher debt stock is
likely to rely on spending restraint. This proposition firglgpport not only in the VAR evidence
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presented in the previous section. It is also consistetit @nipirically estimated policy rules, which
indicate a statistically significant adjustment of bothregieg and taxes in response to higher debt;
see, for example, Gali and Perotti (2003). At an intuiterel, allowing for endogenous government
spending captures the reality of political constraints omegnments’ capacity to raise taxes. Canova
and Pappa (2004), for instance, document a strong stalgjlidasponse of government spending to
the debt-output ratio across U.S. states, irrespectivelwdtier state laws mandate explicit fiscal
restrictions.

In what follows, we examine how a fuller account of governbggending dynamics alters the trans-
mission of fiscal policy in a two-country new Keynesian besis cycle model. Allowing for a sys-
tematic feedback from public debt into government spenihingies a characteristic pattern whereby
short-term deficit spending becomes partially self-cdaingc Specifically, an upfront debt-financed
increase in government spending will subsequently causedspg to fall below trend (or steady-
state) levels for some time. We refer to this dynamic adjestinpath as a “spending reversal”. Our
main finding is that, because of the anticipated spendingrsay, the initial exogenous increase in
government spending exerts a stronger expansionary effieatitput, limits the crowding out of pri-
vate consumption, and depreciates the real exchange rdwgs, ©ur account of the transmission
mechanism provides an explanation for the time-serieseedid presented in Sectiort2The pre-
diction of real exchange ratepreciationis noteworthy, as it runs counter not only to traditional
analyses based on the Mundell-Fleming model, but also tdressness cycle theory (Backus et al.
1994) as well as the new Keynesian model (in the absence nélsgereversals), all of which predict
that higher government spendiagpreciateshe real exchange rate. We also stress the important role
played by nominal rigidities—the model features both pace wage stickiness—in generating our
key results.

3.1 Model structure

We assume that there are two countries, referred t @s8lome) andF’ (Foreign), each producing
a variety of country-specific intermediate goods, with thuenber of intermediate good producers
normalized to unity. A fractiom of firms is located in Home, the remaining firras, 1] is located in
Foreign. Analogously, Home accounts for a fractioa [0, 1] of the global population. Intermediate
goods are traded across borders, while final goods, whicluardles of intermediate goods, are
not. Prices of intermediate goods are sticky in producerecicy terms. Households supply labor
and capital services only within the country where theydesbut trade a complete set of state-

1"To the extent that medium-term fiscal adjustment pattereskaown to be an essential dimension of the transmission
mechanism, this paper also builds a case for refining ourrstateding of expenditure-side stimulus, going beyond the
distinction of government spending by type (investmensuesrconsumption, wages versus final goods; see Baxter and Kin
1993 and Finn 1998) or by source of short-term financing @aeesus deficit; see Ludvigson 1996).
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contingent assets internationally. Like prices, wagesde adjusted infrequently. Below, we focus
our exposition on Home. When necessary, we refer to foreagrables by means of an asterisk.
We first describe the problems faced by final and intermedjatal firms, as well as by households;
we then specify fiscal and monetary policy in terms of fee#llrates and state the market clearing
conditions.

3.1.1 Final good firms

Final goods, which are not traded across borders, are buatilomestically produced and imported
intermediate goods, used for both consumptigin and investmentX;. Let A; andB; denote bundles
of domestically produced and imported intermediate godts.final good; (F}*) is produced using
the following aggregation technology

led
o—1 o—19 77—

—0o

Fo= [0-0=nw)d, +((1-nw)?B |7, )
Fro= [ (™= + -2 ()] 77 @

whereo measures the terms of trade elasticity of the relative deinfandomestically produced
goods, and € [0, 1] provides a measure for home bi&sThe bundles of domestically and imported
intermediate goods are defined as follows

% n 1 = % 1 e—1 =
() /OAtU)edj] 8= |(125) /nBtU)edj] .

whereA,(j) andB;(j) denote intermediate goods producediirandF, respectively, and measures

Ay =

the elasticity of substitution between intermediate gqudsluced within the same country.

As final good firms operate under perfect competition, theathje of the representative firm is to
minimize expenditures subject fg = C; + X, along with the aggregation technologies (1) and (3).
The optimality condition implicitly defines a demand furctifor intermediate goods. Specifically,
let P(j) denote the price of an intermediate good expressed in dantestency and; the nominal
exchange rate (the price of domestic currency in terms e@fidorcurrency). We assume that the law
of one price holds, so thd*(;j) = £ P(j). Assuming that government consumptiéf, is a bundle
isomorphic to final goods, but consisting of domesticallydarced goods only, global demand for a

18This specification follows Sutherland (2005) and De Padi0@. Withw = 1, there is no home bias: if the relative
price of foreign and domestic goods is unity, the fractiodahestically produced goods which ends up in the production
final goods is equal ta, while imports account for a share bf- n. Importantly, final goods are identical across countries
in this case. A lower value @ implies that the fraction of domestically produced goodfrial goods exceeds the share of
domestic production in the world economy.f= 0, there is no trade in goods across countries.
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generic intermediate good producedAnand F' is, respectively:

o = () {(3) of

D/ \x — Pt*(]) - Pgt - nw UCt s — nw * C* G*}
wor = (%52) {(P) QF(Cr 4 X1) + (1= m)(X; + G +G7 | )

