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1 Introduction

Five years after the financial crisis, fiscal policy is at the heart of policy de-
bates. Many European governments struggle with the debt they accumulated
because of their fiscal response to the financial crisis. In the US, the debt
ceiling, and cuts to transfer programs or direct tax increases to finance the
government deficit are key policy issues that point to the costs of increased
government spending. At the same time, it is often argued that the effect of
government spending on GDP and unemployment is larger in a financial crisis,
making discretionary spending more attractive. In this paper, we bring both
aspects of “fiscal stimulus” together. We quantify the size, uncertainty, and
sensitivity of fiscal multipliers in response to a fiscal stimulus, as in the Amer-
ican Recovery and Reinvestment Act (ARRA) of 2009 in the United States,
using an extension of a benchmark New Keynesian model.

Purists might disagree with the focus on the size of fiscal multipliers. Policy
should care about welfare, rather than derivative measures such as GDP or
unemployment. Policy should solve a Mirrlees-Ramsey problem and use the
best combinations of available tools to maximize welfare, subject to constraints
imposed by markets and the asymmetry of information. We do not disagree.
Indeed, there is considerable literature on these topics. We address welfare
issues in section 6, but they are not the main focus of this paper.

Many public debates focus on the effects of fiscal spending on GDP and
unemployment. Economists have the tools to answer these questions, and
therefore, perhaps they should. Several recent papers have addressed these
issues. This paper seeks to contribute to this emerging literature. We quan-
tify the relative importance of the optimistic analysis of fiscal policy in New
Keynesian models of the zero lower bound (ZLB) (e.g., Eggertsson (2010) and
Christiano et al. (2011)) relative to the pessimistic assessment of fiscal policy
in a neoclassical growth model with distortionary taxes as in Uhlig (2010b).
We therefore use a model that adds many New Keynesian frictions to the
backbone of the neoclassical growth model with distortionary taxes. Building

on Smets and Wouters (2007), frictions in our model include sticky prices and



wages, but we also incorporate the ZLB and credit-constrained consumers.

In a nutshell, we find: While the benchmark long-run multiplier is mod-
estly negative, rather than substantially negative as in the pure neoclassical
model, and while the precise answer is sensitive to some key assumptions and
uncertain parameters, much of the pessimistic assessment survives indeed. For
a benchmark parameterization, we find modestly positive short-run multipli-
ers with a posterior mean of 0.53 and modestly negative long-run multipliers
centered around -0.36. The multiplier is particularly sensitive to the fraction
of transfers given to rule-of-thumb consumers, the anticipated length of the
zero lower bound, and is nonlinear in the degree of price and wage stickiness.

Using a simple three-equation analogue to our full New Keynesian model,
we show that three effects are crucial for understanding our results. First,
higher future distortionary taxes have negative neoclassical wealth effects to-
day. Because taxes respond only slowly to the deficit, disincentives to work
and inflationary pressure tend to arise after the ZLB. Depressed private con-
sumption after the ZLB lowers private demand at the ZLB as agents smooth
consumption. While this first effect may suggest that government expendi-
ture should be financed immediately, this ignores the second effect of taxes
in our model. The second effect is a traditional Keynesian demand effect of
taxes, which comes from rule-of-thumb agents consuming their current net
income each period. This demand effect can push the multiplier below one
even if taxes are only adjusted at the ZLB. Both negative effects of distor-
tionary taxes contrast with the influential analysis of fiscal policies at the ZLB
by Eggertsson (2010). He shows that tax increases can increase consumption
demand through a substitution effect: Labor tax increases may lower the real
interest rate by raising inflation at the ZLB. This positive intertemporal sub-
stitution effect is the third key effect in the model. While the overall effect of
deficit-financed stimulus on private demand is therefore theoretically ambigu-
ous, we find that the overall effect is negative in our estimated quantitative
model.

We view the following elements as important for a quantitative analysis of
fiscal stimulus at the ZLB. First, the ZLB has to be incorporated: In Eggerts-



son (2010) and Christiano et al. (2011) monetary policy and its restrictions
due to the ZLB on interest rates matter substantially for the effectiveness of
fiscal stimulus. Second, credit-constrained agents are important for analyzing
government expenditure and transfers. Gali et al. (2007) have made this point
for government consumption, while Coenen et al. (2012) argue that transfers
to credit-constrained households matter substantially, similar to our paper. In
contrast to our paper, they abstract from distortionary taxes and the empiri-
cally observed build-up in the stimulus spending. Third, the analysis of gov-
ernment expenditure programs has long recognized that fiscal stimulus takes
time in practice. This is also true for the ARRA, despite calls for immediate
actions as in Spilimbergo et al. (2008). It therefore serves as a useful bench-
mark and example for the speed at which fiscal policy tools can be deployed, as
emphasized by Cogan et al. (2010). Beyond these elements with a Keynesian
flavor, we acknowledge that government expenditures are financed eventually
with distortionary taxes, creating costly disincentive effects, a point empha-
sized by Uhlig (2010b). Finally, model coefficients are uncertain and results
are sensitive to specific assumptions. We therefore use Bayesian estimation
techniques as well as sensitivity analysis to quantify the uncertainty in our
answers. As Leeper et al. (2011) have pointed out, the New Keynesian model
we use here together with its prior is already an important determinant of our
answers. This is desirable: The model assumptions should be crucial. The
Bayesian estimation serves to quantify the results more sharply and to inform
us about the overall posterior uncertainty.

The analysis here has much in common with, and is inspired by, Cogan
et al. (2010), but there are a number of important differences. First, our anal-
ysis emphasizes the determinants of the fiscal multiplier, both qualitatively
and quantitatively. Second, we consider a more detailed fiscal sector to better
reflect the ARRA stimulus, even though we also start from the Smets and
Wouters (2007) New Keynesian model. The fiscal sector in our model differs
along several dimensions to better reflect the empirical stimulus. In our model,
revenues are raised through distortionary taxation, and we introduce credit-

constrained consumers in our benchmark model, breaking Ricardian equiva-



lence and making transfers a central part of our analysis. Indeed, transfers
comprise 59% of the ARRA, but their analysis has (necessarily) been absent
in Cogan et al. (2010). Another sizable part of the ARRA takes the form
of government investment; we therefore extend the model to feature govern-
ment capital. Finally, we study the interaction with monetary policy, when
constrained by a ZLB. We focus on a deterministic duration of the ZLB but
show in an extension that our results are robust to endogenizing its dura-
tion. Besides these modeling extensions, we discuss the intuition behind the
main determinants of the fiscal multiplier. In our analysis, we highlight the
importance of rigid wages rather than rigid prices in the presence of credit-
constrained households: With rigid wages and constrained households, labor
taxes have an additional aggregate demand effect, absent from a model with
only sticky prices.

Our focus is on the positive analysis of the ARRA, not on optimal fiscal
policy. Indeed, optimal policy need not involve government expenditure at all,
as pointed out by Correia et al. (2010). They have shown that when consump-
tion tax rates are a policy instrument, adjusting tax rates can substitute for
adjusting interest rates, thereby circumventing the ZLB.

We compute the welfare effects of the policy intervention separately for
credit-constrained and unconstrained agents. The effects on unconstrained
agents are significantly negative but small because they are close to their
unconstrained optimum. As credit-constrained agents have a higher rate of
time preference, we consider a range of rates of time preference, up to 30%
higher than those of unconstrained agents on an annual basis. If agents are
not too impatient, the welfare gains through higher short-run consumption are
more than offset by the disutility of hours worked and the lower consumption
in the transition back to the balanced growth path. However, starting at rates
of time preference about 15% higher than that of unconstrained agents, the
welfare effects become significantly positive for constrained agents.

The New Keynesian models underlying our analysis have also been crit-
icized considerably for their lack of a financial sector, a feature likely to be

important for understanding the events of 2008 (see Uhlig, 2010a; Krugman,



2009; Buiter, 2009). We agree with this critique and therefore feature a finan-
cial friction per the “short cut” of allowing for time-varying wedges between
the central bank interest rate, government bond rates, and the return to pri-
vate capital, following Hall (2011). Our estimates show that these wedges are
indeed the key to understanding the recession. Understanding their nature
more deeply should therefore be high on the research agenda, but it is not the
focus of this paper and is beyond its scope. In our paper, incorporating these
financial frictions enables us to plausibly endogenize the ZLB duration.

Several recent contributions have analyzed fiscal policy in the workhorse
three-equation New Keynesian model in more detail. Farhi and Werning (2012)
show that multipliers are strictly increasing in price flexibility and backload-
ing of the stimulus spending during the ZLB. Our simple model shows that
when taking the financing of fiscal stimulus into account, more flexibility can,
in contrast, lower the financed spending multiplier. Braun et al. (2012) and
Mertens and Ravn (2013) analyze a non-linear version of the workhorse model.
Braun et al. (2012) question whether standard log-linearization is appropriate
for analyzing fiscal policy at the ZLB since the economy may be far away from
its steady state. Their non-linear analysis implies substantially smaller multi-
pliers. Mertens and Ravn (2013) argue that the cause of the ZLB matters and
propose a sunspot shock as the underlying cause. A sunspot ZLB equilibrium
implies in their analysis that labor tax cuts are actually more effective than
government spending at stimulating the economy.! While these mechanisms
are outside our model, we view their pessimistic analysis of the effectiveness of
fiscal stimulus as complementary to our findings. Fernandez-Villaverde et al.
(2011) point out that at the ZLB, future labor market reforms are particularly
important, as the positive wealth effect stimulates demand during the ZLB.
This argument is the flip side of our finding that the negative wealth effect
due to distortionary taxes also matters for low short-run multipliers.

Aside from the contributions previously cited, the analysis here is related

to a number of additional structural quantitative contributions, notably by

! Aruoba and Schorfheide (2012) estimate a small-scale sunspot model of the ZLB, but
find that sunspot regime switches played only a minor role for the US.



Erceg and Linde (2010), as well as Leeper and various co-authors (Davig and
Leeper, 2009; Leeper et al., 2010, 2009). In a model that also features dis-
tortionary taxes, rule-of-thumb consumers, and financial frictions, Erceg and
Linde (2010) point out that the marginal multiplier differs from the average
multiplier: If the stimulus is successful, the economy leaves the binding ZLB
earlier, and the effect of additional spending is reduced. We address this issue
by endogenizing the duration of the ZLB in robustness tests. A key difference
is their focus on the short run when the effects of adjusting distortionary taxes
instead of transfers matter less. Leeper et al. (2010) allow future government
consumption and transfers to adjust in order to rebalance the government bud-
get, and they find that adjusting spending and transfers in addition to taxes
raises the multiplier. Leeper et al. (2009) point out the importance of produc-
tive government investment and government capital, Davig and Leeper (2009)
allow for fiscal policy to switch between passive and active regimes in a New
Keynesian model. Interestingly, they find the largest difference in multipliers
due to switches in the monetary policy regime, which we address by varying
the ZLB duration.

Besides the structural literature, a growing body of literature has empiri-
cally analyzed multipliers and employment effects of fiscal policy. A contribu-
tion closely related to our paper is by Conley and Dupor (2012), who inves-
tigate the ARRA employment effects at the state level. They find that only
government employment has increased significantly, while private employment
effects are not significantly different from zero. Even though they consider
a ZLB episode, their findings are in line with the aggregate time series evi-
dence in Barro and Redlick (2011) and Ramey (2011). In their sample, Barro
and Redlick (2011) find short-run multipliers significantly below one that do
not vary significantly with the business cycle. Ramey (2011) concludes that
government spending does not tend to increase private activity — suggesting
that the multiplier is not larger than one. While her finding on the overall
private-sector activity is in line with our main finding, she does not find sig-
nificant effect of marginal tax rates on private activity, unlike our model. This

may be because tax rates respond only slowly to deficits, as in our model,



and may therefore be hard to detect in an estimation exercise. Also, Barro
and Redlick (2011) do find significant negative effects of higher marginal tax
rates on GDP. Other estimates of multipliers also point to the importance of
financing effects, even at the state level, where fiscal policy can be analyzed as
if interest rates were held constant. While Shoag (2010) finds multipliers sig-
nificantly in excess of unity at the state level using pension windfalls, Clemens
and Miran (2012) find multipliers smaller than one when using variation in
state spending financed by states themselves. Clemens and Miran (2012) ex-
plain this difference with the importance of Ricardian elements, in line with
the theoretical analysis in Farhi and Werning (2012).

The paper is structured as follows. Section 2 gives an overview of the
model. Section 3 discusses the estimation and calibration procedure. It also
provides a decomposition of the shocks driving the 2007-2009 recession. Sec-
tion 4 presents the main results on the multiplier. Section 5 provides a sensi-
tivity analysis and explains empirical results using an extended version of the
three-equation New Keynesian model. Section 6 discusses welfare effects. The
analysis is complemented by a detailed Technical Appendix which provides all
model details as well as code for replicating our results or calculating other

fiscal experiments. Section 7 concludes.

2 The model

The model is an extension of Smets and Wouters (2007), and we refer the
reader to that paper and to the Technical Appendix for the complete details.
Here we provide a brief overview and describe the extensions.

The Smets and Wouters (2007) model is a New Keynesian model, set in dis-
crete time. There is a continuum of households. Workers supply homogeneous
labor. Unions differentiate the labor supplied by households and set wages
for each type of labor in monopolistic competition. Wages are Calvo-sticky.
There is a continuum of intermediate good firms. They supply intermediate
goods in monopolistic competition. They set prices. Prices are Calvo-sticky.

Final goods use intermediate goods. Final goods are produced in perfect com-



petition. Households have preferences for final goods, allowing for habit for-
mation and leisure. Capital is produced by investing in final goods, subject
to adjustment costs: Given installed capital and previous-period investment,
the marginal product of investment for producing new capital is decreasing.
There is variable capital utilization.

We extend the model with several features: We constrain the interest
rate set by the central bank to be nonnegative. The government raises rev-
enues with distortionary taxation. We introduce credit-constrained consumers.
There is productive government capital. We introduce a wedge between various
returns as a stand-in for financial frictions. We adopt the notation convention

that variables indexed as t are known in period t.

2.1 The zero lower bound

The monetary authority follows a Taylor-type rule, but interest rates may
be held constant for a deterministic period of time. We alternatively also
consider interest bounded below by a constant slightly above zero, resulting
in an endogenous ZLB duration. It is easier to describe these scenarios in
their log-linearized form: For the original version, the reader is referred to the
Technical Appendix.

In our benchmark scenario, the central bank keeps the interest rate at its
historical level of 2008:4 for k quarters. Households fully anticipate this policy.
Let RT® denote the log-deviation of the shadow Taylor Rule return, given by:

RTR = (1 — pr)fe 4+ a(1— p) (@ — )

s Ay — 1) + prRIT + ms,

where 7; is the log-deviation for inflation, g; is the log-deviation for output,
gjf is the log-deviation in the flexible-price version of the economy and ms; is
a shock to the interest rate set by the central bank.

The effective interest rate in our benchmark scenario is then given by:

RFFE — (1 — ZLB,) R + ZLB,RITE,
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where ZLB; is an indicator function modeling that takes the value of one
while the ZLB binds and is otherwise zero. At the ZLB, the central bank
return equals its historical starting value, Rg FR

When endogenizing the ZLB duration, the central bank sets the log-deviation

of the central bank return to
RIFE — max{(1 — RFFR) + ¢ RTEY,

where RFFE is the steady state nominal return and € > 0 is a constant set

slightly above zero, for technical reasons (and set to € = % in the numer-
ical calculations, implying a lower bound of 25 basis points for the central
bank interest rate). To implement this specification, we need to estimate the
counterfactual level of the interest rate R} when the ZLB is binding. The

estimation is discussed in section 3.2.

2.2 Households, distortionary taxation, and financial

frictions

A fraction 1—¢ of the household is unconstrained and solves an infinite-horizon

maximization problem. The preferences of such a household, j, are

gﬁs (1 ! —(cu(j) - hcfﬁglr)l—”) exp (T;i ntmm)] e

U=E

where ¢(7) is consumption of household j, n;(j) is its labor supply and cta 8t
is aggregate consumption. h € [0,1) captures external habit formation, o
denotes the inverse of the intertemporal elasticity of substitution, and v equals
the inverse of the labor supply elasticity. Households discount the future by
B e (0,1).

Following Trabandt and Uhlig (2011), we assume that the government
provides transfers and collects linear taxes on labor income, capital income

net of depreciation as well as consumption, adapted to the model here. The



budget constraint of household j is therefore given by

. . Bi(j
(L+ 7)) + i) + iy
B (4
< S;mconstrjL t;(]) +(1_7}n)% (nt(j)“—)\w,tnt(aggr)) 1
t t

+(a- f’f)(Rf D) o) +074) (0 = kR + k) +

and the capital accumulation constraint is given by

0 = S (1- (205 ) ) )

zi-1(7)

where ¢;(j) is consumption, z4(j) is investment, B} |(j) are nominal govern-
ment bond holdings, n,(j) is labor, k' ,(j) is private capital, and wu.(j) is
capacity utilization, all of household j and chosen by household j. R?* is the
nominal return for the one-period government bond from ¢ to ¢ + 1 set at date
t, nt(aggr) is aggregate labor, P, is the aggregate price level, W, is aggregate
wages, A, is the aggregate markup from union-determined wages, RY is the
undistorted return on capital, and w! is a friction or wedge on private capital
markets. In the budget constraint, note that w’ enters as a variable known at
date t — 1, so that the distortions to future capital returns affect investment
in the current period. Also note that individual losses due to this wedge are
redistributed in the aggregate, so that the wedge distorts investment decisions
but does not destroy aggregate resources directly. IIY is nominal firm profits,
qf,, is an investment-specific technology parameter; {(-) captures adjustment

costs, satisfying &(u) = &'(u) = 0,&” > 0; 7¢, 7, 7% are taxes; sHCONSIT 5

re
real transfers to unconstrained households, all taken as given by household
j; and a(-) represents the strictly increasing and strictly convex cost function
of varying capacity utilization. In particular, note that taxing capital net of
depreciation implies deducting a depreciation rate that depends on capacity
utilization. Furthermore, the household receives labor income both directly

from working as well as indirectly from the surplus that unions charge on
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labor; both sources of labor income are taxed.
We assume that the interest rate RY’’ on government bonds, which uncon-
strained households can freely trade, equals the federal funds rate RIF2 up to

. . go’l}'
an exogenous friction or wedge wy”":

RI™ = (1+w/™) R,

Our government bond shock takes the place of the discount rate shock to
in Smets and Wouters (2007) and models such as Christiano et al. (2011).
It is a reduced form to capture preference for liquidity among investors. It
also captures lower borrowing costs for the government when w{” is low. In
contrast to the liquidity preference shock w{®”, wF is a financial friction which
captures shocks in the intermediation between households and firms.? By
including two different financial friction shocks, our model is flexible enough
to allow the data to determine the relative importance of the two shocks.
We assume that a fraction ¢ € (0, 0.5) of the households is credit-constrained.