(1-(1—n)w)(Ct+ Xy)
+(1 = n)wQ; 7 (X7 + CY)

where price indices are given by

n T 1 -
Py = [%/0 Pt(j)ledj} , Ppr= [1 i - / Pt(j)ledj] ; (6)
P = [(1 - (1- n)w)Pj‘;U +((1- n)w)Pé;U] = , (7)
P = [nw (Pﬁt)lfa + (1 — nw) (Pgt)lfa] e , (8)

andQ@, = P,&;/ P} measures the real exchange rate.

3.1.2 Intermediate good firms

Producers of differentiated intermediate goods engagednamolistic competition, facing the de-
mand function (4). The production function is Cobb-Douglas

Yi(j) = Ke(5)* He(5)' 7, 9)

whereK;(j) andH;(j) denote, respectively, domestic capital and domestic laévices employed

by firm j € [0, n] in periodt.

Labor and capital are immobile internationally, but can dgusted freely in each period within a
country. LettinglW; denote the nominal wage rate aRdthe rental rate of capital, cost minimization
implies H;(5)/K:(j) = (1 — a)R;/(aWW;) such that marginal costs are independent of the level of
production and identical across firm&fC; = W} “R?/(a®(1 — a)'~®).

We assume that prices are set in the currency of the produacethat price setting is constrained
exogenously a la Calvo, so that in each period only a fraatibintermediate good producers ¢

¢p) may adjust its price. When firmi has the opportunity, it set8,(j) to maximize the expected
discounted value of net profits:

0 ttts YD ; 5
maxEt25P priceXinsU) [, 5) ~ MCiy,| (10)
s—0 Pt—i—s

subject to the demand function (4) and the production fonc(®). As households own the firms,
profits are discounted witp; ;1 s, which equals households’ marginal rate of substitutiotwben
consumption in period andt + s.
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3.1.3 Households

Households supply differentiated labor services. Wittdnhkecountry, they are indexed according to
labor types on the unit interval, see Erceg et al. (2000). 9dbolds engage in monopolistic com-
petition, but their ability to set wages is restricted in #s@ne way as intermediate good firms are
restricted in their ability to reoptimize prices: in eachipd only a fraction ( — &) of households
may adjust its wage. Differentiated labor servidégh), € [0, 1] are bundled into aggregate labor
services according to the following technology

H, = (/01 Ht(h)”fdh> o (11)

Letting 1W;(h) denote the wage rate for labor services of type h, the unit @bdomestic labor

services, i.e. the aggregate wage index, is given by

1 e
W, = ( / Wt(h)l”dh> . (12)
0
Optimal bundling of differentiated labor services impltes demand function
Wi(h)\ ™"
Hi(h) = | ——= H;. 13
= (M) 13)

Letting C;(h) denote consumption of househalgits utility functional is given by

Ht+s(h)”“’>

I+ (14)

E, Z B® <1H Ciys(h) =9
s=0
whereg is the discount factor} is a constant determining labor supply in steady state yaisdthe
inverse of the Frisch elasticity of labor supply.
Households own and invest in domestic capital, facing imaest adjustment costs as in Christiano
et al. (2005):

Kip1(h) = (1 = 0)Ki(h) + [1 — W(X¢(h)/Xi-1(h)))] Xe (), (15)

whered denotes the depreciation rate. The functiogoverns the transformation of current and past
investment into new installed capital. Restrictiigl) = ¥’/(1) = 0 andy = ¥”(1) > 0 ensures
that the steady-state capital stock is independent of imess adjustment costs.

We assume that households trade a complete set of staiegemttsecurities. LeE; (k) denote
the payoff in units of currency H in period+ 1 of the portfolio held by householk at the end of
periodt. With p;+11 denoting the stochastic discount factor, the budget caimstof the household

is given by

Wi(h)Hi(h) + ReKi(h) + Yy — Ti — P(Ci(h) + Xi(h)) = Bt {ptt+1Ze41(h)} — Ei(h), (16)
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whereT; and T; denote lump-sum taxes and profits of intermediate good firespectively. Both
are levied/distributed equally across households.

Under complete financial markets, households fully insgierast the idiosyncratic income risk that
results from their limited ability to adjust wages in eachipg. Households are, therefore, homoge-
neous with respect to consumption, investment decisignsaaset holdings. By contrast, households
are heterogeneous with respect to labor supply as a resafrefuent wage adjustments. Given the
household’s marginal utility of nominal incomd,, a household that is allowed to reoptimize its
wage set$V; (k) to meet the following objective

Hyy(h)'*¢

, 17
I+¢ an

max By » _(B&w)* [AHSHtJrS(h)Wt(h) —
s=0
subject to the demand for its labor service (13).

3.1.4 Fiscal and monetary policy

Government consumption is financed either through lump-swes,T;, or through the issuance of
nominal debt,D;, denominated in domestic currenéThe period budget constraint of the govern-
ment reads as follows

— + T = D + Pa Gy, (18)

where (1 + i;) is the gross return on a one-period nominally riskfree bamdich is equal to
1/Eiptis1-

Define Dr; = D,/P,—; as a measure for real beginning-of-period debt, &pd= T}/ P, as taxes

in real terms. Letting variables without time subscripiereto steady-state values, we specify the
following feedback rules

Gy =(1—-p)G+ pGi—1 —YaDpri + ¢, Tre = Y1 Dpi, (19)

wheree; represents an exogenous iid shock to government spendhmy/-parameters, which we
posit to be non-negative throughout, capture a systemegiddfack of public debt on government
spending (negative) and taxes (positive). We assume tthatrggarameter is sufficiently large to en-
sure the non-explosiveness of public debt. For instancggif= 0 we posit that taxes are raised
sufficiently strongly in response to higher outstandingtddlote, however, that = 0 implies Ri-
cardian equivalence, so the specific time path of taxes, §orem time path of government spending,
is irrelevant for the real allocation in the economy. As méitl above, this restrictive assumption
is typical in standard analyses of fiscal transmission; Igxieg the assumption and allowing for a

We assume that government consumption does not alter giodyossibilities, although it may enhance private wel-
fare. Even then, because preferences are assumed to beedyldieparable in government consumption, we do not explic
itly consider it as an argument in (14).
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feedback channel from debt to government spending, we &iovicher and more realistic dynamics
in the model economy.

Turning to monetary policy, we assume flexible exchangesratel specify policymaking by means
of an interest rate feedback rule:

. . . EY,,—Y
In(144) = pi In(1+ir—1)+(1—p;) <ln(1 +40) + dr(Edl g — I14) + ¢y%> . (20)

wherell4; = P4/ Pa;—1 measures domestic (producer price) inflation, Endenotes a measure of
aggregate output defined below. The parameter 0 measures the extent to which policy rates are
adjusted in response to expected deviations of inflatioficaumditput from steady state.

3.1.5 Equilibrium

In equilibrium, firms and households optimally choose wi@ed quantities subject to their respective
constraints, initial conditions, and policy rules, whilarkets clear. At the level of intermediate goods
we haveY;(j) = Yi(j)”, where demand is given by (4). Defining an index for aggregatput

3

Y, = (fo1 Y;t% (j)dj) ', we obtain

Y, — (%t)_U (1= (1= mw)(Ce+ X)) + (1= n)wQy *(Cf + X[)] + G (20)

Factor markets clear if
= [ G K= [ G (22)
0 0

Finally, asset markets clear by Walras’ law. Observe tloatpf— 1, Home comes to represent the
entire world economy and is thus equivalent to a genericedaconomy. In this case, expression
(21) implies:Y; = Cy + X; + Gy, asP, = Py;.

3.2 Some useful equilibrium relationships

Before turning to model simulations, we briefly discuss a &gwilibrium relationships that critically
shape the fiscal transmission mechanism in our model. Wesfagyparticular, on how current eco-
nomic activity and the real exchange rate are driven by kemgn interest rates and hence, via the
channel we highlighted in this paper, by expectations afdute policymaking. Optimal household
behavior implies that the following Euler equation will betisfied in equilibrium:

P, 1]
Pii1 Crpq

Cit:(l‘i‘it)Et [5

(23)
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Abstracting from permanent shocksand integrating forward under our preference specificati@n
obtain

(24)

This expression shows that current consumption is nedgptigtated to the weighted product of all
future short-term real interest rates. The latter is, byekectations hypothesis, equivalent to the
real rate of return on a bond of infinite duration (see, fomegke, Woodford 2003, p. 244).
Movements in long-term interest rates are, in turn, at ttegtiod the transmission mechanism through
which fiscal and monetary policy influence aggregate demandg-term rates reflect not only the
current stance of policies, but also expectations aboirtfileire course. As such, they “telescope”
anticipated future policy stances into today’s financiataitons, unfolding immediate macroeco-
nomic effects. By way of example, if households come to ekjgiat fiscal policy over the medium
run, they anticipate correspondingly lower future polieyes. These translate into an upfront drop
in long-term rates, boosting current consumption. The sppas true if households anticipate a
combination of loose fiscal and tight monetary policy.

Beyond these ramifications for domestic demand, long-teatrates are also also a key driver of real
exchange rate movements. To illustrate this point, we ralg avell-known implication of complete
international risk-sharing, i.e., the fact that the reall@nge rate moves proportionately to the ratio
of marginal utility of consumption in Home and Foreign. Sfieally, we have
cr/C*

K;Qt: Ct/c )

(25)

wherer is a positive constarit. Intuitively, under complete financial markets, foreign somption
will be high relative to home consumption whenever the fatieelatively expensive, i.e. whenever
the real exchange rate is appreciated.