In their version of the budget constraint, B ;(j) =0, x;(j) = 0 and k¥ ,(j) =
0, i.e., these households do not save or borrow. They receive profit income

from intermediate producers (which equals zero in the steady state). Put

differently, the budget constraint of a credit-constrained household j is

(1+7%e(d)

4% 7
< sfonstr +(1— 7_tn)_t 1:(5) + A tnt(aggr) +
I ’ B
where Sg:onstr is the transfers to credit-constrained agents. As a justification,

one may suppose that credit-constrained households discount the future sub-
stantially more steeply and are thus uninterested in accumulating government
bonds or private capital, unless their returns are extraordinarily high. Con-
versely, these households find it easy to default on loans and are therefore not

able to borrow. We hold the identity of credit-constrained households and

2Tlut and Schneider (2011) propose increased ambiguity as an alternative interpretation
which also increases wedges between safe and risky assets.
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thereby their fraction of the total population constant. Note that we allow
the transfers sCOBSU o constrained households to differ from the transfers
SARCONSHT ¢ the unconstrained households.

Wages are set by unions on behalf of the households, recognizing that each
differentiated wage is Calvo-sticky. Since the majority of workers in the unions
are unconstrained households, wages are set according to their preferences.
Firms hire workers randomly from both types of households, so that labor

supplied by both types of households is the same in equilibrium.

2.3 Government capital and policy feedback rules

As the ARRA contains government investment, we wish to feature government
capital as productive input. In order to maintain the assumption of perfect
competition at the firm level, we also wish to keep the final goods production
function to have constant returns to scale. We therefore assume that govern-
ment capital K7 ; enters private production as an externality for individual
intermediate-goods firm, similar to Barro and Sala-i Martin (1992). To obtain
an aggregate constant-returns-to-scale production function before fixed costs,
we assume that the externality of K7 ; at the firm level is relative to aggregate
output, before fixed costs.

Specifically, the technology of intermediate firm ¢ is given by

) = &2 Kiq—l tg( effz «a tn i l—a
Yi(i) = €& <f01Yt(L)dL+<I>ut> (B (0)) ('na(2)) pe,

where ® are fixed costs, Kfﬁ' is effective capital used by firm ¢, created from

aggregate private capital,
KET =kl (1~ 9)

(assuming symmetric choices for the unconstrained households), where €} is
an exogenous, stochastic component of TFP, and where the services of gov-

ernment capital K} | are subject to congestion: What matters is the ratio of

12



government capital to average gross output (i.e., inclusive of the fixed costs).

Without price dispersion, the resulting aggregate production function is:
Y, = K KGO (utng) OO0 — e, e = ()
where TFP in terms of the private factors of production is
TFP = Kj | p=)-0t,

We assume that the accumulation of government capital is symmetric to the

accumulation of private capital (i.e., is subject to a similar technology),

1-4 g4 s
=i vt (1-5, (55 ) Gt +a2)

g T.g
Ty + 65

where Sy(u) = Sp(p) = 0,57(-) > 0 represent adjustment costs, ¢ is a
shock to the government-investment-specific technology parameter, and €;Y is
additional, exogenous government investment. We assume that the capacity
utilization of government capital, and therefore its depreciation, is constant.
We assume that the government chooses investment to maximize the present
discounted value of output net of investment costs, except for a discretionary
fiscal stimulus, denoted by €Y and set to zero at the steady state. In other
words, the first-order condition of the government determines optimal govern-
ment investment, while actual government investment may be higher by some
amount chosen along the stimulus path. To enforce the expansion of govern-
ment investment, we stipulate that the government cannot undo the stimulus
investment for the first 12 periods but has to provide at least a replacement
for the depreciated ARRA investment — otherwise, the optimality condition
would imply complete crowding out.

We assume the following feedback rule for labor tax rates, following Uhlig

(2010b) (for the full detail, see the Technical Appendix): Break the period-

by-period government budget constraint into two parts. On the “right side,”
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there is a “deficit” d;, prior to new debt and labor taxes

d; = gov.spend.+subs., + old debt repaym.,

—cons.tax rev.,cap.tax rev., — 7! lab.income;,
which is financed on the “left side” with labor tax revenues and new debt,
Ttl lab.income; + new debt;, = d;.

Along the balanced growth path, there is a path for the debt level as well as

the deficit d;. The labor tax rate is then assumed to solve
(r} — 7) lab.income;, = ¥, (d; — d;) + €r

where €., is a labor tax shock. While Leeper et al. (2010) have shown that
different feedback rules matter for policy analysis, we focus on this simple rule

to analyze in detail the effect of distortionary tax financing.

2.4 Shocks

We assume that there are 10 stochastic processes driving the economy. Unless
stated otherwise, the processes follow independent AR(1)’s in logs: (1) Tech-
nology €%, (2) Gov.bond wedge w{””: financial friction wedge between financial
funds rate (FFR) and gov’t bonds, (3) Priv. bond wedge w;: financial friction
wedge between gov’t bond returns and a component of the returns to private
capital, (4) Gov. spending plus net export. Co-varies with technology, (5)
Investment specific technology ¢f (rel. price), (6) Gov. investment specific
technology ¢/ (rel. price), (7) Monetary policy ms;, (8) Labor tax rates €.,
(9) markup for pricess ARMA(1,1), and (10) markup: wages: ARMA(1,1).
For the stimulus plan, we proceed differently: Shortly, we add an exoge-
nous multi-year and perfectly foreseen component to government consumption,
transfers, and government investment. Formally, these series are given by, for

example, g; = gA*RA 4 gotoch with gARRA predetermined at ¢t = 0 and as in
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Figure 1. gf*" is our usual AR(1) process. To incorporate transfer and to

decompose government spending into consumption and investment we classify
the various spending categories according to the ARRA. We use the estimates
by the CBO (CBO, 2009) for the effects of the ARRA by budget title as the
source. We take the annual time path for these expenditures directly from the
CBO, whereas the distribution within each year is proportional to the Cogan
et al. (2010, CCTW) path within each year. Appendix 8.1 contains the details
on the components. Figure 1 presents a graphical overview. Essentially, we
decompose the CCTW government spending path into a separate consumption
and investment path, and add transfers. Importantly, many of the transfers
are “front-loaded,” so that they occur earlier than government spending, while

the “stimulus” government investment occurs later.?

This paper vs CCTW: Aggregate Our “stimulus” in detail

Different Stimulus Plans Components of the Stimulus Plan

3
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Figure 1: Our three stimulus components compared with Cogan et al. (2010).

Furthermore, we consider as our benchmark that the central bank will
leave the federal funds rate unchanged at near zero for eight quarters, and
that this is fully anticipated as of the 2009:1. A duration of eight quarters
already lies above the implied median ZLB duration of six quarters with an
endogenous ZLB according to equation (2.1), as shown in Figure 16 in the

Appendix. Such a duration is also consistent with Gust et al. (2013). They

3We classify transfers to state and local governments as consumption. To the extent
that these transfers are spent only partially by local governments with the remainder being
an intergovernmental transfer, the effective stimulus program would weigh transfers and
investment more, lowering the overall multiplier from the right panel in Figure 7.

15



find in their non-linear model of the ZLB that less than 3% of ZLB spells last
12 quarters or more and 78% of spells last 4 quarters or less. However, if more
negative shocks hit the economy, a longer duration would be generated. We
therefore consider other deterministic durations as well. For the numerical
calculations, the relaxation algorithm proposed by Juillard (1996) and imple-
mented in Dynare is particularly convenient for the type of forward-simulation
(rather than estimation) performed here. By solving a time-varying system of
equations backward from terminal conditions, it allows us to incorporate an-
ticipated shocks even when they multiply coefficients, for example, to “switch

oftf” the interest rate rule temporarily.

3 Estimation and Analysis

3.1 Data and Estimation

We solve the model using a log-linear approximation and Dynare. The first-
order conditions and their log-linearized versions are in a Technical Appendix,
available upon request. We estimate the model, using the following 10 time
series: (1) Output: Chained 2005 real GDP, growth rates, (2) Consumption:
Private consumption expenditure, growth rates, (3) Investment: private fixed
investment, growth rates, (4) Government investment, growth rates, (5) Hours
worked: Civilian employment index X average nonfarm business weekly hours
worked index, demeaned log, (6) Inflation: GDP deflator, quarterly growth
rates, (7) Wages: Nonfarm Business, hourly compensation index, growth rates,
(8) FFR: Converted to quarterly rates, (9) Corporate-Treasury bond yield
spread: Moody’s Baa index — 10 year Treasury bond at quarterly rates, de-
meaned, (10) Dallas Fed gross federal debt series at par value, demeaned log.

Sources and details for the data are described in Appendix 8.1. We use an
updated version of the Smets-Wouters dataset, for the range 1947:2-2009:4,
using quarterly data and four periods for the start-up. In difference to the
original dataset, we classify consumer durables as investment expenditure.
The estimation of the model uses data from 1948:2 up to 2008:4, with the
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additional four quarters for comparison of the model prediction to the actual
evolution and the first four quarters used to presample. Our earlier starting
date is motivated by Barro and Redlick (2011), who find that the multiplier
is significantly below one only after including the World Wars in their sample.
While we cannot go this far back, we choose the longer sample, as it includes
the Korean war as well as the Vietnam war buildup. Figure 2 shows the
additional evidence from the larger fluctuation in fiscal expenditures available

in this larger sample.
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Figure 2: Comparing our extended sample to the original Smets- Wouters data
set. Note the additional variation in government spending in the larger sample.

We fixed (“calibrated”) several parameters a priori. For tax rates and the
debt-GDP ratio, we relied on Trabandt and Uhlig (2011). Time averages of
government spending components were obtained from the NIPA, Table 3.1
(quarterly), lines 35 (investment), 16 (consumption), and transfers (17). Gov-
ernment consumption includes net exports (line 2 minus line 14 in Table 4.1).
To obtain ratios relative to GDP, GDP data from line 1, Table 1.1.5 was
used. Following Smets and Wouters (2007), the Kimball curvature parameter
is taken from Eichenbaum and Fisher (2007), who set it to roughly match it to
their data on the empirical frequency of price adjustment. Following Cooley
and Prescott (1995), the depreciation rate is derived from the law of motion for
capital and their observation of % = 0.0076 at quarterly frequency. The com-
plete list of calibrated parameters, and their comparison to the corresponding

parameters in Smets and Wouters (2007), if available, is in Table 1. We cali-
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brate the share of credit-constrained agents in the population to 0.25, a share
typical for DSGE models used in the IMF comparison project (Coenen et al.,

2012). All agents receive the same per-capita transfers. We estimate our model

Table 1: Calibrated parameters

SW (1966:1-2004:4) This paper (1948:2-2008:4)

Depreciation o 0.025 0.0145
Wage markup A\, 0.5 0.5
Kimball curvature goods mkt. 7, 10 10
Kimball curvature labor mkt. 7, 10 10
Capital tax 7" n/a 0.36
Consumption tax 7¢ n/a 0.05
Labor tax 7" n/a 0.28
Share credit constrained ¢ n/a 0.25
Gov. spending, net exports-GDP % 0.18 0.153
Gov. investment-GDP % n/a 0.04
Debt-GDP 2 n/a 4% 0.63

using Dynare and a fairly standard Bayesian prior. Details on the estimation
can be found in Appendix 8.2. The estimates largely agree with those found
by Smets and Wouters (2007), leaning somewhat more to more endogenous
persistence: The habit parameter is slightly higher, as are estimates of price
and wage stickiness, for example. Like these authors’ estimates, our estimates
also yield a rather small capital share: Our posterior mean is 0.24, while they
found 0.19. This is at odds with calibrated values in the literature, see, e.g.,
Cooley and Prescott (1995), and may play a substantial role in calculating the
long-horizon impact of distortionary taxation. We investigate this issue in our
sensitivity analysis. The calibrated government investment-to-GDP ratio as
well as the estimated growth trend g =~ 1.005 imply a government share in
production of ( ~ 2.30 percent. The implied Frisch elasticity of labor supply
is small at 0.30.* The posterior mean for o implies that there is a mild comple-
mentarity between hours and consumption of unconstrained agents, meaning
that unconstrained agents want to work less when their consumption falls, as
in Christiano et al. (2011).

4The Frisch elasticity is given by (v+ (1—o ) ) = v+ (1—07!)—12 )L
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3.2 Decomposing the 2007-2009 recession

The model allows the decomposition of movements in our 10 macroeconomic
time series into 10 ten shocks that caused them. Beyond helping to understand
what caused the recent recession, this analysis is crucial for simulating stimulus
effects when the ZLB has an endogenous duration: The interest rate prescribed
by the Taylor rule depends on the levels of inflation, the output gap, the change
in interest rates, and monetary policy shocks. By estimating the historical
state of the economy, we can estimate and simulate the level of the desired
interest rate and thereby compute the implied duration of the ZLB.
Financial frictions are important determinants of nominal interest rates.
They drive a wedge between returns on government bonds, private capital,
and the FFR. In our model, we can decompose the gap between the federal

FFR
Rt

funds rate and the return on private capital Rf P up to first order, into

w? and wk, after rescaling appropriately:

1 Tt41

1=
(1 + ™) RITR

(1—wh)Ry".

Here, w? represents the wedge between the government bond yield and the
federal funds rate, whereas the latter is the wedge between private and gov-
ernment bonds. Since the spread between private and government bonds is
observable, we estimate only w?. Our estimation results are consistent with the
intuition that financial frictions were indeed central to the 2007-2009 reces-
sion. As Figure 3 and Table 2 document, shocks to these wedges indeed played
a large role in understanding the recent recession, accounting alone for over

100% of the decline in output, in stark contrast to their small contribution to

5To see this, note that the first-order conditions of the households imply:

U RY°Y U RFFER
1 = PE { S| = BB, | =S (L )
Uet T41 Ue,t T41

BE} {% ((1 —w) (1 = 7*)(rf w1 — aluger)) +677) + (1= 6) Qctgtl)}

where @, is the price of capital. Simplify this expression by assuming a constant )+, constant
utilization, and ignoring uncertainty. The first line can then be substituted into the second.
Defining R = (rf ., — 78 (rF, — 0)) + (1 — ) yields the above equation.
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the full-sample variance of output as well as other included time series. While
both financial friction shocks are important in our estimation, the government
bond shock contributes more than twice as much as the private bond shock. In
our interpretation, this means that liquidity considerations were more impor-
tant than shocks to intermediation. In the model, the government bond shock
depresses output, consumption, and private as well as government investment,
whereas the shock to the spread between private bonds and government bonds
leads to a decline in consumption only with some delay, and actually increases
government investments. Both shocks furthermore result in a modest decline
in the federal funds rate. Figure 13 in the Technical Appendix shows these

impulse responses for a one-standard deviation shock to the two wedges.

Output

Il Gov. bond

I Priv. bond
Technology
Price markup
Gov. spending

I other shocks

Il initial conditions

Deviation from 2007.75 (%)

-7
2007.5 2008 2008.5 2009

Figure 3: Historical Shock Decomposition: Output. Results are at the posterior
median. 2007:4 is the NBER recession date.

Besides being important for extracting the historical starting conditions
of the economy in 2009, allowing for a bond premium shock also changes the
posterior over structural parameters. Del Negro et al. (2013) also estimate
a much higher degree of nominal rigidities in their model than in Smets and
Wouters (2007), once they introduce a bond premium shock in their model.
As discussed in detail in Del Negro et al. (2013), the higher degree of stickiness
is key to explaining the lack of deflation in the recent recession. We discuss in

detail in Section 5.5 how stickiness affects our analysis.
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Table 2: Historical decomposition of recent recession and overall variance de-
composition for output. All numbers are at the Bayesian posterior mean.

2008:4 vs. 2007:4 Total Sample
Historical decomposition | Variance decomposition
Shock total percent percent
Gov. bond -3.76 81.69 5.11
Priv. bond -1.41 30.63 1.38
Technology 0.89 -19.44 19.23
Price markup | -0.74 16.14 6.68
Gov. spending | 0.60 -12.95 3.49
Priv. inv. -0.30 6.57 14.04
Labor tax -0.26 5.60 19.63
Monetary pol. | 0.22 -4.69 17.37
Wage markup | 0.14 -3.11 8.38
Gov. inv. 0.03 -0.65 4.59
Initial values | -0.01 0.22 n/a
Sum -4.60 100.00 100.00

3.3 Implications for unemployment

Since unemployment, in addition to GDP growth, is at the center of many
public debates, we back out a predicted change in the unemployment rate
from the model. To that end, we regress the quarterly unemployment rate
on the hours-worked measure used to estimate our model and use the implied
OLS estimate to infer the effect on the unemployment rate. The fit is rea-
sonable with an R? of 0.77. We neglect the additional parameter uncertainty

introduced because of the uncertain estimates of the regression coefficients.’

3.4 Computing multipliers

Our main focus is on the fiscal multiplier (i.e., the ratio of output changes
to the total stimulus-planned change in spending and transfers). Note that
due to the eventual balancing of the government budget, there will also be
an induced movement in tax rates as a “secondary” effect. As is customary,

we shall not include these secondary movements in the denominator (i.e., in

6Table 12 and Figure 22 in the Technical Appendix provide estimation details.
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quantifying the stimulus-planned changes). As this is a dynamic model, the
horizon plays a role. Following Uhlig (2010b), we use the net present value
fiscal multiplier ¢;, dividing the net present value of output changes up to
some horizon t by the change in government spending and transfers until the

same time. l.e., we shall use

Z( H R> ys/z< H R> (3.1)

s=1

where ¢;: horizon-t multiplier, R; arra is the government bond return, from
j—1to j, ys is the output change at date s due to ARRA in percent of the
balanced-growth GDP path and g, ARRA spending at date s in percent of
the balanced-growth GDP path.

When analyzing our results, we report the posterior median, as well as

confidence bands covering 90 percent or 67 percent of the posterior probability.

4 Main Results

4.1 Description of benchmark results

Figure 4 contains our benchmark results for output, the unemployment rate,
the federal funds rate, inflation, government debt, and consumption.” These
graphs are perhaps reminiscent of the information shown in the official White
House piece by Bernstein and Romer (2009). However, we include an impor-
tant piece of information, which is missing there. The short-run debt dynamics
shown here induce long-run debt-and-tax dynamics, shown in Figure 5. The
increase in labor tax rates long after the fiscal stimulus phase has finished
induces the decline of output for many years to come.

The resulting fiscal multiplier therefore declines with the horizon. The
fiscal multipliers for the shorter horizon, shown in the left panel of Figure 6,

can therefore be quite misleading in terms of assessing the long-term costs of

7 Results for the consumption of both types of agents, real wages, tax rates, and invest-
ment are shown in Figure 14.
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fiscal stimulus. Indeed, the long-run multipliers are considerably smaller or
negative, as compared with the short-run multipliers, shown in the right panel
of Figure 6. These results are qualitatively in line with Uhlig (2010b), though
the results are quantitatively rather different: The long-run fiscal multipliers
are negative there and here, but considerably more negative there. One may
be tempted to read the difference as “relief,” compared with the pessimistic
scenario in Uhlig (2010b). Note, however, that the model here is heavily
tilted toward a model in which fiscal stimulus is often thought to work well.
We therefore believe that the negative long-run effects of fiscal stimulus should
give pause to arguments in its favor. Even at the short horizon, the benchmark
multiplier is just around 0.5.

Short run Long run
0.8 T T T T T . . 1

MULTIPLIER
MULTIPLIER

0.2 . . . . . . . 1L . . . .
022009 2010 2011 2012 2013 2014 2015 2016 2010 2020 2030 2040 2050

Figure 6: Short-run and long-run fiscal multipliers in the benchmark parame-
terization

We departed from the original Smets-Wouters model in order to model
the fiscal stimulus in more detail by being able to distinguish between money
spent on government transfers, consumption, and investment. Our results
imply that each component indeed affects the economy differently: Transfers
to credit-constrained agents are similar to government consumption, whereas
transfers to unconstrained households mainly increases the need to raise distor-
tionary taxes. Discretionary government investment increases private sector
productivity but may also crowd out optimal government investment, effec-

tively lowering the size of the long-term debt burden faced by households.
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The right panel in Figure 7 shows that in our benchmark model, the govern-
ment investment component contributes to a positive multiplier, whereas the
government consumption and transfer components lower the overall multiplier
below zero. Importantly, note that the simulation for the consumption-only
stimulus shows that our model is capable of generating short-run multipliers
in excess of unity, but that the composition of the ARRA pushes the overall

short-run multiplier below unity.
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Figure 7: Comparison of long-run multipliers: posterior medians

4.2 Robustness of the fiscal multiplier

The qualitative findings of a short-run multiplier below one and a long-run
multiplier around zero, or even negative, are robust to a wide range of different
modeling assumptions. Table 3 and Table 4 provide an overview. Compared
to our benchmark analysis, we change (1) the duration of the binding ZLB,
(2) the type of distortionary taxes, (3) the fraction of RoT agents, (4) targeted
transfers, (5) the degree of nominal rigidities, (6) the capital share, and (7)
the speed of budget balancing. Except with perfectly targeted transfers, the
median short-run multiplier is below one, implying that government spending
partially crowds out private activity rather than increasing it. The long-run
multiplier is sensitive to the type of taxation, but unless the ZLB is expected
to last for more than three years, the median long-run multiplier is negative

with labor taxes.
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Table 3: Long-run fiscal multipliers as t — oo: sensitivity

Scenario 5 percent 16.5 percent | median | 83.5 percent 95 percent
Benchmark -0.63 -0.53 -0.36 -0.18 -0.01
Lump-sum tax 0.35 0.45 0.61 0.79 0.94
Consumption tax 0.22 0.32 0.48 0.65 0.78
0 quarters ZLB -0.95 -0.87 -0.74 -0.62 -0.51
12 quarters ZLB -0.43 -0.30 -0.05 0.22 0.46
20 quarters ZLB -0.28 -0.11 0.33 1.17 2.21
Endogenous ZLB, Taylor rule -0.77 -0.67 -0.52 -0.33 -0.11
15 p.c. RoT population share -0.77 -0.67 -0.52 -0.35 -0.18
35 p.c. RoT population share -0.47 -0.36 -0.17 0.02 0.22
0 p.c. RoT transfer share -0.76 -0.68 -0.56 -0.45 -0.35
100 p.c. RoT transfer share -0.39 -0.16 0.24 0.69 1.12
Stickiness scale=0.10 -1.07 -0.99 -0.89 -0.79 -0.72
Stickiness scale=1.15 -0.67 -0.56 -0.38 -0.19 0.03
Capital share o = 0.35 -1.00 -0.86 -0.65 -0.42 -0.20
Tax adjustment speed 1, = 0.025 -0.60 -0.49 -0.32 -0.15 0.02
Tax adjustment speed 1, = 0.050 -0.66 -0.55 -0.39 -0.22 -0.06

Table 4: One-year fiscal multipliers: sensitivity

Scenario 5 percent 16.5 percent | median | 83.5 percent 95 percent
Benchmark 0.46 0.49 0.53 0.57 0.60
Lump-sum tax 0.55 0.58 0.62 0.67 0.71
Consumption tax 0.57 0.59 0.63 0.68 0.71
0 quarters ZLB 0.16 0.19 0.23 0.27 0.30
12 quarters ZLB 0.58 0.61 0.67 0.74 0.80
20 quarters ZLB 0.64 0.69 0.80 1.01 1.29
Endogenous ZLB, Taylor rule 0.32 0.36 0.43 0.50 0.58
15 p.c. RoT population share 0.40 0.42 0.46 0.50 0.53
35 p.c. RoT population share 0.53 0.56 0.61 0.65 0.70
0 p.c. RoT transfer share 0.26 0.27 0.30 0.32 0.34
100 p.c. RoT transfer share 1.05 1.11 1.21 1.32 1.40
Stickiness scale=0.10 0.08 0.10 0.13 0.17 0.19
Stickiness scale=1.15 0.45 0.47 0.50 0.53 0.56
Capital share o = 0.35 0.45 0.48 0.53 0.59 0.63
Tax adjustment speed 1, = 0.025 0.49 0.51 0.55 0.59 0.62
Tax adjustment speed 1, = 0.050 0.44 0.47 0.50 0.54 0.57
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5 Understanding multipliers

To understand the main qualitative features of our model, a modified version
of the three-equation New Keynesian textbook model is useful. The key is the
addition of rule-of-thumb agents with rigid wages instead of rigid prices. This
model helps to explain the estimated effects of the ZLB duration, distortionary
taxes, the role of RoT agents, the stimulus composition, and stickiness.

We show that when wages are sticky, workers are off their labor supply
curve, and changes in labor taxes affect the disposable income of RoT agents
and thereby affect aggregate demand directly. This novel aggregate demand
effect can partially crowd out private consumption even at a persistent ZLB
and push the multiplier below one. Deficit-financing stimulus avoids this prob-
lem, but at the cost of depressed future output, as higher taxes lower work
incentives and tighter monetary policy in response to inflation hit the economy.

The simple model abstracts from additional mechanisms in the full model,
such as capital and the timing of the stimulus. Capital accumulation as in
Uhlig (2010b) is an important omission from the simple model. It amplifies
the distortionary effects of increased labor taxes: The predicted negative ef-
fects on output after exit from the ZLB and the phasing out of the stimulus
lower the return on capital and cause investment to fall. The timing of the
stimulus relative to the duration of the ZLB also matters, as shown by Wood-
ford (2011): When government spending persists beyond the duration of the
ZLB, it lowers the multiplier. Since a small portion of the stimulus persists
for up to six years, this timing effect is also present in our empirical model.
Timing is, however, not crucial for our main quantitative results: Figure 19
in the Appendix compares labor-tax- with transfer-financing when the entire
stimulus is spent uniformly over the first four quarters. When transfers are
adjusted, the multiplier is larger than one, whereas the median multiplier with

distortionary taxes falls in the long run to almost minus one.
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5.1 Simple New Keynesian model

We modify the textbook New Keynesian model (e.g., Gali, 2008, ch. 3.,6)
to resemble our baseline model by including rule-of-thumb agents as in Gali
et al. (2007), with sticky wages as in Smets and Wouters (2007). We abstract
from steady state government consumption and debt. The result is a modified
version of the standard three-equation model consisting of an Euler equation,
a Phillips curve, and an interest rate rule.

In difference to the full model, there is no capital and no indexation of wages
or prices. We consider log-utility (¢ = 1). The fraction ¢ of RoT households

does not receive profit income, so that their individual share of income and

consumption is equal to 6”5—_1, the labor share. e:fl is the steady state markup
P

in the goods market. Away from the ZLB, the monetary authority follows a

Taylor rule with a constant intercept and reacts only to current inflation with

a coefficient v,. In deviations from the steady state:

Ry = (1—1z08:)7 (5.1)

Lemma 1 in Appendix D.9.8 shows that the Taylor Principle +, > 1 is sufficient
(14+v) <1

We consider spending processes as in Eggertsson (2011) and Christiano

to guarantee stability despite the presence of RoT agents if ¢p<= ;1
et al. (2011): The government targets the stimulus perfectly to the length of
the ZLB: g, = 1;15,.:g. In the steady state, all fiscal variables are zero.

The description of this simple economy is then completed by specifying
the government tax policy. Starting from the zero steady state, a stylized

representation of our tax policy rule is:

labor share x dr' + drf — § = (G + §7),  dy = (1 — ¥.) (G + §7) at ZLB,
(5.2a)

labor share x d7}* +dry — §7 = (1 — wT)th_l, d, =0 after ZLB,
(5.2b)

where transfers s, are the sum of endogenous transfers sy, and exogenous
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stimulus transfers 57. 1, governs the tax adjustment speed as before.
Appendix D.9.3 derives the Phillips curve and the Euler equation in the
limit of perfectly flexible wages, lim ¢,, ~\, 0, and sticky prices ¢, > 0 as:

~ €y A ~ €& A
Gt + Qe 7S Gtr1 + Qo5 811

At vy i Bl KA s pey s
11— ¢il +v) (Re = Eilfres + drfyy — drf]) (5.3a)
T = BEFia] + A (<u + (1= (1 + u)))gt — G — ¢C€p€ﬁ S+ dT;)
(5.3b)
where A\, = %j_ﬁm is a measure of price flexibility and ¢, = ¢ X

labor share = qﬁ% is the RoT consumption share.
When wages are sticky ¢, > 0 but prices are fully flexible, lim ¢, ™\, 0, the
Phillips curve and the Euler equation are (cf. Appendix D.9.4):

. gr + Cbce:ﬁl 81 — ¢c(dr + drf) VB s —Gt+1 — ¢cﬁ:—fl§t+1 + ¢e(driys +driy)
Ye = 1— o, t | Yr+1 s
— (Ry — Bylftrsr + drtyy — drf)) (5.4a)
—Gt — e 780 + GeldTy + drf)

7ty = PR 1] + Aw <(1+V)?Qt+ =4

+dr + de))
(5.4b)

(1=Cw) (1=BCw)
¢

w

where A\, = is a measure of wage flexibility.

Without RoT agents, ¢. = 0, equations (5.3) and (5.4) are isomorphic and
the source of nominal rigidity is irrelevant. Once there is a positive mass of
RoT agents, the source of nominal rigidity makes a qualitatively difference.
Transfers also drop out of the private-sector equilibrium conditions without
RoT agents because of Ricardian Equivalence.

Taxes only have a direct effect on output under sticky wages through the
Euler equation. The direct contemporaneous effect is due to reduced income

and therefore consumption demand of RoT agents when taxes increase and
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gross wages are sticky. Known future taxes also lower future demand by RoT
agents, but for given output, this requires unconstrained agents to consume
more. Trying to smooth consumption, unconstrained agents demand higher
consumption today. This wealth effect results, all else being equal, in higher
current output. In contrast, with flexible wages, net real wages are invariant
to labor taxes and no demand effect arises. Indirect effects of taxes result from
the pass-through of taxes to price inflation through the Phillips curve under
both sticky prices and sticky wages.

Present in both Euler equations is a traditional Keynesian multiplier: For
given output and wages, when the government consumes ¢ extra units of out-
put, hours rise by n = g given the labor-only production function and hence
the real income by RoT agents rises. That raises aggregate demand by an
additional ¢.g units, increasing labor demand further. This adds up to a total
effect of Z;‘;O(qﬁc)j = ﬁ per unit of government purchases g under sticky
wages in (5.4a). If wages are flexible, unions demand additional increases in
m in (5.3a).

When analyzing our empirical results through the lens of the simple model,

the real wage which cause the multiplier to rise to

we often consider limits of a slow speed of tax adjustment v, and high degree of
nominal rigidities ¢, ;, in line with the full model posterior mean. Numerical
examples use the following quarterly calibration: We set the rate of time
preference to 37! — 1 = 0.01 and choose ¢, = (, = % for price and wage
stickiness. We set the elasticity of substitution between intermediate inputs
equal to €, = 3 to generate a labor share of % = 2. The fraction of RoT
agents is set to 0.25. We choose a reaction coefficient of v, = 2 for the

monetary authority and impose a Frisch elasticity of v~ = 1.

5.2 Duration of the ZLB

Our empirical findings imply a short-run multiplier smaller than unity but
strictly increasing in the duration of the ZLB. Despite the “paradox of toil” in
Eggertsson (2011) we show that this finding can be explained by our simple

model with RoT agents when wages, but not prices, are sticky.
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Figure 8: Sensitivity of multipliers to the deterministic ZLB duration

Figure 8 shows the posterior distribution of short-run and long-run multi-
pliers when varying the exogenous duration of the ZLB from zero to five years.
The median short-run multiplier increases monotonically from 0.23 without a
binding ZLB to 0.80 with a duration of five years, while the median long-run
multiplier increases from -0.74 to +0.33. However, the posterior uncertainty
also increases significantly: With a five-year ZLB length, the 90% credible set
for the long-run multiplier ranges from -0.28 to +2.21.

Our simple sticky wage model reproduces the fact that short-run multipli-
ers are below unity even with a persistent ZLB. To that end, we adopt the
Markov specification for the ZLB in Eggertsson (2011) and assume immediate
taxation to match his analysis of increasing labor taxes during the recession.
Proposition 1 shows that the short-run multiplier can be below one with sticky
wages even in the presence of a persistent ZLB, but not when only prices are
sticky. The simple model attributes the low multiplier to the negative aggre-
gate demand effect from taxing RoT agents. This effect dominates both the
expected inflation effect, which increases demand via the neoclassical substi-

tution effect, as well as the Keynesian multiplier effect due to RoT agents.

Proposition 1. Consider the model in Section 5.1. Assume immediate taxa-
tion (v, = 1), that the Taylor Principle holds and that the ZLB is a nonrecur-
rent Markov state which persists with probability p: Pr{lzrp: = 1|1z1p+-1 =
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1} = p,Pr{1z5: = 1|1z08:—1 = 0} = 0. In the case of sticky prices and

flexible wages, also assume that 0 < ¢ < ;ﬂr—j Consider the case of financing
through distortionary labor taxes: §; = dri = 0.

(a) For sufficiently small persistence of the ZLB, n, the impact multiplier
yz% is strictly smaller than one under flexible prices and sticky wages and
strictly larger than one under flexible wages and sticky prices.

(b) The multiplier increases monotonically in the expected duration of the
ZLB with either sticky wages or sticky prices in the region of determinacy.

Proof: See Appendiz D.9.8, page LX.

5.3 Distortionary taxes

The premise of this paper is that distortionary taxes matter for the effects
of government spending. Figure 9 shows that this is indeed the case: The
multiplier is significantly lower with distortionary labor taxes than with lump-
sum taxes. This difference is most pronounced in the long run (right panel),
when the multiplier is centered around +0.6 with lump-sum taxation and
around -0.45 with labor taxes. Short-run multipliers with consumption taxes
are about as high as they are with transfer financing, but long-run multipliers

are lower than with transfer financing.
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Figure 9: Fiscal multipliers. Comparing distortionary labor taxes (benchmark)
to consumption and lump-sum tazation
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To understand the results on taxation, we turn again to the simple model
with sticky wages. Fixing the duration of the ZLB at one period, we focus first
on the type of taxation while allowing for a varying speed of tax adjustment.
Part (a) of Proposition 2 implies that the multiplier is higher with lump-
sum taxation than it is with labor taxes. Lump-sum taxes have the same
Keynesian demand effects through RoT agents, but do not cause the monetary
authority to raise interest rates due to inflationary pressure. Labor taxes
therefore depress future output and consumption by lowering demand in the
short run via a negative wealth effect that is absent with lump-sum taxes.
Because increasing consumption taxes generate consumer price inflation, short-
run multipliers can be higher with consumption taxes than they are with
transfers when taxes are adjusted slowly. However, with sufficiently sticky
wages, long-run multipliers are the highest with transfer financing. The reason
is that the future consumption tax hike lowers consumption demand, and the

monetary authority does not react much with sufficiently sticky wages.

Proposition 2. Consider the model in Section 5.1 with sticky wages and flex-
ible prices. Assume the Taylor Principle is satisfied: v, > 1.

(a) The impact multiplier is strictly lower when financed with labor tazes

rather than lump-sum taxes if 1, < 1 and equal otherwise. The long-run
multiplier is lower with both labor taxes and consumption taxes than it is with
lump-sum taxes if 1. < 1 and wages are sufficiently sticky (C, /' 1).
If tazes are adjusted sufficiently slowly, 1, < Y™ < 1, the impact multiplier is
higher with consumption taxes than it is with labor taxes. The impact multiplier
is higher with consumption taxes than it is with transfer financing if 1. < ¥°,
where ° < Y".

The following results assume financing through labor taxes: s, = drf = 0.

(b) If wages are sufficiently sticky (C, /1) and ¢ > 0, increasing the tax
adjustment speed 1. lowers the impact multiplier. Without RoT agents, ¢ =0,
increasing the tax adjustment speed v, increases the impact multiplier.

(¢) Lowering the labor share % lowers the multiplier if the impact mul-

tiplier is positive. A sufficient condition is that wages are sufficiently sticky
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(Cw 1) If the impact multiplier is nondecreasing in the labor share, the
long-run multiplier is strictly lower for lower labor shares for all ¢, < 1.
Proof: See Appendiz D.9.8, page LXIII.

Two important parameters governing the effect of distortionary taxes are
the tax adjustment speed 1, and the labor share as the tax base. Parts (b) and
(c) of Proposition 2 characterize the effect of both. Without RoT agents, it
is always better to not rely on deficit financing and to repay government debt
immediately: This avoids the negative wealth effects coming from the response
of the monetary authority to future inflation. However, with very sticky wages
and RoT agents, the demand effect dominates and adjusting taxes more slowly
increases the short-run multiplier. The negative wealth effects of distortionary
taxes are more pronounced the smaller the tax base (i.e., the smaller the labor
share). Since output in both periods falls, the long-run multiplier is more
sensitive to the labor share than the short-run multiplier.®

In the full model, increasing the budget-balance speed 1, leads to lower
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Note: The full model results set the habit parameter to h = 0.5 and otherwise uses the

posterior mean for the simulation.

Figure 10: Multipliers as a function of tax adjustment speed and rule-of-thumb
CONSUMErs

multipliers, as shown in Tables 3 and 4, within the range of stable parameters.