Combining (24) with (25), it immediately follows that theatleexchange rate is equal to the cross-
border differential in long-term real rates. Substitutiogconsumption and using its counterpart in
Foreign, we have

d 1+i d 1+ i}
Q= lim |[E [57”} E [57”} 26
' T—><>081_[0 7 Mg /81_[0 ST (29)

By virtue of this equilibrium relationship, it is straigbtfvard to see how the expected future policy
mix drives movements in the real exchange rate today, namialghanges in long-term interest
rates. For instance, the anticipation of future fiscal rethenent in the Home country, which (as

2Note thatlim, oo 1 /Crys = 1/C, i.e. with complete markets the economy always reverts baitk steady state after
temporary shocks.
2IA detailed derivation is provided in the appendix (avaiéabh request); see also Chari et al. (2002).
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discussed above) translates into lower long-term rateshandts current demand, also depreciates
today’s real exchange rate (other things equal). This resuly no means specific to complete-
market economies. For standard model calibrations, iteasaaver virtually unchanged to the case of
a bond-only economy (see Corsetti et al. 2009).

Overall, the above equilibrium relationships illustrateest financial channel through which medium-
term fiscal adjustment is likely impact on the fiscal transimois mechanism and thus on the size of
the short-run multiplier. The role of this channel has nog¢rbéully appreciated in the literature.
Namely, as a result of the frequently made assumption thatrgment spending follows an ex-
ogenous autoregressive process (combined with offsettiagges in lump-sum taxes), the model
typically generates a rise in long-term interest rates aatlappreciation—in conflict with the time-
series evidence. Below we show how modelling fiscal regimeasricher and arguably more realistic
way may provide important insights into the fiscal transimissprecisely via their implications for
the financial channel just described.

3.3 Model parameterization

In what follows, we consider a linear approximation of thedaks equilibrium conditions around a
deterministic steady state in which government debt andtiofi are zero and trade is balanced. We
use model simulations to analyze the fiscal transmissiorhargsm in detail.

We assign parameter values for our baseline scenario orattie of observations for the U.S. (for
the period 1983-2007) and estimates established by rdlegaler studies. A period in the model
corresponds to one quarter. We assume 11, so that markups in steady state are 10 percent.
Under this assumptiory = 0.4 implies a labor share of 55 percent. We Set 0.988, thus fixing
quarterly output at ten times the capital stock. The deptici rated is set so as to account for an
investment-output ratio of 24 percent, corresponding &aterage value during the above period;
note that investment is defined as the sum of private fixedstnvent and durable consumption. For
x We assume a value of 2.48, the point estimate reported byizimd et al. (2005). For the Frisch
elasticity of labor supply we assume a value of one-thirddjirsg o = 3; see Domeij and Flodén
(2006) for recent evidence. Given these assumptions, wetsetnsure that agents spend on average
one-third of their time endowment working.

As will become clear below, nhominal rigidities play a keyeadh the transmission of government
spending shocks with spending reversals. We assumgghat0.75, implying an average price dura-
tion of four quarters—within the range of values discus$adexample, by Nakamura and Steinsson
(2008), if somewhat toward the higher end. Regarding wagjdities we sety, = 0.83 so that the
average wage duration is six quarters; this is in line witklewce reported by Barattieri et al. (2009).
For the specification of monetary policy we rely on estimatgsrted by Clarida et al. (2000) for
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a post-1982 sample. Specifically, we assume that the intextesrate is set in a forward-looking
manner g = 1) and thatp, = 1.58, ¢, = 0.14, and¢; = 0.91.

Table 1: Parameter values used in baseline model simutation

Parameter Value Target/Source

Price elasticity of demand: goods 11 Steady-state markup: 10%

Price elasticity of demand: labor v 11 Steady-state markup: 10%
Production function @ 0.4 Labor share: 55%

Discount factor (steady state) [ 0.988 Output-capital-ratio10
Depreciation rate o 0.024 Investment-output-ratiod.24
Investment adjustment X 2.48 Christiano et al. (2005)

Inverse of Frisch elasticity % 3 Domeij and Flodén (2006)

Utility weight of hours Y 73.9  Steady-state hours: 0.33

Prob. of price fixed ép 0.75  Average price duration: 4 quarters
Prob. of wages fixed &w 0.83  Average wage duration: 6 quarters

Policy rate response to inflation ¢  1.58 Clarida et al. (2000)
Policy rate response to output gapy  0.14  Clarida et al. (2000)

Policy rate smoothing Oi 0.91 Clarida et al. (2000)

Size n 0.2 Share of U.S. GDP in world output
Home bias w 0.185 Import-output-ratio: 0.12

Trade price elasticity o 0.66 Corsetti et al. (2008)

Average spending share G/Y 0.19 Sample average 1983-2007
Autocorrelation spending p 0.9 VAR evidence

Debt-sensitivity of spending g  0.02 Debt stabilization

Debt-sensitivity of taxes U 0.02 Debt stabilization

Notes: Parameter values are chosen symmetrically for threegitic and foreign economy, with the excep-
tion of country size.

Further, we posit. = 0.2 so that the domestic economy accounts for 20 percent of woolduction,

a value in line with PPP-adjusted data for the year 2008. & s#tv = 0.185 to target an average
import share of 12 percent. The trade price elastigity set equal t®.66, a value in the (admittedly
wide) range considered in the recent macroeconomic litezasee Corsetti et al. (2008) for further
discussion.