1
1—¢xlabor share*

8 A smaller labor share also lowers the Keynesian multiplier effect 13 5 =
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This range is, however, very narrow. To allow for a comparison over a wider
range, we set the degree of habit formation to h = 0.5, as compared with the
posterior median of h = 0.85, so that adjusting taxes fully and immediately
is consistent with a unique locally bounded equilibrium. Figure 10 shows in
the left panel the effect of varying the speed of tax adjustment in the full
model with adjusted habit (solid blue line).? In line with the results in the
simple model (right panel), adjusting taxes faster lowers the multiplier with
RoT agents and the estimated high degree of wage stickiness. Without RoT
agents, the simple model implies that the short-run multiplier is almost flat,
but slightly increasing in the tax adjustment speed. This implication holds
only for high-enough tax adjustment speeds in the empirical model.*

Figure 11 reveals that long-run multipliers are quite sensitive to the capital
share. The long-run multiplier declines monotonically in the capital share, as
predicted in Proposition 2. In the simple model this is explained by two chan-
nels. First, textbook economic analysis shows that taxes are less distortionary
when raised from a wider base. Second, a higher capital share lowers the Key-
nesian multiplier effect, which is based on labor income. The estimated capital
share is around 0.24 rather than 0.35, often used in the calibration literature
(see Cooley and Prescott (1995)).

5.4 Role of rule-of-thumb agents

Rule-of-thumb households are important in two respects. First, a sizable por-
tion of the population violates Ricardian equivalence. Their presence ampli-
fies stimulus effects on output via a traditional Keynesian multiplier. Second,
the distribution of transfers between these households and the unconstrained
households has aggregate effects. It turns out that the second effect is more
important than the first.

Table 5 analyzes the relative importance of the population share and the

9See Figure 20 in the Appendix for analogous results for the long-run multiplier and
Figure 23 for an illustration of the model generating the non-monotonicity.

19 Appendix D.9.7 explains the difference in a three-period version of the simple model
because the inflationary pressure upon exit from the ZLB is no longer proportional to 1,
but to 1, (1 — ;) so that the cost of taxation is minimized for intermediate values of ..
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Figure 11: Short-run and long-run fiscal multipliers: sensitivity to the capital
share

distribution of transfer payments. Panel (a) of Table 5 shows the change in
the fiscal multipliers, when we change the share of the population that is
credit-constrained. In this experiment, the transfers are equally distributed
across the population (i.e., the share of the transfers to the credit-constrained
population equals the share of that population). This confounds two effects,
however. The first effect is the mere rise in the share of credit-constrained
households, keeping their share of transfer receipts the same. This is shown
in panel (b) of Table 5. The second effect comes from the share of transfers
received by the RoT households. Panel (c) of Table 5 therefore varies the
share of transfers received by these households but keeps their share of the
population constant at the benchmark value of 25 percent. While the second
experiment has a rather modest impact on the short-run multiplier, the third
experiment has a larger short-run impact. Both effects contribute to raising
long-run multipliers considerably. For example, and for the last experiment,
the median long-run fiscal multiplier changes from -0.51 to 0.29, as the fraction
of targeted transfers is varied from zero to 100 percent.

Proposition 3 states that when the budget is balanced slowly, the simple
sticky-wage model reproduces our empirical findings: First, more RoT agents
in the population increase the multiplier. Traditional Keynesian multiplier

logic explains this effect. Second, the transfer multiplier lies below the gov-
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Table 5: Sensitivity of multipliers to the credit-constrained fraction of the pop-
ulation and their transfer share. Panel (a): All households receive the same
amount of transfers (i.e., fraction of constrained households and total trans-
fers rise together). Panel (b), only the fraction of constrained household rises.
Panel (c): only the share of transfers going to constrained households rises.

(a) Constant transfers/household

RoT transfer share = RoT fraction = 0.10 0.25 0.40
One-year multiplier 0.33 0.54 0.82
Long-run multiplier -0.62 -0.31 0.12

(b) Varying RoT fraction, fixed absolute RoT transfers
RoT transfer share = 0.25, RoT fraction = | 0.10 0.25 0.40

One year multiplier 0.45 054 0.66
Long-run multiplier -0.53 -0.31 -0.03
(c) Fixed RoT fraction, varying absolute RoT transfers
RoT fraction = 0.25, RoT transfer share = 0 0.25 1.00
One year multiplier 0.31 054 1.23
Long-run multiplier -0.51 -0.31 0.29

ernment spending multiplier because the cost of financing is the same, while

only the fraction targeted to RoT agents translates into spending.

Proposition 3. Consider the model in Section 5.1. Assume the Taylor Prin-
ciple is satisfied: v, > 1. Consider the case of financing through distortionary
labor tazes: s; = drf = 0.

(a) If tazes are adjusted sufficiently slowly (b, < =), the impact multi-

€p

plier increases strictly in the share of RoT agents ¢.

(b) The multiplier on transfers is strictly increasing in the fraction of trans-
fers RoT agents receive and weakly smaller than the government spending mul-
tiplier.

Proof: See Appendiz D.9.8, page LXIV.

One may wish to conclude from this that “fiscal stimulus” in the form of
transfers to constrained agents may be quite effective in increasing output.
That may be so. However, the modeling of the credit-constrained agents is

done here with the simple short cut of assuming that these agents do not keep
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savings and cannot borrow. For a more sophisticated exercise, the bounds to
borrowing and savings should be endogenized, and may actually depend on
the size and persistence of the government transfers.!* Furthermore, microdata
can potentially be informative about the degree to which households are credit-
constrained or refrain from saving. A more detailed investigation is called for,

if future “fiscal stimulus” programs are to focus on this particular group.

5.5 Nominal rigidities

Our empirical findings suggest that the multiplier is increasing in the degree
of nominal rigidities over the relevant range. This finding is apparently at
odds with the literature: As Farhi and Werning (2012) show, the multiplier
falls monotonically in the degree of of nominal rigidities in the workhorse New
Keynesian model with Ricardian equivalence. The simple sticky wage model
in this paper shows that in the presence of distortionary taxes, the cost of
adjusting taxes after exiting the ZLB overturns this result.

The left panel in Figure 12 documents that the short-run multiplier is
increasing in the degree of stickiness, over most of the range of stickiness.!?
The estimated nominal rigidities are very strong, but lower than the estimates
in Del Negro et al. (2013): The mean estimates are ¢, = 0.81 and ¢,, = 0.83 for
the Calvo parameter for prices and wages. In Figure 12, we consider values of
10% to 115% of these mean estimates, scaling both parameters proportionately.
The median short-run multiplier increases from a value of 0.1, when stickiness
is only 10% of the mean estimates, to slightly above 0.5 at the posterior mean,
before falling slightly when increasing stickiness further.

The simple sticky wage model reproduces the main finding, as the right

panel of Figure 12 illustrates for different labor supply elasticities. Proposi-

1 Oh and Reis (2012) investigate the role of targeted transfers as fiscal stimulus in an in-
complete markets model with borrowing constraints. However, in their model, the increased
transfers last only one period and are conditioned on exogenous attributes only. Even so,
their model implies an upper limit for targeted transfers thresholds to avoid transfers that
“would turn the rich into poor and vice versa” (p. S61).

12Cf. Figure 17 in the Appendix for the corresponding long-run multipliers and the
implied inflation response.
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Figure 12: Short-run multipliers as a function of stickiness

tion 4 shows that this is a generic outcome of our sticky wage model with slow
taxation. In the simple model, the negative effect of more flexible wages on the
impact multiplier of tax-financed government expenditure is due to more mon-
etary tightening upon exit from the ZLB. The resulting negative wealth effect

depresses private consumption also in the short run, lowering the multiplier.

Proposition 4. Consider the model in Section 5.1. Assume the Taylor Prin-
ciple is satisfied: v, > 1. Consider the case of financing through distortionary
labor tazxes: 5, = drf = 0.

If v, <1 and ¢ < 555114%/’ increasing wage flexibility (C, N\ 0) lowers the

impact multiplier.

Proof: See Appendiz, page LXIV.

6 Welfare effects

Multipliers are silent on welfare implications of the ARRA package. If the

output increase is driven by a disproportionate increase in hours worked, con-

sumers are likely to be worse off, even if the multiplier is large and positive.
Given perfect foresight of the stimulus plan, we calculate the compensating

variation in lifetime consumption along the balanced growth path that makes
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consumers indifferent between ARRA and the modified historic growth path.
Let T'; x 100 be the percentage of consumption without the stimulus that
consumers of type i,i € { RA, RoT'} would be willing to give up each period to
implement ARRA. We provide an explicit formula in the Technical Appendix
for backing out I'; from the net present value of future utility changes. The
discount rates for each consumer type are crucial here.

Two caveats complicate the welfare calculation. First, the calculation is
numerically challenging because, at our estimates, the effective discount factor
Brapt™ is close to unity so that convergence is slow. Numerical error is
important to address because we are relating the cost of an intervention over
about 10 years to lifetime consumption so that errors of a small magnitude
might be important for the results. Second, our parameter estimates are only
directly applicable to unconstrained households, whereas we need to consider
both types of households in the welfare analysis. If constrained households are
sufficiently impatient and receive a high weight in the social welfare function,
the results presented previously could be overturned if constrained agents value
the initial consumption increase enough. The calibration of the discount rate
for the constrained households is a challenge, however. Lawrance (1991) finds
that rates of time preference vary by 7 percent on an annual basis across rich
and poor households. Using data on individual choices between lump-sum and
annuity payments, Warner and Pleeter (2001) find differences in annual rates
of time preference of up to 30 percent, depending on various characteristics.
We therefore consider two discount factors for the RoT agents by adding 7%

or 30% to the annual discount factor of unconstrained agents, i.e.,

1/Bror € {1/Bra +0.07/4,1/Bra +0.3/4}

noting that our model is for quarterly data. We also vary over a wider range.

The welfare effects are small but significantly negative for unconstrained
households, according to our calculations in Table 6. The median effect on
constrained agents is -0.02 percent, independent of the length of the ZLB,

with the 90 percent posterior confidence intervals ranging from -0.03 percent
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to -0.01 percent. The small magnitude is unsurprising given that small devi-
ations from the optimum have small effects on the welfare of unconstrained
agents. Unconstrained agents have less leisure and, for most parameter values
considered, also have lower consumption, explaining the negative sign.

The effect on constrained agents is ambiguous, as lines two and three in
Table 6 show. If the discount factor of the RoT agents is just 7% higher
than that of the unconstrained agents, the welfare effect is negative, but it is
significantly positive, if their discount factor is at least 15%-20% higher than

that of unconstrained agents, as shown in Figure 21 in the Appendix.

Table 6: Welfare effects (I'x100) of stimulus: Lifetime-consumption equivalent
of compensating variation. Posterior median (90% confidence interval).

Scenario 8 quarters ZLB | 0 quarters ZLB 12 quarters ZLB

Unconstrained agents -0.02(-0.03,-0.01) | -0.02(-0.03,-0.01) -0.02(-0.03,-0.01)

RoT, 7% higher annual DF | -0.07(-0.13,-0.00) | -0.14(-0.22,-0.08) -0.08(-0.16,0.03)
RoT, 30% higher annual DF | 0.63(0.39,0.95) | 0.45(0.22,0.65)  0.58(0.24,0.97)

7 Conclusions

We have quantified the size, uncertainty and sensitivity of fiscal multipliers in
response to the ARRA. To that end, we have extended the benchmark Smets
and Wouters (2007) New Keynesian model, allowing for credit-constrained
households, a central bank constrained by the ZLB, government capital, and a
government raising taxes with distortionary taxation. We have distinguished
between short-run and long-run multipliers. For a benchmark parameteriza-
tion, we find modestly positive short-run multipliers with a posterior mean of
0.53 and modestly negative long-run multipliers centered around -0.36. These
multipliers below one can be explained by negative neoclassical wealth and
Keynesian demand effects of distortionary labor taxes in a simple New Key-
nesian model with credit-constrained agents and sticky wages.

The multiplier is particularly sensitive to the type of taxes used to finance

the ARRA, the fraction of transfers given to credit-constrained households,
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the anticipated length of the ZLB, and to the capital share. The multiplier
is nonlinear in the degree of price and wage stickiness. Reasonable specifica-
tions are consistent with substantially negative multipliers within a short time
frame. Furthermore, the policy intervention may lower the welfare of agents
in the economy. Unconstrained agents would have a higher lifetime utility
without the ARRA, and even impatient constrained agents may be better off
without the intervention: The disutility of hours worked during the expansion
and lower consumption in the transition to the long-run offset short-run gains

from higher consumption.
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8 Appendix

8.1 Data

The different series come from the NIPA tables, the FRED 2 database and the
Bureau of Labor Statistics (BLS) database. Federal debt data is taken from
database of the Federal Reserve Bank of Dallas. Nominal series for wages,
consumption, government expenditures, and private investment are deflated
with the general GDP deflator.

Generally we follow Smets and Wouters (2007) when creating our dataset
with the following exceptions: we use civilian noninstitutionalized population
throughout, although the series is not seasonally adjusted before 1976. The
base year for real GDP is 2005 instead of 1996. We include durables con-
sumption in investment instead of consumption. Using the same definition,
all series but real wages exhibit a correlation of almost 100 percent across the
two datasets. For the change in real wages, the correlation is 0.9. Including
durables consumption in investment causes the correlation for the investment
series to drop to 0.70 and for consumption to drop to 0.78.

Since no data for the Corporate-Treasury bond yield spread is available
before 1953:1 we set it to zero for the missing periods. We use the secondary
market rate for three-months T-bills before 1954:3, as the FFR is not available.

The categorization of the various stimulus components is shown in detail
in tables 9, 10, and 11 in the Technical Appendix. Our source is the CBO
(2009), specifically “Table 2: Estimated cost of the conference agreement for
H.R. 1, the American Recovery and Reinvestment Act of 2009, as posted on
the website of the House Committee on Rules.” The annual time path for
these expenditures is taken from CBO (2009) and the annual sum for each
component is split across quarters in proportion to the aggregate series in
Cogan et al. (2010).

8.2 Estimation

Tables 7 and 8 contain the results from estimating our model, using Dynare
and a Bayesian prior.
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Table 7: FEstimation, part 1. The calibrated government investment-to-GDP
ratio as well as the estimated growth trend p implies a government share in
production of ( = 2.30 percent.

Prior  Prior mean (s.d.) SW model Our model
66:1-08:4 49:2-08:4

Adj. cost S"(w) norm 4.000 (1.500) 593 (1.1)  4.51 (0.78)
Risk aversion o norm 1.500 (0.375) 1.42 (0.11) 1.17 (0.08)
Habit & beta  0.700 (0.100) 0.7 (0.04)  0.85 (0.02)
Calvo wage Cy beta  0.500 (0.100)  0.77 (0.05) 0.83 (0.03)
Inv. labor sup. ela. v norm 2.000 (0.750) 1.96 (0.54) 2.16 (0.51)
Calvo prices ¢, beta  0.500 (0.100)  0.69 (0.05) 0.81 (0.03)
Wage indexation beta 0.500 (0.150) 0.62 (0.1)  0.41 (0.08)
Price indexation ¢, beta 0.500 (0.150) 0.26 (0.08) 0.28 (0.07)
Capacity util. beta  0.500 (0.150)  0.59 (0.1)  0.43 (0.07)
14 Fbecost — 7 4 )\ norm 1.250 (0.125)  1.64 (0.08) 1.94 (0.05)
Taylor rule infl. 1, norm 1.500 (0.250) 2 (0.17)  1.63 (0.18)
same, smoothing pr beta  0.750 (0.100)  0.82 (0.02) 0.92 (0.02)
same, LR gap s norm  0.125 (0.050)  0.09 (0.02) 0.13 (0.03)
same, SR gap 13 norm 0.125 (0.050) 0.24 (0.03) 0.2 (0.02)
Mean inflation (data) gamm  0.625 (0.100) 0.76 (0.09) 0.58 (0.08)
100xtime pref. gamm  0.250 (0.100) 0.16 (0.05) 0.12 (0.04)
Mean hours (data) norm 0.000 (2.000) 1.07 (0.95) 0.04 (0.69)
Trend (11 — 1) % 100 norm  0.400 (0.100)  0.43 (0.02) 0.48 (0.01)
Capital share « norm 0.300 (0.050) 0.19 (0.02) 0.24 (0.01)
Gov. adj. cost Sy(u) norm 0.000 (0.500) n/a 7.11 (1.09)
Budget bal speed 22022 | beta 0.25 (0.1637) n/a 0.05 (0.04)
Mean gov. debt norm 0.000 (0.500) n/a -0.16 (0.51)
Mean bond spread gamm  0.500 (0.100) n/a 0.47 (0.04)
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Table 8: Estimation, part 2

Prior Prior mean (s.d.) SW model Our model
66:1-08:4 49:2-08:4
s.d. toch, fvg  0.100 (2.000) _ 0.46 (0.03) 0.47 (0.02)
AR(1) tech. beta  0.500 (0.200)  0.95 (0.01) 0.95 (0.01)
s.d. bond ivg  0.100 (2.000)  0.24 (0.03) 0.95 (0.04)
AR(1) bond p, beta  0.500 (0.200)  0.27 (0.1)  0.67 (0.03)
s.d. gov't invg  0.100 (2.000)  0.54 (0.03) 0.36 (0.02)
AR(1) gov't beta  0.500 (0.200)  0.98 (0.01) 0.98 (0.01)
Cov(gov’t, tech.) norm  0.500 (0.250) 0.53 (0.09) 0.3 (0.04)
s.d. inv. price ivg 0100 (2.000)  0.43 (0.04) 1.25 (0.1)
AR(1) inv. price beta  0.500 (0.200)  0.73 (0.06) 0.56 (0.06)
s.d. mon. pol. invg  0.100 (2.000)  0.24 (0.02) 0.22 (0.01)
AR(1) mon. pol. beta 0.500 (0.200)  0.16 (0.07) 0.22 (0.05)
s.d. goods m-up invg 0.100 (2.000) 0.14 (0.01) 0.32 (0.02)
AR(1) goods m-up beta 0.500 (0.200) 0.89 (0.04) 0.91 (0.05)
MA(1) goods m-up beta 0.500 (0.200) 0.73 (0.08) 0.96 (0.02)
s.d. wage m-up invg 0.100 (2.000) 0.26 (0.02) 0.23 (0.02)
AR(1) wage m-up beta 0.500 (0.200) 0.97 (0.01) 0.97 (0.01)
MA(1) wage m-up beta 0.500 (0.200) 0.91 (0.03) 0.92 (0.02)
s.d. Tax shock invg 0.100 (2.000) n/a 1.44 (0.08)
AR(1) tax shock beta 0.500 (0.200) n/a 0.98 (0.01)
s.d. gov. inv. price invg 0.100 (2.000) n/a 0.79 (0.08)
AR(1) gov. inv. price | beta 0.500 (0.200) n/a 0.97 (0.01)
s.d. bond spread invg 0.100 (2.000) n/a 0.08 (0)
AR(1) bond spread beta 0.500 (0.200) n/a 0.91 (0.02)
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A Additional results
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Figure 13: Response to the bond shocks
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B Categorizing stimulus spending

Table 9: Categorizing the stimulus — government consumption

[tem Amount (bn USD) Share
Dept. of Defense 4.53 0.59
Employment and Training 4.31 0.56
Legislative Branch 0.03 0
National Coordinator for Health Informa- 1.98 0.26
tion Technology
National Institutes of Health 9.74 1.26
Other Agriculture, Food, FDA 3.94 0.51
Other Commerce, Justice, Science 5.36 0.69
Other Dept. of Education 2.12 0.28
Other Dept. of Health and Human Ser- 9.81 1.27
vices
Other Financial Services and Gen. Govt 1.31 0.17
Other Interior and Environment 4.76 0.62
Special Education 12.2 1.58
State and Local Law Enforcement 2.77 0.36
State Fiscal Relief 90.04 11.68
State Fiscal Stabilization Fund 53.6 6.95
State, Foreign Operations, and Related 0.6 0.08
Programs
Other 2.55 0.33
Consumption 209.64 27.2
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Table 10: Categorizing the stimulus —government investment

[tem Amount (bn USD) Share
Broadband Technology Opportunities 4.7 0.61
Program
Clean Water and Drinking Water State 5.79 0.75
Revolving Fund
Corps of Engineers 4.6 0.6
Distance Learning, Telemedicine, and 1.93 0.25
Broadband Program
Energy Efficiency and Renewable Energy 16.7 2.17
Federal Buildings Fund 5.4 0.7
Health Information Technology 17.56 2.28
Highway Construction 27.5 3.57
Innovative Technology Loan Guarantee 6 0.78
NSF 2.99 0.39
Other Energy 22.38 2.9
Other Transportation 20.56 2.67
Investment 136.09 17.66
Table 11: Categorizing the stimulus — transfers
[tem Amount (bn USD) Share
Assistance for the Unemployed 0.88 0.11
Economic Recovery Programs, TANF, 18.04 2.34
Child Support
Health Insurance Assistance (spending) 25.07 3.25
Health Insurance Assistance (revenue) -0.39 -0.05
Low Income Housing Program 0.14 0.02
Military Construction and Veteran Affairs 4.25 0.55
Other housing assistance 9 1.17
Other Tax Provisions 4.81 0.62
Public housing capital fund 4 0.52
Refundable Tax Credits 68.96 8.95
Student financial assistance 16.56 2.15
Supplemental Nutrition Assistance 19.99 2.59
Program
Tax Provisions 214.56 27.84
Unemployment Compensation 39.23 5.09
Transfers and tax cuts 425.09 55.15
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C Backing out the unemployment rate

To back out the model implications for the unemployment rate, we regress
the time series for hours worked used for the model estimation on the average
quarterly unemployment rate. Table 12 shows the regression results. Figure 22
displays the actual and fitted unemployment rate. Multiplying hours worked
on the OLS regression coefficient gives the implied change in the unemployment
rate.

12

—Data
- = =Predicted

10p

Unemployment rate (%)
[=2)
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Figure 22: Regression of quarterly unemployment rate on the model-implied
employment measure: actual vs. predicted unemployment rate

Table 12: OLS regression estimates of unemployment rate on the model-
implied employment measure

Constant ~ Employment (lab;) | R?
Unemployment Rate (UR;) 5.60 -0.46 0.77
(5.51, 5.69) (-0.49, -0.43)
Sample period: 1948:1 — 2008:4. Unemployment rate is the arithmetic
mean over the quarter. Labor input in the model is measured as lab; =

Avg. h Empl t ) .
log ~Y&- OXS ZmIPOVIIE _ mean; 95 percent OLS confidence intervals in paren-
Population, )

theses.
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D Model appendix

Apart from the model extensions due to the introduction of government capi-
tal, rule-of-thumb consumers, and distortionary taxation, the following model
appendix follows mostly the appendix of Smets and Wouters (2007), with mi-
nor changes to unify the notation.

D.1 Production

Final goods are produced in a competitive final goods sector that uses differen-
tiated intermediate inputs, supplied by monopolistic intermediate producers.

D.1.1 Final goods producers

The representative final goods producer maximizes profits by choosing interme-
diate inputs Y;(4), 4 € [0, 1], subject to a production technology that generalizes
a CES production function: Objective:

' Lo (Vi)
max BPY; — / P.())Y,(i)di  s.t. / G ( 7 ;€ ’p) di = 1. (D.1)
0 0 ¢

Yo Ye ()

G(+) is the Kimball (1995) aggregator, which generalizes CES demand by al-
lowing the elasticity of demand to increase with relative prices: G > 0, G” <
0, G(1;67) =1. &7 is a shock to the production technology which changes
the elasticity of substitution.

Denote the Lagrange multiplier on the constraint by E{ . If a positive
solution to equation (D.1) exists it satisfies the following conditions:

1 . .
vl p-gl- [ ¢ (Yt(z)-em) h@)

- =t }/l; 0 }/; ) -t }/;
. N —f 1 Yi(2)
v R ==lpo (ar),

From these two equations, we obtain an expression for the aggregate price
index and intermediate inputs. The price index is given by:

)
Pt_/o v P, (i)di. (D.2)



Solving for intermediate input demands:

na%=mG”Tfi??) g]<ég)1(?<§%;?ﬁ

For future reference, note that the relative demand curves y,(i) =

downward sloping in the relative price PtT(t) with an decreasing elastlclty as

the relative quantity increases. For simplicity, the dependence of the G(-)
aggregator on the shock €? P is suppressed:

L BG) dnli) )
M1 0) = =5 TR0 lavieazico ~ 1G5 (D-4)
P 10 I X 0) G wi(1)

bl —mwm 4P

(@ .
=1+n,+ npm}%(l)
= 1m0 (2 g 0 )

24 <yt (1))
= 1+ n,(ye(i) ( j“@»gu—mmmrw—g
1 + AP(y(7)) < 1 B 1)
V@) L+ ¥E@)A0@) )

where the last line defines the markup A} and the parameter A, as

(D.5)

Pl (Y 1 AN A (ye(2))
MWD = =T A= et G

The model will be parameterized in terms of é(1), the change in the own-
price elasticity of demand along the balanced growth path. To that end, it is
convenient to solve for A, in terms of the markup and the é:

1
A = SR T (D-6)

Finally, note that in the Dixit-Stiglitz case G(y) = yﬁ so that the elasticity
of demand is constant at 1,(y) = 55 + 1Vy and consequently 7, = 0.

D.1.2 Intermediate goods producers

There is a unit mass of intermediate producers, indexed by ¢ € [0,1]. Each
producer is the monopolistic supplier of good i. They rent capital services
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Ky /7 and hire labor n; to maximize profits intertemporally, taking as given
rental rates RF and wages W;. Given a Calvo-style pricing friction, their profit-
maximization problem is dynamic.

Production is subject to a fixed cost and the gross product is produced
using a Cobb-Douglas technology at the firm level. Government capital K/
increases total factor productivity in each firm, but is subject to a congestion
effect as overall production increases, similar to the congestion effects in the
AK model in Barro and Sala-i Martin (1992). Firms fail to internalize the
effect of their decisions on public sector productivity. Net output is therefore
given by:

K? e
V(i) =& [ —— K@) [t () — pto, D.7
(i) (fOYt(j)dj+<I>ut> () 1 (9)] Iz (D.7)

where ®ut represent fixed costs which grow at the rate of labor augmenting
technical progress and K,(7)¢// denotes the capital services rented by firm i.
€y denotes a stationary TEFP process.

To see the implications of the congestion costs, consider the symmetric case
that Y;(i) = Yy, K7/ (i) = Kf//Vi, which is the case along the symmetric bal-
anced growth path and in the flexible economy. We then obtain the following
aggregate production function:

a e a(l_C)
Y, =¢ th—chtff [

ping D — e, e = () (D.8)
Choose units such that € = 1.

To solve a firm’s profit maximization problem, note that it is equivalent to
minimizing costs (conditional on operating) and then choosing the quantity
optimally. Consider the cost-minimization problem first:

min  Wyn,(i) + RFK, (i) s.t. (D.7).
Ko(i),me (i)
Denote the Lagrange multiplier on the production function by MC}: Produc-
ing a marginal unit more raises costs (the objective) by MCy. The static FOC
are necessary and sufficient, given Y;(7):

] MCi)(1 - o)
K(i)] MGy (i)a DL pe

Ky(i)

The FOC can be used to solve for the optimal capital-labor ratio in production
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and marginal costs:

fli) o w (D.9)

n(i) 1—ark’

l—a/ pkya,,—(1—a)t
MCy = a (1 —a) 1" W (R ) : (D.10)

g <
Kt—l 1-=¢ a
Vi €
Yit+pt®

w ()"

g <
pky_q ) 1-¢ €4
yt+& t

mey = a (1 — oz)_(l_o‘)

)

l—a/ .k«
me; = a~%(1 — o)~ L (”C) , (D.11)
ngfl 1-¢ 4
( yr+® ) €
where lower-case letters denote detrended, real variables, as applicable:
W, , RE MC,
ki = K, =Y, — = — = .
t = Kl 7yt th Lwy = ,uPt’Tt Pt’mct P,
For future reference, it is useful to detrend the FOC:
, y(i) + @
= 1l—a)=———— D.12
Wt mey (7’>( ) ny (Z) ’ ( a)
)
= may(ijaiLE 2. (D.12b)

i (4)

Given the solution to the static cost-minimization problem, the firm maxi-
mizes the present discounted value of its profits by choosing quantities opti-
mally, taking as given its demand function (D.3), the marginal costs of pro-
duction (D.10), and the Calvo-style price-setting friction. The Calvo-friction
implies that a firm can re-set its price in each period with probability 1 — (,
and otherwise indexes its price to an average of current and past inflation
[T_, m", @' =, In each period ¢ that the firm can change its prices it chooses:

* /- - 85 SP > Lp _ P . .
Py (i) = arg rgz(p)( K Z Cp ;;; t [Pt( )(H Tt 17T1 ,,) — MCiys(i) | Yiss(0),
t =0 ts =1

subject to (D.3) and (D.10). ks ft“ denotes the (noncredit- constrained) repre—

sentative household’s stochastlc dlscount factor and m, =
t inflation.
To solve the problem, it is useful to define ;s such that in the absence

—P
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of further price adjustments prices evolve as Py (i) = xp.45 L, (7):

s =0,
Xtt+s = s .
’ P —1—¢ —
[[_, 70, 7 s=1,...,00.

t+.s

Using the definition yy,(i) = 2229 vields therefore:

A(Yers (1) [Prrs (1) — MCris(0)))
dP(i)

MO0

= Vits(1)Yigs (Xt sl — 77p()’t+s( )]+ Mp 0

The first order condition is then given by:

. Z GIaePy . ([1 1 (ers () e + nM) 0

EPs T Py(i)
(D.13)
For future reference, it is useful to rewrite the FOC as follows:
Py (i) B E, Zio(ﬂﬁgp)si,\p yftt:i(i))& ytt+s(1)7n:f’y(fjjj@§§)l mceys(i) (D.14)

P, E, Zs o(ﬂﬁgp) o yf:i:(l))& Hj(tltﬂt+5 Y, t+8( )

where y; (i) = G EXete¥ire ) 'y () = vy (0) Yias.
t+s

Noting that measure 1 — ¢, of firms changes prices in each period and that
each firm faces a symmetric problem, the expression for the aggregate price
index (D.2) can be expressed recursively as a weighted average of adjusted and
indexed prices:

_ P Y, tp to P Y,
Pt: (]_—Cp)Pt*G, 1( t) +<p7Tt 171_1 [,th_ Gl 1(7Tt—17r - t—1 t)

f
(D.15)
This expression uses that price distribution of nonadjusting firms at ¢ is the
same as that of all firms at time ¢ — 1, adjusted for the shrinking mass due
to price adjustments. The optimal price equals the average price along the
deterministic balanced growth path, which is normalized to unity:

“t

Pr=P=1.

Similarly, along the deterministic growth path, the price is a constant markup
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over marginal cost:

pP* n T
= = Tflmc =(1+X\)mc=1 (D.16)

Finally, the assumption of monopolistic competition in the presence of free
entry requires zero profits along the balanced growth path. Real and detrended
profits of intermediate producer i are given by:

Bi(i)
b

Bi(i)
b,

I (i) = —5=ye(i) — wen (i) — rike(i) = —5=we(i) — mey(8) [y () + p' @]

Integrating over all ¢ € [0, 1] and using the definition of the price index (D.2)
yields:

Hf:yt—wt/ol (3)di — rF /Olkt( )di (D.17a)

Zyt—mct(/olyt(z')dz'+(1>) Zyt—mct(yt/() P;(t)d +(I>) (D.17b)

Using the expression for the steady state markup, equation (D.16), the zero-
profit condition (D.17b) implies that along the symmetric balanced growth
path:

=)\ (D.18)

_rl i) 7. _
O:ﬁp:g_yf()?cilwrcb:f g+ o )
1+, 1+ 7

D.1.3 Labor packers

Intermediate producers use a bundle of differentiated labor inputs, ¢ € [0, 1],
purchased from labor packers. Labor packers aggregagte, or pack, differenti-
ated labor, which they purchase from unions. They are perfectly competitive
and face an analogous problem to final goods producers:

! ny(0) A
max Weng — / Wi (Ony(0)dl  s.t. / H( i€ w) ¢t =1, (D.19)
0

ne,nt (€ Ty

where H(-) has the same properties as G(-): H >0, H" < 0,H(1) = 1.
The FOC yield differentiated labor demand, analogous to intermediate
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goods demand (D.3):

20)
Given the aggregate nominal wage W; = 01 ";—(@wt(ﬁ)dﬁ, labor packers are

willing to supply any amount of packed labor n;. Labor demand elasticity
behaves analogously to the intermediate goods elasticity:

(o)) = Vel dui(0) _ H'(n(0))
M (0e(6)) = =T TV imemazico — "0y (O H (0 (0)) (D.21)
W0 dpu0) 1A ((0) i )
i) = s =1 ) (o Tm )
(D.22)
where n,(¢) = t—t and the markup is defined as A!(n(f)) = m
Ay(ng(0)) = % can be equivalently expressed as:
+ g0y (0
Ay(n) = ! | (D.23)

A (1), (n) + 1

D.2 Households

There is a measure one of households in the economy, indexed by j € [0, 1],
endowed with a unit of labor each. Households are distributed uniformly over
the real line (i.e., the measure of households is the Lebesgue measure A). We
distinguish two types of households: intertemporally optimizing households
Jj € 0,1 — ¢] and rule-of-thumb households j € (1 — ¢, 1], so that they have
measures A([0,1 —¢]) =1 — ¢ and A([0, ¢]) = ¢, respectively.

Households have preferences over streams of consumption and hours worked,
{Cri5(J), neys(7) 22, which are represented by the life-time utility function Uy:

oc—1
1+v

U, = Etzﬁs{ (Cuns) = HCrsems)' ™ 0 [ i)

(D.24)

Here h € [0,1) captures external habit formation, o denotes the inverse of the

intertemporal elasticity of substitution, and v equals the inverse of the labor

supply elasticity. Households discount the future by 8 € (0, 1), where /3 varies
by household type.

The fraction 1 — ¢ of the labor force that is not credit-constrained maxi-

mizes its life-time utility subject to a lifetime budget constraint and a capital
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accumulation technology. The remainder of the labor force, i.e., a fraction ¢,
is credit constrained (or rule-of-thumb): they cannot save or borrow.

D.2.1 Intertemporally optimizing households

The intertemporally optimizing households choose consumption {Ci;s(j)}, in-
vestment in physical capital {X;ys(j)}, physical capital {K7, ,(j)}, capacity
utilization {u;;(j)}, nominal government bond holdings B}, (j), and labor
supply {n::s(j)} to maximize (D.24) subject to a sequence of budget con-
straints (D.25), the law of motion for physical capital (D.26), and a no-Ponzi
constraint. Households take prices {P,, }, nominal returns on government
bonds {gf,,Ri+s}, the nominal rental rate of capital {R},,}, and nominal

wages {W,.s} as given.
The budget constraint for period ¢ 4 s is given by:

C . - Bn S(j)
(14 7516)Crrs(d) + Xirs(d) + Rgﬁip <
t+st t+s
By 1( thn (1) + Awtrsn sth
Sy 4+ —1E 1(7) +(1_Ttn+s)[ st () dtsThits Wiy ]+
Ppis Py
Ry ur4s(5) : ; agg 1 Lipsrt™
1= at ) (P afung)) +ork | [0-bs KB 1)+l K T
t+s t+s
(D.25)

where (7f,,, 7/, T/.;) Tepresent taxes on consumption expenditure, capital in-
come, and labor income, respectively. The wage received by households differs
from the one charged to labor packers because of union profits — union prof-
its )\w,HSnHSW[jFS are taken as given by households. Households also receive
nominal lump-sum transfers {S;,s}. a(-) represents the strictly increasing and
strictly convex cost function of varying capacity utilization, whose first deriva-
tive in the case of unit capacity utilization is normalized as a’(1) = 7%.13 At
unit capacity utilization, there is no additional cost: a(1) = 0. II}, pu'** are
nominal profits, which households also take as given.

There is a financial market friction present in the budget constraint; wy, | #
0 represents a wedge between the returns on private and government bonds,
and is a pure financial market friction — if wf > 0 then households obtain
less than one dollar for each dollar of after-tax capital income they receive, rep-
resenting agency costs. Agency costs are reimbursed directly to unconstrained
households, so that the friction has no effect on aggregate resources. This
financial market friction is similar to a shock in Smets and Wouters (2003),
who introduce it ad hoc in the investment Euler equation and motivate it as a
short-cut to model informational frictions that disappear at the steady state.

137k represents the real steady state return on capital services.
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Physical capital evolves according to the following law of motion:

Xt+s (])

K2L) = (= 0%, )+ |15 (5200 ) | x(), 020)

where new investment is subject to adjustment costs described by S () These
costs satisfy S(u) = S’(u) = 0,5” > 0. The relative price of investment
changes over time, as captured by the exogenous {qf,,} process. Physical
capital depreciates at rate ¢.

For future reference, note that the effective capital stock is given by the
product of capacity utilization and physical capital stock:

Kff:f:(j) = Kf—l—s—l(j)ut—i-s(j)' (D.27)

To obtain the aggregate capital stock, multiply the above quantity by (1 — ¢).