The steady-state share of government spending is assunied 16 percent, corresponding to the
period average. The paramejeis set to 0.9, capturing the persistence of government $pgnd
deviations from trend documented by many VAR studies on Jafa. Finally, we set¢ = ¢y =
0.02, implying a systematic feedback from higher public debtawdr government spending and
higher taxes. These parameter values not only ensure tddilizsng fiscal policy over time, but also
assign some role in this to spending restraint. Specificatiynitial increase in government spending
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would be followed after some time by a fall in spending belmswd, in line with the VAR evidencé.
Table 1 summarizes all parameter values defining the fulgel model.

4 The transmission mechanism with spending reversals: inghts from
a parsimonious model

We now turn to model simulations to analyze the fiscal trassimn mechanism with a focus on
the regime governing fiscal (and monetary) adjustment imibdium term. To enhance clarity, we
will do so in incremental steps, taking advantage of the faat our framework nests, as special
cases, benchmark models amply discussed in the literatwoe.in this section, we will highlight
the mechanism through which spending reversals alter thal fisansmission mechanism, using a
parsimonious version of our model. Initially, we will foces the closed economy, which by and
large corresponds to a variant of the textbook new Keynewgiagke! (e.g. Gali 2008). At the second
stage, we will also explore the open economy dimension, éitending the analysis to a baseline
two-country new Keynesian model (see e.g. Corsetti et dl0d@D An analysis of the full-fledged
model is instead provided in section 5 below.

For the parsimonious version of the model we assume thag trer no investment dynamics (i.e.,
the capital stock is constant); and we simplify the interagt rule, setting: = 0, and assuming
that there is no interest rate smoothirg & 0), and no response to the output gap- (= 0), and

a conventional value for the inflation coefficiegt.(= 1.5). In a first subsection, we let the home
economy in the model account for the entire world populaior= 1). In a second subsection, we
instead set. = 0.2 to study the domestic economy as part of a global economythA#r parameters
remain at the values specified in Table 1 in both subsectibhsoughout we analyze the dynamic
adjustment of the economy to an exogenous increase of goestrspending by one percent of GDP.

4.1 A closed-economy new Keynesian benchmark

Consider the parsimonious closed-economy version of owtetjast described. In the baseline sce-
nario, as specified in Table 1, fiscal policy features endogsrspending reversals by virtue of a
systematic feedback from debt to public expenditute (= 0.02). We start our analysis by con-
trasting the transmission mechanism under this baselioa fisgime with that under two alternative
regimes. In one of them, there is no endogenous feedback efisspendingys = 0), so that public

22sing annual observations to estimate spending and ta, @ki and Perotti (2003) report estimates for the coefiici
on debt ranging from -0.04 to 0.03 for government spendingd,feom 0 to 0.05 for taxes, in a panel of OECD members
(no breakdown by country provided). For the U.S., Bohn (}98orts estimates for the response of sheplusto debt
in a range from 0.02 to 0.05. To see that our parameter choisgres the solvency of the government—fiscal policy is
‘passive’ in the sense of Leeper (1991)—consider a linepragimation of the equilibrium conditions around the stead
state: abstracting from autocorrelation of governmenndjpgy and assuming an ‘active monetary policy’, debt sitgbil
holds if1 — ¢¢ — ¥ < 8.
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Figure 4: Effects of government spending shock in parsiowsiclosed-economy model. Notes:

responses are shown for fiscal baseline scenario with endagespending reversal (solid lines), no-
reversal scenario (dashed lines), and unchanged tax bso#ggrario (dashed-dotted lines); parame-
terization otherwise as in Table 1, except foe= 1, no investment dynamics, and simplified interest
rate rule. Responses are measured in deviations from sséatgy in output units for quantities; and

in percent for interest rates and inflation. Horizontal axessure time in quarters.

demand is driven by an autoregressive process and debbikzetd exclusively through higher taxes
(no spending reversalf. This is the regime typically assumed in the literature. Uride other fiscal
regime, we maintain that government spending is exogermisssume that the initial temporary
spending increase is offset, in present value terms, by 3 perananent reduction in government
spending that takes effect immediately. Consequentliygfmont fiscal stimulus has no effect at all
on the tax burden borne by the private sector under this @imchanged tax burden).

Figure 4 displays the impulse responses of selected vasablan exogenous increase in government
spending by one percent of GDP. The solid lines show the trd@rg of the model economy under the
baseline specification with endogenous spending reverbdk the dashed lines display the results
for the no-reversal case){ = 0). The dashed-dotted lines, in turn, indicate the scenaitio an
unchanged overall tax burden. Here, and in what followgaeses are measured in deviations from
steady state: in output units for all quantities, and in petéor interest rates and inflation. Horizontal
axes measure time in quarters.