The solution to the household’s problem is characterized completely by the
law of motion for physical capital (D.26) and the following necessary and suf-
ficient first order conditions. To derive these conditions, denote the Lagrange
multipliers on the budget constraint (D.25) and the law of motion (D.26) by
A=, ZF) — replacing the household index j by a superscript RA.

o—1 Y
6] St 78) = exp (T () ) (64~ G

1+

_ n Wwh o—1 5 5 3
] S0 = 7 = e () (A CE — nCH
B, Z, = B¢’R,E =it
[ t] t ﬁqt ity (Pt+1/Pt

Rk :k
[K?] _t = PE,; <_t+1 [qt ((1 — Ttlis) [P:H Uppr — a(Upgr) + 5Tt+1:| +(1-9) _:j)

XRA XRA XRA
x| ===t (1-8(5m) -5 (5m) (Sm)
i ===t (1-5(m) -5 () (i

—k XRA XRA 9

+5Et< ”1‘-’f+15'(xi5§)(x§§> )

Rk
w] 5=l

By setting /(1) = 7* we normalize steady state capacity utilization to unity:
u=1.
For what follows, it is useful to detrend these first order conditions and
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the law of motion for capital. To that end, use lower-case letters to denote
detrended and real variables, as exemplified in the following definitions:

KR4 W, Who . R =
ERA=0 = —L wh= L =L 6 =207 Q= 2L, 8= Bu°.
t ,ut y Wi Pt,ut » Wi B,U/t’ t Pt ) é-t tht Qt Et ) 5 5:“’

1 denotes the gross trend growth rate of the economy. For future reference
note that government expenditure is normalized differently: ¢, = . Substi-
tuting in for the normalized variables yields:

o—1
61+ 77) = exp (S0 ) ) [ = (el (D 20
o—1
61 = yul = exp (T2 () (EYE ~ (/e (D.290)
2 >gov §t+1 )
= BRI™E D.29¢
é-t B t t (Pt+1/Pt ( )
Qi = PE, (% [qtk((l — i) [t — a(ug)] +07f,) + (1 - 5)Qt+1D
(D.29d)
RA £RA RA
o T o xt I / 1% xt %
L= Qi (1 S(IE) S(;Egml )(;Egml ))
A §t41 r o 517RA1M af 1,U
+ AR (g—Qt-Hqt—i-lS ( ;}A )( ;,:}_BA ) (D.29¢)
i = d'(u). (D.29f)
The detrended law of motion for physical capital is given by
_ RA
ppra = 179) ’ O s i gz [1 —~ S<§§m u)} ke (D.30)
t—1

Combining the FOC for consumption and hours worked gives the static opti-
mality condition for households:

1—-7 B
. +thwi‘ (/) [ef = (h/pw)ef). (D.31)

Combining (D.29a) for two consecutive periods and using (D.29¢) gives the

XIX



consumption Euler equation:

E, <§t+1(1 + th+1)> _E, (exp(a 1 (”ﬁé)”") |:Ct+1 (h/p)eft } U)'
&(1+750) 1+v\nf Ct (h/p)efs

(D.32)

Equation (D.29d) is the investment Euler equation. The FOC for capital
(D.29e) can be used to compute the shadow price of physical capital ;.

Using the investment Euler equation shows that along the deterministic

balanced growth path the value of capital equals unity (since S'(u) = S(p) =0

and ¢* = 1). From the consumption Euler equation and ¢” = 1. we obtain the

interest rate paid on government bonds under balanced growth. Finally, the

pricing equation for capital and the investment Euler equation pin down the

rental rate on capital. Summarizing:

Q=1, (D.33a)

R=p"1'x, (D.33b)

1= B[(1 =77 + 675 4 (1 — 0)],
PRt ) Gkt (D.33c)

1—7k

The bond premium shock ¢’ differs from a discount factor shock, although
it results in an observationally equivalent consumption Euler equation — if time
preference were time-varying, the period utility function would become:

1 - o—1
1= (Ct—i-s( ) = hCiys- 1) }GXP {1+ Nigs(J 1+V} H%H 1

=1

so that the ratio ft—“ would be proportional to ¢, so that the consumption
Euler equation is unchanged The effects differ, however, insofar that the
present formulation on basis of the government discount factor also affects the
investment Euler equation and the government budget constraint.

For measurement purposes, it is useful to rewrite the linearized FOC for
capital, after substituting out for the discount factor. It shows that the private
bond shock represents the premium paid for private bonds over government
bonds holding the rental rate on capital fixed:

(L — TE(PE) + (1 — OB (Quin)
(1 —7k) + 07k +1 -9

- Qt = (Rt - Et[ﬂt]) + df "‘Qf

Note: The shock & in the budget constraint has been rescaled here; & is the
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deviation of the rescaled shock from its steady state value.

D.2.2 Credit-constrained or rule-of-thumb households

A fraction ¢ € (0,0.5) of the households is assumed to be credit-constrained.
As a justification, one may suppose that credit-constrained households dis-
count the future substantially more steeply, and they are thus uninterested
in accumulating government bonds or private capital, unless their returns are
extraordinarily high. Conversely, these households find it easy to default on
loans, and they are therefore not able to borrow. We hold the identity of
credit-constrained households, and thereby their fraction of the total popula-
tion, constant.

Rule-of-thumb households face a static budget constraint in each period
and are assumed to supply the same amount of labor as intertemporally opti-
mizing households. Given

nfﬁ?(]) - nzﬁi Nits,
consumption follows from the budget constraint in each period:

h ., RoT
Wil snis (7) + A t+sWt+snt+s
Pt+s

(1+th+8)cf£05( ) < Sﬁi-og (1_7—12‘1-8) +Ht+sru’

(D.34)

Rule-of-thumb households receive transfers, labor income including union prof-
its, and profits made by intermediate goods-producing firms.

Removing the trend from the budget constraint (D.34), omitting the j
index, and solving for (detrended) consumption:

1
Cﬁi?g — 71, ¢ \ (Sﬁi-OsT + (]' - Ttyz—s)[w?-l—snﬁi-og + )\w7t+8w?—i—snt+5] + Hf—i—s) .
(1 + 7s)

(D.35)
From the budget constraint (D.34), the following steady state relationship
holds:

ghor — 5 T )Jun (D.36)

We assume that:
5 = 3. (D.37)

D.2.3 Households: labor supply, wage setting

Households supply homogeneous labor to unions, which differentiate labor
into varieties indexed by ¢ € [0, 1] and sell it to labor packers. In doing so,
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unions take aggregate quantities (i.e., households’ cost of supplying labor and
aggregate labor demand and wages) as given. Unions maximize the expected
present discounted value of net-of-tax wage income earned in excess of the cost
of supplying labor. In the presence of rule-of-thumb households, unions act
as if they were maximizing surplus for the intertemporally optimizing house-
holds only. If the mass of rule-of-thumb households is less than the mass of
intertemporally optimizing households, i.e., ¢ < 0.5, which is satisfied in the
parameterizations used, a median-voter decision rule justifies this assumption.

The labor unions problem is analogous to that of price-setting firms, with
the marginal rate of substitution between consumption and leisure in the rep-
resentative household taking the role of marginal costs in firms’ problems.
From the FOC [C] and [n], the marginal rate of substitution is given by
Yntvs — (nRAYV[CRA — hCBA](1 + 7). Whenever a union has the chance to

Ztt-s

reset the wage it charges, it chooses W/ (¢):

Nits (€>7

(D.38)
subject to the labor demand equation (D.20). 1 — ¢, denotes the probabil-
ity that a union can reset its wage. If it cannot adjust, wages are adjusted
according to a moving average of past and steady state inflation and labor
productivity growth:

W (() = arg IpaxEtZ(Cw) 5 5”5 [(1 _.n )VVHS(E) n Unt+s

LLL1C E— & Prys Stts

Wips(l) = HM Titv—1) gl = W:(@Xfﬁs-

Using that n; = nf*4, the first order condition is given by

- 5§t+s Niys(0) n Wt*(g)xgt-i-s(g)
- Etzgpw (ea+(0) Wi (0 (“‘Tt“) P,

L X ()14 70l [CEA — hORA 11)
(D.39)

and can be equivalently expressed as

Wrt) B G e (DL + A (o (0)) (L4 7, Ity [CF4 — hORA ]

00 s B5€1y s n o Xirets(0)
Pt Et Zs:(] Cp gt/\wﬁ(n?;s(é))nt“ (€>(1 - Tt—i—s) Ptrg/Pt
(D.40)
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Aggregate wages evolve as:

VVt _ (1 _C )W*H/—l (Wt*nt) ‘I’C ﬂ_Lwlﬁ_l—LwVVt 1H,—1 (Wéflﬂl—mm_lnt)
- w t —-n wtt— — —n .

—t

" A
Along the deterministic balanced growth path, the detrended desired real
wage is given by a constant markup over the marginal rate of substitution.
Given constant inflation, the symmetric deterministic growth path also implies,
from equation (D.41), that the desired real wage equals the actual real wage:

w=w" = (1+ \,)0" = (1 + Aw)ll i :Lﬁ”ERA[l — h/ul, (D.42)
- T

where the second equality uses (D.31).

D.3 Government

The government sets nominal interest R; according to an interest rate rule,
purchases goods and services for government consumption G, pays transfers .S;
to households, and provides public capital for the production of intermediate
goods, K/. Tt finances its expenditures by levying taxes on capital and labor
income, a tax on consumption expenditure, and a tax on one period nominal
bond issues. We consider a setup in which monetary policy is active in the
neighborhood of the balanced growth path.

D.3.1 Fiscal policy

In modeling the government sector, we take as given the tax structure along
the balanced growth path as in Trabandt and Uhlig (2011), who used NIPA
data to compute the capital and labor income and consumption expenditure
tax rates for the US. Off the balanced growth path, we follow Uhlig (2010b)
in assuming that labor tax rates adjust gradually to balance the budget in
the long run, whereas in the short run much of any additional government
expenditure is tax financed.
The government flow budget constraint is given by:
k
+77C + Tt"nt% + 7F ut& —a(uy) — 6| KV 4.

P, Py
(D.43)

By B,
G+ X7+ S <
t + t _I_ t _I_ Pt — RthUPt
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Detrended, the government budget constraint is given by:

by K
ygs + xf +st+ 1< Rgov + 7y + T gw, + TRESTE — 1t a(uy) +5]
(D.44)
Government consumption g, = <% is given exogenously and is stochastic,

driven by genuine spending shocks as well as by technology shocks.

By introducing a wedge between the FFR and government bonds, we cap-
ture both short-term liquidity premia as well as changes in the term structure
of government debt. Since the latter is absent with only one-period bonds, in
the estimation, the bond premium may also reflect differences in the borrowing
cost due to a more complex maturity structure.*

Labor tax rates have both a stochastic and a deterministic component.
They adjust deterministically to ensure long-run budget balance at a speed
governed by the parameter v, € [wT, 1], where ¢_ is some positive number
large enough to guarantee stability. To simplify notation denote the remaining
detrended deficit prior to new debt and changes in labor tax rates as d;:

by v
dy = Ggr + 29 + 5+ 55 + 221 — 7o, — Fruyn, — FESE 4+ 7oL
Ty K

In the baseline case, labor tax rates are adjusted according to the following
rule:

(Ttn - 7Tn)'wtnt + G;r = ,lvb'r(dt - CZ)> (D45)
where €] is an exogenous shock to the tax rate.
In general:
(1] — T™)wyny Baseline, 7¢ = 7F = s¢ndo = (),
- ¢ —7c Alternative 1,7 = 7} = s¢"de = (),
wT(dt_d)_EZ: (t k)t k . ! ! td
(7F — 78V ks (rk — §)  Alternative 2,7/ = 7 = sf" °=0,

t
— (s endo __ 5) Alternative 3, 7' = 77 = Tt =0.

(D.46)

Debt issues are then given by the budget constraint or equivalently as the
residual from (D.45): Rgov = (1 —p.)(dy — d) + €.

Government investment is chosen optimally for a given tax structure. Given

the congestion effect of production on public infrastructure, a tax on produc-

tion would be optimal (Barro and Sala-i Martin, 1992). Similarly, we neglect

4 Historical data from the Board of Governors of the Federal Reserve System implies a
maturity between 10 and 22 quarters with an average between 16 and 20 quarters (The
Federal Reserve Board Bulletin, 1999, Figure 4).
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the potential cost of financing of productive government expenditure via dis-
tortionary taxes. To motivate this assumption, note that along the balanced
growth path, government capital can be completely debt-financed or privatized
and financed through government bond issues, whereas other government ex-
penditures, such as transfers, that are not backed by real assets have to backed
by the government’s power to levy taxes.

Formally, the government chooses investment and capital stock to max-
imize the present discounted value of output net of investment expenditure
along the balanced growth path:

max o Et Zﬁs HHS Yigs — Xt—l—s]

{Kt+.s7 t+s

given K/ ; and subject to the aggregate production function (D.8) and to the
capital accumulation equation:

g ~ 1,9
[Xt+s + U ]
g

Xitso1 +ut+s 1

Kf+s = (1 5)Kt+s 1 + qt |:1 - S ([ ]):| (th+s + ~tm-;-gs)
(D.47)

The government is subject to similar adjustment costs as the private sector
is Sy(p) = Sy(p) = 0,87 > 0, and investment is subject to shocks to its
relative efficiency ¢;7%. We assume that government capital depreciates at
the same rate as private physical capital. u™¢ represents exogenous shocks to
government investment spending, such as stimulus spending.

Denote the Lagrange multiplier on (D.47) at time ¢ + s as Bs%ﬁ. Then
the first order conditions are:

) 1= St (1, (R s (L (L)

:t €1+ Xiq—l €1+ Xf 1] Etll + th—l]
=g &9 4 X9 &9 4 X9 9
+ AR, i+1 f+15, ([ i{}g H;]) ([ tj;clg t—;l])
:t I:ut7 _'_ Xt ] [ ’ + X ]
=J = Y, + utd =9
K == m&( L=+ (1-9) ;“)-
=t =t -1 =t

[+

Defining the shadow price of government capital as Q7 =
the first order conditions can be equivalently written as:

e+ el Fallpy g 67 +allp )
1= - S (=t um ) _ g
Qid ( J ( e + xf_1]> 7 ( [, + xf_1]> <[€flgl + xf—l])

and detrending,

g]| [1]
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_ z,g g g g )
+ OE; (Q?HEQZCHS;([QH i xtH]M) ([Etﬂ + xt+1]#) )

& e + ] 6% + ]
(D.484a)
Q=i (Sl L Sy, ) (D.15b)

where €9 = iéf Y denotes the detrended investment spending shock.

Along the balanced growth path, S,(u) = S;(p) = 0,9 = 1,é9 = 0
ensure that the shadow price of capital equals unity. Introduce r{ as shorthand
for the implied rental rate on government capital:

7o Ut D.49
In the steady state, from (D.48b):
=Bt~ (1-9). (D.50)

Equation (D.48b) determines the optimal ratio of government capital to
gross output. Importantly, the law of motion for government capital (D.47)
and (D.48b) evaluated at the balanced growth path allow us to back out the
share of government capital in the aggregate production function, for any given
government investment to net output ratio f—; From the law of motion along
the balanced growth path:

1— _ 79 k9
x9=<1——zﬁ)w e Y_p_a-o¥

From the equation for r/, we have that % =C ?%g Combined with the

previous equation this allows us to solve for the government capital share (:

i L
J A (D.51)

= TR —(1=9)7

D.3.2 Monetary policy

The specification of the interest rate rule follows Smets and Wouters (2007).
The Federal Reserve sets interest rates according to the following rule:

RfFR B Rf_}iR PR 7Tt Y1 Y, Y27 1-pr )/;/)/;_1 P3 ) D52
R = R % _f f f Eta ( . )
Y, Y /Y,
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where pr determines the degree of interest rate smoothing and Y;f denotes the
level of output that would prevail in the economy in the absence of nominal
frictions and with constant markups (i.e., the flexible output level). 1 > 1
determines the reaction to deviations of inflation from its long-run average,
and 19, 13 > 0 determines the reaction to the deviation of actual output from
the flexible economy output and to the change in the gap between actual and
flexible output.

Due to financial market frictions, the return on government bonds differs
from the FFR:

RI% = RFFR(1 +ub).

The flexible economy is the limit point of the economy characterized above
with ¢, = ¢, = 0 and no markup shocks: P = ¢ = 0. From the pricing
and wage-setting rules, this limiting solution implies:

/(i

P;gt(f) =1+ )\p(y{(i))]mcf(z'), (D.53)
f o )

U = el ON o e - hel), (0

where the superscript f denotes variables in the flexible economy. Given that
final goods are the numeraire and given that firms are symmetric and can
freely set their prices:

1=P/ = P/G) =1+ \0)]mc (i) W, (D.55)

implying that marginal costs are constant for all firms.

Similarly, since all unions face a symmetric problem and can freely reset
wages we have that, using that the numeraire equals unity and dividing by
trend growth:

wliey w/ 1475
t():_t:w{:[pr)\w(l)]%n{
M M 1 =7

[ef = (h/mel_].  (D.56)

Money does not enter explicitly in the economy: the Federal Reserve sup-
plies the amount of money demanded at interest rate R;.

D.4 Exogenous processes

The exogenous processes are assumed to be log-normally distributed and,
with the exception of government spending shocks, independent. Government
spending shocks are correlated with technology shocks. Shocks to the two
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markup processes follow an ARMA(1,1) process, whereas the other shocks are

AR(1) processes.

log ey = pylogel | + uy,
loge, = pyloge, | + uj,

log g; = log g + @,
log g; = (1 — py)log g + pylog g/ | + ogauy + uf,

exo _ &8
log s{° = @,

loge] = p,loge] | +uy,

"’)\7]7 — ‘“’)\7]) Aﬁn >‘7p
log &, = paplog €7 + up™ — Oy puiy,

log Ef"w = paw log €;\f'{ + u;\’w — 9,\7wui‘f'{,
log(1 4+ w})) = logq, = pylogql_; +ul,
log(1 —wy) = loggf = pi.logqf 1 + uf,

log ¢ = pzlogqy | + uy,

log ¢ = payglog ¢/ + u?,

uy ~ w (0,02)
(D 57a)

ui X N(0,07)
(D.57b)
(D.57¢)

uy ~ £ (0,02)
(D.57d)
(D.57e)

u; ~ i (0,0%)
(D 57f)

" EN(0,03,)
(D.57g)

up™ N0, 02,)

(D 57h)

b N(0,02)
(D 571)

iid
Uf (0, Uk)
(D.575)

uf N0, 02)
(D.57k)

uP? EN(0,02 )

) x,q

(D.571)

Three shocks are deterministic and used for policy counterfactuals only:

~5 ~g ~,9
Uy, Uy Uy

D.5 Equilibrium conditions

D.5.1 Aggregation

From the final goods producers’ problem (D.1) and using the zero-profit condi-
tion in the competitive market, net output in nominal and real terms is given
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by:

1 1
Pm:/ Pi(i)di < Yt:/
0 0

Outside the flexible economy, relative prices differ from unity, so that output is
not simply the average production of intermediates. To a first order, however,

price dispersion is irrelevant because y:(i1) ~ v — 1,(1)y: (P;(:) — 1), so that

the dispersion term averages out in the aggregate fol Y (1)di = yy.
In the presence of heterogeneous labor, the measurement of labor supply
faces similar issues because:

1
Wi(f)
ng = ———n,(0)dl,
= Tw +(0)
which, by analogy to the above argument for output, generally differs from
average hours. However, to a first order:

/ 1 ne(0)dl = ny (D.58)

Noncredit constrained households are indexed by j € [0, 1 —¢], and there is
measure 1 — ¢ of these households in the economy. Each noncredit-constrained
household supplies K;(j) = K4 units of capital services, so that total hold-
ings of capital capital and government bonds per intertemporally optimizing
household are given by ﬁ times the aggregate quantity. Similarly, household
investment is a multiple of aggregate investment. To see this, note that aggre-
gate quantities of bond holdings B;, investment X;, physical capital K7, and

capital services K; are computed as:

1-¢
K, = / KG)A) = K1 — ¢)'A[0,1— ¢]) = K.

Aggregate consumption is given by:

1 1-¢ 1
Co= [ clom = [ e+ [ CETAG) = (1-0)CTAoCH T
0 0 1-¢
(D.59)
Given the consumption of rule-of-thumb agents (D.36), that of intertem-
porally optimizing agents is given by:

RA c — ¢EROT
c =

=g (D.60)
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Similarly, aggregate transfers are given by
Sp = (1—¢)S[ + ¢S[eT, (D.61)

where equation (D.37) implies that:

RA + RoT.

S=35 S
Aggregate labor supply coincides with individual labor supply of either
type of household.

D.5.2 Market clearing

Labor market clearing requires that labor demanded by intermediaries equals
labor supplied by labor packers:

1 1
/ nt(l)dl = Nt = Ny Wt—(g)nt(g)dg,
0 0 Wt

where n,(¢) is measured in units of the differentiated labor supplies and n; is
measured in units which differs from those supplied by households.

Adding the government and the budget constraints of the two types of
households, integrated over [0,1 — ¢| and (1 — ¢, 1], respectively, and sub-
stituting fol ne(H)WH + N\ow)dj = Wyng, which results from combining the
labor packers’ zero-profit condition with the union problem into the household
budget constraint, yields the following equation:

‘ Wits
Crps + Xiys(§) + G+ X s =1y Pt+
t+s
Rf—i— Uts 17, e
S —alu s Kp . _I_ +87’
P (Utss)| K P

Detrending and substituting in for real profits from (D.17a) and using that
Wt fol un (Z)d’l = WM yields:

Ciys T Tors + YGrvs T Vs = Yers — (o) ks y, (D.62)

which is the goods market clearing condition: Production is used for govern-
ment and private consumption, government and private investment, as well as
variations in capacity utilization.
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D.6 Linearized equilibrium conditions

D.6.1 Firms

Log-linearizing the production function around the symmetric balanced growth
path:

. +o/ ., - .
U = ks 7 < + CkY_ 1+a(1—§)/€t+(1—oz)(l—C)nt). (D.63)
The capital-labor ratio is approximated by (D.9):

]%t = TAlt + wt T’f, <D64)

where symmetry around the balanced growth path was used.
Marginal costs in (D.65) are approximated by:

—~ ~k ’g ~ Aa ki] TC( ~a
me, = (1—oz)wt+ozrt——< Ct— ?j—|—<1>y+ 1o €,
(D.65)

and in the flexible economy from (D.55):
mel =0 (D.66)

To log-linearize the pricing FOC (D.14), note that, to a first order, the

§t+syt,t+s(i)
7 Ap(yets()Ee?
using equation (D.16). As a preliminary step, notice that in the absence of

markup shocks:

e (2 e )

common terms in numerator and denominator, i.e. cancel out,

— e Mp —1 dnp(yt+8())|}’t+s(l)

yits(i)=1 B 1- My - My p
Prys(i) 1’

e (22)
~Niip(1)d [ =
o0 ()|

Pt+s(i)) ( Xt t+s ) (P*( ))
B (AN [N (U G S .
( Pris I;if: =1 | | P P,

Notice that from (D.22):
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To simplify notation and to address markup shocks, use é* = 1 and define:

ap _ 0 ( 1 (yers(2)) )

e 862‘4’; L= mp(yers(7))

s () (qu)_G:(l))
= T (P \ @)~ Gr(1))

Now, taking a first-order approximation of (D.14) and using symmetry yields:

[e.e]

0=E 3 (uBG) [5i () + Z ot = ]| (L (1)

s=0

— [Mmeyys + €t+s]

s

11 N o 2 ) .1
=0 =B ) (uBG) [mees + €] — D e — f] 7
AN P 5:U“<p 1 A
= mc; + - —-E
t T € 11— 5MCpA [p7Tt t7Tt+1]
) o A L
+ uBCEE Z(MﬁCp) [MCrpies + E04) — Z[meH — 7Tt+1+l]AT
5=0 1=1 P
A)\ p B/”Lgp 1 A n Ak
= + ¢ E + E .
= mey 1_ 5MCp [Lpﬂt t7Tt+1] :U“ﬁgp tPi4+1
Now, linearizing the evolution of the price index (D.15):

A~ Cp A%k

=L [t -] & &= +
t pTt—1 t Dy Lp7Tt 1-
11— Cp Cp

Forwarding the equation once and substituting in and solving for 7; yields:

Ak
Py

A lp ~ Cp/Bl’Ll C;D AP B,u
M= ————T_ A (mey + &P + —L—E 7 D.67
1+ 1,80 1+Lp5u g et &+ g B (D6T)

D.6.2 Households

The law of motion for capital (D.26) and the fact that individual capital hold-
ings are proportional to aggregate capital holdings imply:

kY = (1 - ﬁ) k., + E(It + dfss)- (D.68)
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From (D.27), capital services evolve as:
]%t = '&t ‘l— ]Aff_l. (D69)

From the static optimality condition (D.31)

(171 WO R

o= . D.70
o Vnt_l_ 1—h/u 1—7 147°¢ ( )

In the flexible economy, given the absence of markup shocks equation (D.56)
implies:
e —(wety antdr

of _ ot
S e Y 1—7 147

(D.71)

In the presence of rigidities, the dynamic wage-setting equation (D.40) can
be linearized as in the derivation of (D.67), recognizing that the analogue to
marginal costs is given by (D.70):5

'U/:] — wt—_l BMEt[@t—‘,—l]
L1+ 1+ B
(1 - CwB:u)(l - Cw) 1 R thn thc
T ey GO R i  p
1+BMLU) A by o ﬁ,u . gt)\,w
145 T e e L R D.72
14+ B 4 1+5M7Tt 1 1+ B t[Tev1] 1+ B ( )

15Here, the analogy with marginal costs holds only to a first order. Noting that common
terms drop out the first order condition (D.39) and using (D.42) as well as A, = [1 +
Awfiw(1)] 71 linearizes as follows:

s=0 =1

0=E, (Z@wﬂﬁ)s/\iw* <[u§: + Z(Lwﬁt-kl—l - 7ATt-H)] (1 + j‘ﬁw(l)) - j‘wﬁw(l)wt-i-s + wt+s + g?ﬁé))

1 ok . .
> WA;l[wt + v — Ey(Fig1)]
o) s—1
+E, (Z(Cwﬂﬁ)s ([AJI D (twerr = #ei1)] (L + M (1)) = [Ag" = Uibeys — fy, — gi\fé))
s=0 =1
1 1Ak ~ ~ o} * ~h 2N, w —1y,
x WAUJ [@F + twite = Be(frig1) — QuiuBEe(wiy )] — b — & — (1= A, )iy

Log-linearizing the law of motion for aggregate wages (D.41) around the symmetric balanced
growth path yields:

- 1
w, =
t 1_<w

Substituting this equation into the above for wy,w;,, and re-arranging yields (D.72).

[wt - Cw’UA}t—l - <Lwﬁ—t—l + <w7%t-
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From the consumption Euler equation (D.32):

Et[éer1 — &) + By [drf, —dr] =
dura . o R h h
- <(“ — D e =] = {Ct+1 (1 + u) i peﬁﬁ])

=1 h me E((0 —1) et CRAh/ucRA] (s — ]
o—[ < ) . ZciAD
1—h/u E((o 1)1+)\ 111;;2[””1 el

h h .
i 2o ],

where the last equality uses (D.42). Solving for current consumption growth:

. 1 R hiw L—h/p 2 . ¢ ¢
et = mEt[Cﬁé] + mcﬁﬁ + mEt[&H — &+ (driy — df)]
o —1][wn/e] 1 1-—71"

o[l h/p] TN, 14T (Ee[ftr1] = 7). (D.73)

The remaining households” FOC linearize as:

Eyldesr — &) = =@} — R + Baffrg], (D.74a)
Sy A 1
@ = =G = (B~ By[mp]) + TRl —7F) + 01k +1 — 5
X {(Fk(l — M)+ omMVGF — (7 — 5)d7’t'11+ (D.74b)
+ 7 (1 = TME(FF) + (1= 5)Et(Qt+1)] , (D.74c)
. 1 - . 1 A .
=175, [!Et—l + BuEe(Ze41) + m[@t + %]} ,  (D.74d)
iy = Z (( )) _ 1 ;%ff. (D.74e)

For the credit-constrained households, (D.35) implies the following linear
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consumption process: consumption evolves as

R 1 RoT wn o X . . ?j de
& = 14 7¢ (CROTSt + o (1= ) (e ) — dr] = dry + CROTTt) ’
(D.75)
where the change in profits is given by:
drr? |
— = — My
7 1+ !
D.6.3 Government
The financing need evolves as:
d 1 . 5 ewoa b by — 7 L, WN ¢
— == wlgy + g°1 + p=5; 9 4 - t—,m' ——(wt+nt>
Y K Y Y m cy
o EA L kr=k K k_ SVEP E D
NTcht Ty + (ry ) t—1]ﬂg : (D.76)

In the benchmark case of distortionary labor taxes, labor tax rates evolve
according to (D.45), which is linearized as:

onc | d dd
w—_”i[ Tt]+7 @bf%
¢yl m

T AEXO: l_)l;

_ [gt+g]+u 577 + — ft—ur w—n2<wt+nt>

K Y y cy

_ Co kfk k kE _ s\7.p E
'LLTCth TPy 4 (1) 5)kt_1],ug . (D.77)

In general, tax rates, or endogenous transfers, satisfy from (D.46):

¢ drf i —Skdrf s

{_} HT g ; b2 S wT (D7)
Debt holdings are determined from the budget constraint (D.44):

] et

Tn y T°

10~ N N dd , W
Ei[bt Rt_qf] —( ¢T)Tt_ 7
it N

S ~endog AT

I gendog _ ¢ (D.79)
— k — t
Y T Y
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The linearized counterpart to the law of motion for government capital
(D.47) is given by:

. 29\ - 79 o .
k9 = (1 — E) k), + s —q7 + E[mf + &7, (D.80)

z,9 a9
where u; ¥ = —L-.

The marginal product of government capital (D.49) is approximated by:

g
Ty

T (ID — kY. (D.81)
The shadow price of government capital (D.48b) has the following linear
approximation:

1

m[ TE(7Y) + (1_5)Et(@f+1)]- (D.82)

@f = _(ﬁ)t ‘ij —E¢[m44]) +

The Euler equation for government investment (D.48a) is approximated as:

R 1
& = Ty +u?y + ﬁMEt([%H +ui]) + 5o —

T Q7 + 67| — uf”.

(D.83)

25//( )

The monetary policy rule (D.52) is approximated by:
Ry = prBey + (1= pr)[afee + (e — 9] + s A(G — 9) + & (D.84)

D.6.4 Exogenous processes

The shock processes (D.57) are linearized as

€ = Pafi_y +uy, (D.85a)
€ = prépy +uy, (D.85b)
g = g; +uf, (D.85¢)
gf = pggz?—l + Ugau? + utg’ (D85d)
§t = fbf, (D85€)
€ = préf_y +ug, (D.85f)

:Avp _ ’/‘\’)\717 )\,p )\,p

€ = Papbely T U — QA,pUt_l, (D.85g)
& = prwert + U — Ot (D.85h)
0 = polit—y + s, (D.85i)
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Q5 = prdiy + i, (D.85j)
@i = paliy + g, (D.85k)
4" = pagliy +ug . (D.851)

D.6.5 Aggregation
Aggregate consumption (D.59) and transfers (D.61) are linearized as:

=“RA —RoT

& =(1- ¢)c AR ST (D.86)
§RA » —RoT oy
Se=(1- ¢)T§t + ¢ Cr (D.87)
D.6.6 Market clearing
Goods market clearing:
¢, x,. w1, . Tk
Yt = =C + =T + — Ty -+ gt + —Uy. (D88)
Y ) ) )

D.6.7 Solution

In addition to the exogenous processes in (D.85), the economy with frictions
is reduced to 21 variables, whereas the flexible economy is characterized by
19 variables only, given perfectly flexible prices and wages. Table 13 on
page XXXVIII lists the remaining variables and the corresponding equations.
For the flexible economy, all variables other than those with an “n/a” entry
have an / superscript. The markup shock processes affect only the economy
with frictions. Table 14 on page XXXIX lists the steady state relationships
that enter the linearized equations.

D.7 Measurement equations

For the estimation of the model, the following measurement equations are
appended to the model:

AY; = 100(g; — 1) + 100(p — 1), (D.89a)
AC, = 100(é — é_1) + 100( — 1), (D.89b)
AX, = 100(& — #_1) + 100(x — 1), (D.89c)
AX? =100(27 — 27 ) + 100(p — 1), (D.89d)

XXXVII



Variable

Economy with frictions

Economy without frictions

¢ (D.86) (D.86)
el (D.73) (D.73)
¢l (D.75) (D.75)
i (D.74a) in (D.74d) (D.74d), (D.74a)
I (D.68) (D.68)
k (D.69) (D.69)
i (D.74e) (D.74e)
Q (D.74a) in (D.74c) (D.74c), (D.74a)
P (D.64) (D.64)
9 (D.74a) in (D.83) (D.83), (D.74a)
k9 (D.80) (D.80)
Q9 (D.74a) in (D.82) (D.82), (D.74a)
7 (D.81) (D.81)

den dre | One variable according to (D.78) & (D.76) (D.78) & (D.76)
{di’ sendd other variables = 0 other variables = 0
b (D.79) (D.79)
R (D.84) indirectly via (D.66)
* (D.67) =
e (D.65) =0
W (D.72) (D.71)
g (D.88) (D.88)
i (D.63) (D.63)

Table 13: Unknowns and equations
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Equation Expression

(D.62) [
Ey_d)ERgT
(D.60) o
T L (1—r™)wn
K (D.36) +1r
T (D.30) R
k (D 8) <M>ﬁ @>1T (E)l_a
’ ' ¥ ¥ n
u normalization a ! )
g definition Bu!
* (D.33¢) Bbrto-9)
_ =
5 (D.47) (1-12) "2
gy _ ™ =z
. (D-51) e T-(10)/ny
7 (D.50) 0
R (D.33b) Bz
mc (D.16) (1+ X))
Ap (D.18) 3 <
0 aTSE (1—a) () T-00=)
w (D.11) ‘ i)
__ (14Xy) F=00=a) rkI-a
T [n,(i)], [K(§)),(D.16),(D.18) e
. (D.9) Toatk

Table 14: Steady state relationships
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Wi

A?t = 100(tby — y_1) + 100(p — 1), (D.89e)
7005 = 1007, + 100(7 — 1), (D.89f)
R = 100R, + 100(R — 1), (D.89g)

G = 100gf + ¢, (D.89h)
7% = 1007, + 1, (D.89i)
bebs = 1000, + b°. (D.89j)

The constants give the inflation rate 7 along the balanced growth path and the

trend growth rates. 100(x — 1) represents the deterministic net trend growth
imposed on the data. Note that apart from the trend growth rate and the
constant nominal interest rate, the discount factor can be backed out of the
constants:

ﬁ-a
5—§M~

The constant terms in the measurement equation are necessary even if the
data are demeaned for the particular observation sample because the allocation
in the flexible economy cannot be attained in the economy with frictions.
Given a nonzero output gap, other variables also will deviate from zero. To
see why, notice that for the allocations to be the same in both the economy with
frictions and in its frictionless counterpart required that the Calvo constraints
on price- and wage-setting were slack — otherwise the equilibrium allocation
would differ from that in the flexible economy. Slack Calvo constraints, in
turn, required that aggregate prices and wages be constant, which implied a
constant real wage. Finally, a constant real wage would be inconsistent with
the allocation in the flexible economy.

D.8 Welfare implications

To evaluate welfare implications, we approximate the compensating variation
in terms of quarterly consumption of each type of agent separately as well as
the population-weighted average.

Independent of whether a household is constrained or not, equation (D.24)
gives the preferences of the household. Using the log-linearized model solution
around the deterministic balanced growth path, the lifetime utility of any time
path of consumption and hours worked can be computed as:

(Ml—o)t-i-s h

~ ~ = s _ A _ ~ l1-0o
Ur({Cpss Niys}) = Zﬁ {ﬁ (CGXP[Ct+s] - ;CGXP[CtJrs—l])
s=0
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oc—1

1+v

<o [T nexplie.))

> *1—0' A h A Y
t; BMI “] l s (eXp[Ct+s] - ; eXp[Ct+s—1])l }

,',—.Ll—l—lj 1-0o
X exp {— ” exp[(1+ V)ﬁt+s]]
~l—0o
_ 1-o\t €
=W
00 R 77L1+V 1-0o
i [ (¢ = e Yl el ]|

(D.90)

Now we can compute the compensating variation between to paths of con-
sumption and leisure, with and without the fiscal stimulus, as:

1
0 —o1s [ ¢ARRA GARRA 1-07 17—
S 3] (FE — B ) exp [~ 22 expl(1+ w)fiF ) 1

S o[t (e — Befttn ) exp |2 expl(1 + mpagz]])
(D.91)
An individual with discount factor g would be willing to give up a fraction I
of consumption in each period to live in an otherwise identical world with the
fiscal stimulus in place.

For large s, the deviations from the balanced growth path are numeri-
cally indistinguishable from zero. However, since Bu!~7 is in practice close to
unity, even for s = 1,000, the infinite sum has not converged. We therefore
approximate:

I' =

R~ A h . =14v 1—o
Z[ﬁlul—a]s [<€Ct+s _ ;60t+81) exp |:— ]7jl+ y (exp[(l + I/)flt_i_s])i|:|
s=0 ., A . ﬁH—V .
~ Z[ﬁﬂl—o]s [<€Ct+s _ ;€Ct+sl) exp |:— 110 (eXp[(l + V)flt+s])i|:|
s=0
[/Bﬂl—U]T"l‘l B
+ W(l —h/p)t

for some large T'. In practice, we use T' = 1,000 but checked the results for
T = 5,000.
To obtain 7', multlply equatlon (D.42) by n and divide by y. This

shows that altY = % (1+Aw) cRA/y T L 11+:C, which is in terms of the constants
m
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in Table 14.

D.9 Simple New Keynesian Model
D.9.1 Setup

There is a unit mass of agents, a fraction ¢ of which are constrained to be
rule-of-thumb (RoT) and consume their period labor income only. Interme-
diate goods are produced in monopolistic competition, while final goods are
produced competitively as an aggregate of all intermediate goods i € [0, 1].
The profits of intermediate goods producers go only to unconstrained agents.
A competitive aggregate of differentiated labor is the only input into inter-
mediate goods production. Differentiated labor of type j € [0, 1] is provided
by trade unions, which differentiate households’” homogeneous labor. Under
the maintained assumption of ¢ < %, wages are set by the union to maximize
the intertemporal utility of unconstrained households. All agents provide the
same amount of labor and receive an equal share of labor income inclusive of
the markup.
Agents’ flow utility is given by:

. NG

U(C(j), N(j)) =log C(j) = 57—~ (D.92)
+v

In what follows, we drop the j index, unless needed, as we assume that agents

insure completely against idiosyncratic labor income risk, and allocations are

therefore independent of j.