Focus initially on the first two regimes, with and without thiedogenous spending reversal. Under
our baseline, government spending increases on impacsutnsequently eases in response to the

ZAs taxes are lump-sum and government spending is exogetimiparticular time path of taxes is irrelevant for the
allocation in the economy (Ricardian equivalence).
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rising debt stock, to the point of falling below trend somghiquarters after the initial shock. This is
in sharp contrast to the no-reversal regime, in which gavemt spending remains above steady-state
levels throughout, accompanied by an increase in taxestWideegimes imply markedly different
consumption and output dynamics. The reversal case featusggnificant initial increase in con-
sumption, followed by a decline in later periods. Withoweesal, instead, private consumption
declines strongly on impact before returning to steadyesafier about 10 quarters. The impact re-
sponse of output is correspondingly stronger in the reVeesse, revealing a greater expansionary
effect for the same upfront fiscal impulse.

As the overall tax burden on households is higher in the atgsefspending reversals, it is natural
to think that differences in consumption (and output) bétragicross the two scenarios are driven
by the effect of alternative public spending paths on pewaealth. Such “wealth effects”, caused
by changes in government spending, have indeed receivesiderable attention in the literature.
However, their quantitative relevance is readily seen tdirbiged in the case of a temporary fiscal
expansion considered hete.Our third fiscal regime is specified precisely to illustratés tpoint.
Under this regime, private agents face no change in the preakie of taxes and hence no adverse
wealth effect from the upfront increase in government spendNonetheless, consumption drops
on impact and the response of output is hardly discerniloin fthe no-reversal scenario. In fact,
consumption exceeds that in the no-reversal scenario byali amount only (about 0.06 percent of
GDP), reflecting the size of the permanent cut in governmeending?®

If wealth effects do not account for the differences in atipent dynamics across the three fiscal
regimes, the true driver is intertemporal substitutiondeled, the specific pattern of government
spending under each of the fiscal regimes interacts with taoneolicy to generate a distinct path
for real interest rates, which in turn pins down intertengb@onsumption choices. To clarify this
point, Figure 4 includes panels for inflation, the policyeraand the long-term real rate. While the
responses of these variables are virtually identical utttetwo fiscal regimes without endogenous
spending reversal, the baseline scenario is distinguibliedsizeable fall in inflation below steady-
state rates a few quarters after the initial spending shbinflation, in turn, induces a commen-
surate decline of the (nominal) policy rate; and becaus@d#yéor principle is satisfied, the ex-ante
real short-term interest rate declines as well (not shovBy)the logic of the expectations hypoth-
esis, this anticipated decline in future short-term ragesnmediately reflected in current long-term
rates. Specifically, the long-term real rate declines baltmady-state levels in our baseline scenario,

%This is a direct implication of the permanent income hypsithe Thus, while Baxter and King (1993) stress that an
increase in government spending “has a negative wealtbteffeprivate individuals” (p. 321), they also make cleat tha
size of this effect depends critically on the persistenadefgovernment spending shock.

2The same point is stressed by Hall (2009), who uses a sligtiterent setup to neutralize the tax burden of a temporary
spending increase. He finds the implications for the consiempesponse “trivial in magnitude” (p. 213).
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Figure 5: Effects of government spending shock under enamgespending reversal with (solid lines)
and without nominal rigidities (dashed lines). Notes: sigeiife 4.

whereas it increases persistently in the absence of endagepending reversai$Lower long-term
rates account, finally, for the stronger initial expansiboansumption and output in the reversal sce-
nario, as discussed in Section 3.2 above.

So far, we have highlighted the important role of mediunmtéiscal adjustment patterns in driving
long-term interest rates and hence intertemporal allocatecisions. However, the specific time path
of real interest rates also depends on the price-settingvi@hof the private sector as well as the
precise response function of the central bank. To elucithégeoint, we now contrast predictions of
our model economy with and without nominal rigidities—ilegt prices and wages be fully flexible
(Ep = &w = 0)—keeping unchanged the fiscal regime with endogenous sggrelersals. So, any
difference from our baseline results can be naturallylatted to the absence of nhominal rigidities.
At the same time, the experiment provides a measure for tleatto which monetary policy fails to
maintain the “natural” allocation under the baseline scenae. the allocation which prevails in the
absence of nominal rigidities.

Figure 5 presents the results, comparing our baselinefggitin with nominal rigidities (solid lines)
to the new specification with flexible prices and wages (da$ihes). Without nominal rigidities, two
crucial characteristics of the baseline reversal scemae@bsent. In particular, private consumption
now mirrors perfectly the dynamics of government spendiog (eft panel): consumption falls on
impact when government spending is high (and overall ressuare correspondingly scarce), and

%For the third fiscal regime, we do not display the long-terad iterest rate, as it is not well defined in case of permanent
deviations from steady state (see section 3.2).
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peaks when government spending reaches its through (ingphglatively abundant resources); it
does not return to its steady-state level until the publensiing increase has tapered off. These dy-
namics reflect a path for real interest rates that accuraighals the relative scarcity of resources
over time: in the absence of nominal rigidities, the longrieeal rate increases considerably on im-
pact, depressing consumption, and falls below steadg-&etls exactly when government spending
drops below trend, thus crowding in private demand.

Compared to this flexible-price/wage allocation, nomimgitities imply that more of the initial ex-
pansion in demand will be accommodated by an endogenousaseiin output. Specifically, with
sticky prices and wages and a standard Taylor rule, themmisensumption materializes well ahead
of the fall in public spending, causing a larger upfront @ase in output. The key to these dynamics
is the anticipation of the spending reversal and its implcefor price-setting and monetary policy.
Since prices and wages are set in a staggered fashion, tménipdiscal retrenchment already exerts
a disinflationary effect before actual spending is cut: Bequal, firms and households find it op-
timal to reduce prices and wages some time ahead of the speradiersal. Lower inflation, in turn,
induces an earlier reduction in policy rates, bringing farsithe switch to an expansionary monetary
stance. As a result, the long-term real rate declines ondtpaosting consumption. These effects
are naturally absent when prices and wages are fully flexiternatively, in the presence of nomi-
nal rigidities, a more aggressive monetary stance—geavedttls neutralizing the effects of nominal
rigidities and captured by a higher inflation coefficientseahduces an impact increase of long-term
rates and prevents the stimulating effect of anticipatednsals on impact/

The key insight from our inspection of the model so far carstbhe summarized as follows: the
impact of short-term fiscal stimulus depends critically ooy on the particular policy measure taken
today, but also on expectations about the future coursea#lfend monetary policy. In particular,
anticipation of a future government spending reversal eserthe expansionary impact of upfront
fiscal stimulus by crowding in private consumption. Wealtle@s, from a lower future tax burden,
are unimportant for this result. Instead, the crowdingsidiiven by intertemporal substitution, as
households respond to a drop in long-term real interess r&ar this to happen, anticipation of fiscal
retrenchment in the future must translate into sufficieattpng expectations of future interest rate
cuts, requiring nominal rigidities and a monetary autlydtitat does not respond too aggressively to
inflation 28

2’Results from model simulations are available on requeste Nwwever, that monetary policy is generally unable to
fully maintain the natural allocation if pricesd wages are adjusted infrequently.

235ee Woodford (2010) for a lucid analysis of the role of monepmlicy in fiscal policy transmission without spending
reversals.
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Figure 6: Effects of government spending shock in parsimuimodel: closed vs open economy.
Notes: solid lines denote baseline reversal scenario insedleconomyr( = 1); dashed lines: open
economy { = 0.2) version with spending reversal.

4.2 The open economy

Having analyzed the fiscal transmission mechanism in arpargous closed-economy setting, we
now turn to the open economy dimension. For now, we maintenelative parsimony of the model
analyzed in the previous section, but introduce the opem@ny dimension assuming that the do-
mestic economy accounts for 20 percent of the world econdfigure 6 displays the impulse re-
sponses (dashed lines). To visualize the effect of opentiesgraphs also report the responses for
our earlier closed-economy baseline (solid lines).

Overall, the impulse responses for the open economy are sjuiilar to those of the closed economy.
The only detectable difference concerns consumption, lwinicreases somewhat less on impact in
the open economy. Intuitively, to the extent that domestiadeholds consume both domestically
produced and imported goods, the level of consumption faietess in response to domestic shocks.
Yet there are two new results. First, the lower panels of fleigushow the responses of the long-term
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real interest rate and the real exchange rate. As foreshatimwSection 3.2 above, the two variables
move in lockstep: as the long-term real rate eases in resfiortise spending shock, the real exchange
rate depreciate®. This result is important insofar as it replicates qualiliy the evidence from our
VAR analysis in Section 2 and from other empirical studies.b& sure, the depreciation shown in
Figure 6 is comparatively modest in quantitative termsll,Stie simulated response aligns more
closely with the empirical evidence than standard thewaethodels, which predict almost uniformly
that a positive spending shock cannot but appreciate thexehange rate.

Second, the model predicts a deterioration of net exparggther with the increase in public debt.
The model thus lends support to the notion of twin deficiteerfnforming the policy debate, but not
necessarily consistent with the evidence. Indeed, in ouR MA&e do not find strong evidence of an

external imbalance following a spending expansion.

5 Simulation results for full-fledged model

We are finally in a position to discuss simulation resultgherfully specified model, which allows for
investment dynamics and a empirically plausible specifioaif the interest rate feedback rule (Table
1). Results are displayed in Figure 7. We contrast respdosdise endogenous spending reversal
case (solid lines) with those obtained in the absence ofsale(dashed lines). In general, the results
are similar to those depicted in Figures 4 and 6 above, stiggabat the mechanisms discussed
above still govern the dynamic adjustment to governmennding innovations in a substantially
more complex model.

There are nonetheless two important differences. A firsalmetdifference arises from the speci-
fication of monetary policy in the full model, which incorgdes a response to the output gap and
interest-rate smoothing. As a result of smoothing, thecgalate exhibits a hump-shaped adjust-
ment path, which partly carries over to real interest ratessumption, and the real exchange rate.
We stress, however, that the richer and arguably more tieadgecification of monetary policy does
not affect our main conclusion: anticipated spending aierdo induce a decline in long-term real
interest rates that coincides with a rise in consumptionaadepreciation of the real exchange réte.
Second, the richer specification of our full model allowsaprovide insights on the joint dynamics
of investment and net exports. Specifically, we find that thtal fiscal expansion systematically
crowds out investment in the short run, irrespective of whaissumed about government spending
reversals. As a consequence, and in contrast to our eatialts displayed in Figure 6, net exports

The high co-movement also indicates that foreign long-tezai rates are not much affected by the domestic shock.
This is generally the case for foreign variables, reflectig the domestic economy accounts for 20 percent only. IResu
are available on request.

%0Note that whether monetary policy aims to stabilize CPleathan domestic inflation is of little quantitative impor-
tance. Results are available on request.
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Figure 7: Effects of government spending shock in fully $ipett two-country model. Notes: re-
sponses are measured in deviations from steady state snafratitput; solid lines: fiscal policy with
spending reversal; dashed lines: no reversal.
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now improve in both scenarios, although the effect is quitetained. Also in this dimension, the
model’s prediction of no crowding-out of net exports (alavith real depreciation) accords well with
the empirical evidence discussed in Sectiofl 2.

6 Conclusion

This paper contributes to the ongoing debate on the shoreffects of fiscal policy by highlighting
the crucial role of medium-term fiscal adjustment patteEngsting theoretical studies on fiscal policy
typically assume that any change in today’s level of goveminspending gives rise to a one-for-one
change in the tax burden. This assumption rules out the lbitysthat current spending increases
may also be offset, at least in part, by a reduction of spenbeiow trend levels in the future. Yet,
such endogenous spending dynamics are highly plausiblen gractical limits to debt accumulation
and voters’ resistance to ever-higher taxes. One obvioug pocase is the experience of many
advanced economies today, as governments curtail speimdarigid to stabilize the large debt stocks
resulting from earlier stimulus policies adopted in resgto the global financial crisis.

Our formal analysis shows indeed that ruling out fiscal cbdaton via spending restraint is bound to
miss an important aspect of the fiscal transmission mecmarigst, estimating a VAR on U.S. data,
we confirm the empirical relevance of spending reversals,a.tendency for government spending to
fall below trend levels a few quarters after an initial irese, thus contributing to debt stabilization.
Second, we find that allowing for such spending reversatssafirofoundly the short-run effects of
government spending innovations within an otherwise stethdew Keynesian model. Specifically,
expected spending reversals tend to magnify the expangiefiact of temporary government spend-
ing increases via a reduction in long-term interest ratestannduce a decline of the real exchange
rate. They thereby help to align the model’s predictionéifie time-series evidence.

Given our focus on post—1975 US data in this paper, one stiagequestion for future research is
to what extent spending reversals can also be found acrossaiuntries and time periods, and how
their presence may relate to economic or institutionabfagtsuch as the initial level of indebtedness.
In any event, one fairly general conclusion from our studgasons the need for economic models
to encompass sufficiently rich dynamics in policy adjustine@n the fiscal side, this entails, in
particular, recognizing how medium-term spending and teiaes are circumscribed by the overall
health of public finances—a topic on which the current exgreré of advanced countries is bound to
provide important further lessons in the period ahead.

31The above results are also robust with respect to a numbearizftions in our setup. First, assuming that there is a
distortionary income tax rather than lump-sum taxes whajhsis gradually in response to deviations of public dedtnfr
steady state hardly affects our results. Results are alaitan request. Second, as shown in the working paper veo$ion
this paper, assuming incomplete financial markets or lingiisset-market participation also leaves the effect aidipg
reversals on the fiscal transmission mechanism intact (sese@i et al. 2009).
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A Data sources

Quantity variables are obtained from the National IncontRroduct Accounts (NIPA) provided by
the Bureau of Economic Analysis and deflated with the GDP tbefl&sovernment spending com-
prises consumption expenditure and gross investmengtprsonsumption is personal consumption
expenditure on non-durable goods and services; investisigndss private domestic investment and
personal consumption expenditures on durable goods. Netexof goods and services are scaled
by GDP. Population figures are also obtained from NIPA. Tla¢ egchange rate is provided by the
OECD and measured in terms of consumer prices (CPI); andsereorresponds to an appreciation of
the domestic currency. The ex ante long-term real inteegstis constructed from the nominal yield
on 10-year U.S. treasuries and a corresponding time sefrie@-pear-ahead inflation expectations.
The latter is constructed by combining data from Blue Chiprigsnic Indicators (1980Q1-1991Q1),
Livingston Survey (1990Q2-1991Q2), and Survey of Profasali Forecasters (1991Q4-2007Q4), all
obtained from the Philadelphia Fed, with linear interpolatfor missing quarters in the first part of
the sample. Debt is federal debt held by the public (FYGFDRANd T-Bill rate is the quarterly av-
erage of the monthly observations (TB3MS), both obtainechfthe FRED database at the St. Louis
Fed. Inflation is measured as the quarterly change of the Gll&tdr. Inflation and interest rates are
expressed in percent per quarter. The measure of ‘defemse c@mputed on the basis of the Survey
of Professional Forecasters was kindly provided by ValRaeney.
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