A fraction ¢ € [0,1) of agents are rule-of-thumb, and they consume their
period labor income net of taxes 7;* and transfers S, subject to a consumption
tax of 7
(1 =71 )NW, + s, P,

(L+7)P, .
Note that it is important that rule-of-thumb agents do not earn the same
income as unconstrained agents. If they did earn real income equal to to-
tal production, in equilibrium, consumption of unconstrained and constrained
agents would coincide.

The remaining 1 — ¢ agents maximize expected lifetime utility, discounted
at rate 3:

RoT __
;" =

(D.93)

E tU(C,. N, D.94
{Icftl%} 0;5 (t> t), ( )

given initial nominal bond holdings B_;. The maximization is subject to the
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budget constraint:

P,Cy
1+ 77

‘l— Bt = Rt—lBt—l + (]_ — Ttn)NtWt ‘l— Ht + StPta (D95)

where P, is the price level and 4; is the nominal interest rate. II; denotes
lump-sum transfers (e.g., from profit income). C; and P, are aggregates over
individual varieties j € [0, 1].

A competitive final goods producer aggregates varieties according to a stan-
dard Dixit-Stiglitz aggregator with elasticity of substitution e,:

€

TN
v, = ( / yt<z'>1‘€pdz') -
0

Similarly, a competitive labor aggregator provides units of labor supply ac-
cording to a Dixit-Stiglitz aggregator with elasticity of substitution €,,:

€

1 L —ép’il
N, = </ yt(j)l_“’dj) :
0

Producers of variety ¢ have a constant returns to scale, labor-only produc-
tion function: Y;(7) = N,(i). They adjust prices subject to a Calvo friction.
Opportunities for price adjustment arrive at rate 1 — (.

Market clearing implies that:

Y; = ¢CfT + (1 — ¢)CF + G, (D.96)

The intertemporal equilibrium condition for unconstrained households im-
plies that:

e?“t Cu
1= gE, T (D.97)
T4l g, b

The intratemporal equilibrium condition for unconstrained households im-
plies:
MRS, = N;/CY. (D.98)

Real marginal cost is given by:

MC, = —L. (D.99)
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A Taylor rule subject to the ZLB governs the interest rate:
Rt = (]_ - 1ZLB7t)6%r7rt. (DlOO)

In general, there are both Calvo price-setting and wage-setting frictions,
as specified by (D.101) and (D.102):

Sticky prices: Y  (FE[SDF, i Yiar (i) (P () — ‘flf@%mnzﬂzza
k=0 b
(D.101a)
P =P+ (1= ()P, (D.101b)
' o) . 1 _ ,7_n W*(]) €w
Sticky wages: C'E [SDF7 Y k(j)( tjk g MRS, k)]
kz:% t ti+kIVet 157, Pror 1 t+
(D.102a)
W= = ¢W 1w + (1= Co)W e, (D.102b)
where the stochastic discount factor is given by SDF, ;4 = 8* Citk

For the remainder of the analytical section we consider, however, the limit
of either flexible prices ¢, — 0 or flexible wages ¢(,, — 0. In the limit of flexible
prices, (D.101) implies that P} (i) = —2= P,MC,Vi and P, = P;: real wages are

ep—1
constant and equal the inverse of the markup: MC; =

Wy _ o=l Qi
It Similarly,

for flexible wages (D.102) implies that the real net wage is a constant markup
over the marginal rate of substitution: %t = :—il%M RS;.
w T
The government financing requirement D; = P,d; evolves as follows:

Pidy = Pi(g: + s7) + By + TW, Ny, (D.103)

where s7 are exogenous transfers as part of the stimulus. Together with the
endogenous transfers s§, which may be adjusted to finance deficits, they sum
up to total transfers: s; = sf + s7. We assume zero initial debt, By = 0.

Taking government expenditure as exogenous, we consider policy rules of
the following form for 1, € [0, 1]:

B, = (1 —.)Pd; (@—ﬂmm+amf4%ﬁzmm it G, 40
Bt = O <(Tt — %)WtNt + PtCtTtC — PtSf) = Dt lf Gt = O
(D.104)
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D.9.2 Log-linearized equations

Log-linearize the model around a zero tax, zero government spending and

transfers, and zero inflation steady state. In steady state, rule-of-thumb agents’

consumption share equals their population share times the labor share in real

income (i.e., ¢. = %; steady state profits amount to % of real income).
Consumption of rule-of-thumb consumers from (D.93):

chRoT sy — dr?, (D.105)

€

:nt+wt—pt—d7't"+ P
e — 1

where d7}', d7/ is in percentage of the steady state wage rate, while s; is in

percentage of steady state output.
The intratemporal marginal rate of substitution follows from (D.98):

mrs; = ¢ + vn. (D.106)
The intertemporal Euler equation (D.97) implies:
0=Ec; — iy + 1 — M1 — (d7i ) +d7f)). (D.107)
Marginal costs (D.99) evolve as:
me; = wy — py. (D.108)

The resource constraint (D.96) implies:
=0T+ (1=0)e + g1, 9= —. (D.109)

Since price and wage dispersion do not matter to a first order, the produc-

tion function implies:
Ye = Ny (D.110)

A piecewise linear approximation to the Taylor rule (D.100):

re = (1= 1z0p,¢)7xT. (D.111)

Under sticky prices and flexible wages (note that mc is in deviation from
its steady state value — log E;fl):

(1 - B¢w) Z BC)Ei[mesr, + peyi] (D.112a)
=0
=Pt —Pt—1 = (1 C )(pt _pt—l) (D-112b)
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mey = wy — pp = mrsg + dr' + drf (D.112c¢)

Equations (D.112) imply:!®

(1 —¢)(1 = B¢)

c mep = PEma] + N\ (mrs, + d)* + dry).
P

(D.113)

7y = BEi[mipq] +

Under sticky wages and flexible prices:

(1= BCo) Y (BCo)Eelmrsen + prs + driy +drfyy]  (D.114a)
k=0

Wy = wat—l + ( - C’w)wt (D114b)
Wy = Py (D.114c¢)

16To see this, note that the equations in (D.112) imply:

i —pi—1 = (1 = BCw) Z BCp)E¢[meir + Pek — Pe—1]

k=0
= BGEpi 1 — pe] + (1 = BG)mer +
=1~ Cp)( —pio1) = BCp(1 — Cp)Et[thrl pe] + (1 — Cp)(1 = BCp) (mrsy + dr* + dry’)
+ (1 — Cp)wt

& Gpme = BB [ma] + (1= G)(1 = BG) (mrse + dr)* + dry)
(-G —-FG)

c ¢t = PEmiq1] + Ap(mrsy + drl* + dry).
P

= Ty = ﬁEt [7Tt+1] +
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Similar to (D.113), the equations in (D.114) can be shown to imply:'”

(1 = Gu)(1 = BCw)
Gu
= Ei[meia] + Ap(mrs, + dr + dry). (D.115)

= Ey[ma] + (mrs; +dry" + df)

Using that ¢ = ¢ in steady state, the government tax rule (D.104) becomes:

b= (1 —,)ds (dﬁl@ +dre — s§> —od,  if G0
Py
nwn C e 1
b =0 (th o - st> —d, it G, =0, (D.116)

where the financing requirement evolves as, given the assumption of zero steady
state tax rates:
di = ge + sf + b1, bo = 0. (D.103)

D.9.3 Simplified equilibrium conditions: sticky prices and flexible
wages

First, solve this model under the assumption of sticky prices and flexible wages.
Use the intratemporal equilibrium condition (D.112¢) for w; —p; —dr* —drf =
¢} + vny to substitute in the equation for RoT consumption (D.105) to get

€
il =+ (1 +v)ny +

s (D.117)

€p

17Use that MTSy+) = Ciqk + VNytk to rewrite recursively:

wy = BCuEt[wiq] + (1 = Blw)(wr — (wi — pr — mrsy) + drt)

S wp —wi—1 = BCw(Eewyy —wi] +wp —wi—1) + (1 = BGw)(wr — w1 — (wy — py — mrsy) +dry" + drf)
S wp — wi—1 = Bluw(Ei[wirr —wi] + (we —wi—1)(1 = Cw))

+ (1 = Gu)(1 = BCuw)(wi —wi—1 — (w — pr — mrsy) + dri" + df)

= BCuwEt[wir1 — we] + (1 — Gu)(wr — wi—1)

= (1= Gu)(1 = BCuw)((wr — pr — mrsy) — dri* + dy)

(1 = Gw)(1 = BCuw)
Cw

= Efwipr — we] + Ay (mrsy + dr* + d7f).

S wp —wi—1 = PEi w1 — wy] +

(mrsy + dr)

Because w; = py, it follows trivially that w; — wy_1 = m; for all ¢.
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Use equation (D.117) in the resource constraint (D.109) and the production
function y; = n;. Then re-arrange to get

o Yo — Gecf — G+ 1)y — gt — b5
L (1 - ¢C)
€
= (1= ¢(1+v))y — g — ¢C—tlst. (D.118)

€t —

Use this equation in the Euler equation to get the aggregate sticky price supply
schedule:

Gt o s LR Je1 + Cbcef—ﬁlstﬂ]
yt_ 1—¢C(1+]/) tyt+1 1—¢c(1+]/)
1 C C
_ m(ﬁ — Et[ﬂ-t-i-l ‘l— th-l—l — th]) (Dl].g)

Note that (D.119) is independent of the labor tax rate because workers are on
their labor supply curve.

Use the intratemporal condition and market clearing in the expression for
marginal cost:

mey = drlt + drf + (V + (1 —¢.(1+ I/))>yt — gt — e S¢. (D.120)

%
e — 1
Use the marginal cost equation (D.120) in the pricing equation to obtain the
Phillips curve:

= BEm] + A (th" +drf + (1/ + (1 —o(1+ 1/))>yt — g — gbce—plst) )

€p —

(D.121)

D.9.4 Simplified equilibrium conditions: sticky wages and flexible
prices

To solve the model under the assumption of flexible prices but sticky wages,
note that the first step in the derivation for sticky prices and flexible wages
does not apply. The marginal rate of substitution is not equalized to the real
wage. Instead, the real wage is constant by (D.114c). Using w; = py, substitute
the RoT consumption function (D.105) into the resource constraint (D.109)
after using again that y;, = n;. Solve for the consumption of unconstrained
agents:

€
(1= de)c) =y — ¢ — de(yy — dr}" — dry — - L 1st)
P
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€
= (1 - gbc)?/t — g+ ¢c(d7-tn + thc - K 1St)

€p —
—g + ¢c(dr] + drf — E:—flst)
1— o,

Substituting the MRS (D.106) and (D.122) in the sticky wage pricing equa-
tion (D.115) yields the sticky wage New Keynesian Phillips curve:

&=yt (D.122)

—gt — Pe—L=8; + P (dT]* + dTf)

ep—1

1— o,

T = BE[mi1 ]+ <(1 + )y + +dr + d7y)

(D.123)
Using (D.122) in the Euler equation (D.107) to get the sticky wage version of
the New Keynesian IS curve:

gt + Gty — Ge(dT] + dTy)
Y = vl =% — (re = By[myqr +driyy — d7{])
—0t+1 — ¢c56—53t+1 + @e(driy +d7y)
+ By + vt ]. (D.124)

- ¢c
D.9.5 Persistent ZLB, immediate taxation

We now consider the case of a persistent ZLB and immediate taxation (¢, = 1)
through labor taxes only, i.e., s; = d7f = 0.

The effect of the ZLB is modeled as a persistent nonrecurrent Markov pro-
cess, similar to Eggertsson (2011): The economy starts at the ZLB and remains
in it with éid probability p: Pr{lz.5:+1 = 1|1z = 1} = p. Government
expenditure follows the same Markov process with G, = ¢Y'1 7Lt As a con-
sequence of the tax rule (D.116), it then follows that taxes are also Markov:
(1, — 7")% =gY1lyp: and drf* = E:flg.

Lemma 1 in Section D.9.8 implies that under the Taylor Principle, and the
assumption that ¢.(1 + v) < 1 if prices are sticky, the economy jumps back
to its steady state, after the ZLB becomes slack. Lemma 2 in Section D.9.8
then implies that for p small enough, there is a unique Markov equilibrium.
Assuming that the determinacy condition on g in Lemma 2 is satisfied, the
equilibrium conditions can be solved forward to solve for this Markov equilib-
rium.

Consider the case of sticky prices and flexible wages first. Take expectations
in the sticky price Phillips curve (D.121) under the described Markov-structure
to solve for inflation at the ZLB:

(1= 5 = (g0 + 1= 00, (D.125)
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using that dr}' — g = e,,l—l g.

Using the flexible wage ZLB inflation (D.125) in the sticky price and flex-
ible wage Euler equation (D.119) and taking expectations under the Markov
structure yields an expression for output with flexible wages during the ZLB:

1 Ap Iz 1
o + ot T (=)
- .
L - iy mmas LtV = 6)

Yhip = (D.126)

Now consider sticky wages. Taking expectations in the sticky wage Phillips
curve (D.123) under the Markov structure yields the flexible price inflation rate
at the ZLB:

TzLB + VYzLe + TzLB) | -

(D.127)
Using the expression in the flexible price and sticky wage Euler equation
(D.124) yields flexible price output at the ZLB:

g Pe
m i s(1— Bu) = X, <yZLB By +01 Y

g(1 = p) — (1 — p)7218
vl =l s + -6 +umlh

1_€%¢c 1 (z)c €
I =m=5" — aptvre T Catw (1—¢>c + 1) )

= g
1= p— Al +v)
L p 11
=0 T A0 W =g (D.128)
1 — g5 Aw(l +v) '
(1=Bp)(1—p)

D.9.6 Omne-period ZLB, slow taxation

In this section, we focus on the case of sticky wages and flexible prices. We
consider the case of slow taxation when the ZLB binds for a single period. We
also assume that government expenditures last only for one period. Through-
out, we make use of the fact that when the ZLB is slack, Lemma 1 implies
that, under the Taylor Principle, there is a unique locally bounded equilibrium
from period two onward. Therefore, the expectations in the period-one Euler
equation and the Phillips curve are pinned down, and we can solve for the
unique equilibrium output and consumption in period one.

Since in period two the ZLB is slack, interest rates react to the inflation
caused by higher taxes. Inflation follows from the NK Phillips curve (D.123)



after using that 73 = 0:

c n c € n c
g = A <y2 + vy + %(Cﬁé + dr5 — E—pldSQ) +dry + de) . (D.129)
— b, b —
This implies that the monetary authority raises interest rates in the second
period in response, as prescribed by the Taylor rule (D.111).

Since a fraction ¢, of the period one deficit is repaid using taxes in period
one and the remainder is repaid in period two:

(%aw F g - ) = Yudy(= ) b= (1~ 6.)ds
(D.130a)
(g—;drg +dry — 82) =do(= (1 —1p;)dy = (1 —,)g) by =0. (D.130b)

Solve the model backward. The tax rate follows from (D.130). The inflation
rate is still given by (D.129). The only modification in the derivation of period
two output comes from the different tax rate and its aggregate demand and
inflation effect.:

d)C n c € c
Y2 =7 o (dry + dr§ — ep—i152) — Ypmy — dTs
ch n c € ch n c € n c
=7 _(bc(dTQ +drs — epi182) — Ve | Y2 + T —¢c(dT2 +drs — Epilsg)—f—l/yg +dry + dr5)
—drs

de de
R ) (1-% + 1)

€
o 1=¢r)g  labor tax onl D.131
TFon1 7o) e—1(1~¥r)g labor taxonly (D.131a)

— n
=my =dr;

s+ ed (125 +1) +1

= — 1 -, consumption tax onl D.131b
Ty 7) (1—17)g p y ( )
=dr§
=m$ 2
d)c d)C
—— + "YW)\ — €
1—d. 1—¢. P
= — 1—, transfers onl D.131c
1+7ﬂ)‘(1+y) ep_lw Y ( )

=—Ss2
=ms
=ms

Now use the period one Euler equation (D.124):

g+ Gegtas — ol ) gt (A7 drg)
n = 1— (bc Y2 c 1_ (bc

+ o 4+ d1y — d7y]
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g+ G751 — de(dr] 4 drf) —P 5y — ¢ (dTy + d75)

- = b — Yoy — dr§
- (bc 1— ¢c
—2-59 — (drg + d75)
— p 21— L m ot dry — dr
1— ¢,

g+ ¢e=t551 — ¢e(dr] + dry)

_ p=1 — L (= Dm—dr? (D.132)

Under the assumption of labor taxes only:

- cd I c
yr = 4= 0T _(%—m(( 0 d7§+dT;)—(1+u)mng;).

1_7(260 1_¢c
- T cL 1
:1#}—7@6_}—(%—m(l_q5 — (L4 v)m} ) —L—(1 = ¢y)g
(& c »
_1_wr¢ci %ﬁ;‘w c
T 1= _(%—1)>\1+7Aw(1+y>6pi1(1—wT)g. (D.133)

Now, assume consumption taxes only:

- cd y c
Yy = g — pedri _ (Ve — 1))\(( ¢ dry +d7‘20) — (14 V)mgdfg) —dr{

1—¢. 1— ¢,
_ 1;_({;”9 (= DA(5 _1¢c —(L+v)m5) (1 = ¥)g - g
_ 11‘_%? 9+ (e — DA %1{3(1 71— ¥ — v
= 11__;19 + O = DA %ff& ) (1—4)g. (D.134)

Period one consumption tends to be higher with consumption tax when com-
pared with labor taxes through the inflation channel, but it is lower through

an aggregate demand channel when taxes are adjusted rapidly (i.e., when 1) is
high).

g 1_¢c 1+sz>\w(1+y> 1_¢c .
Hence:
yr >yt
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(e — DA (v + E:—fl(l — ¢(1+v))

S < - - € (0,1).
(1= e 7) L+ 71+ 7)) + (v = DAu(v + 27 (1 = @1+ 1)) (0,1)
(D.135)
Define ¢ as the threshold in (D.135). For period two:
Ys — Y3 €p
—1—-0. — Y Aw 1—1). D.136
o (1= 0. ) -0 (D130
Now, assume transfers only:
S 9 + gbce:—ilsl ¢C Ep s
e (7= — 1))\<<1 e — 182> —(1+ V)m282>
1- Cbc'lvb 651 ¢ €
S TR R (VR D (" V(1 —
T e DM g - () (-
L= et 651 € [0) v
= »— DA—2—(1 — & 1—
=, T Or 1) e,,—1< ¢)1—¢61+%Aw(1+u)( V)9
(D.137)
Thus:
yi —yr 1 €p
— = (7 — DA 1—1.)>0. D.138
g o ) 1+7)\w(1+1/)ep—1( ¥r) ( )

The difference between transfer- and consumption-tax financed multipliers:

-y _1m0en (e Dhr 17055,
g 1_¢c 1"‘77r)‘w(1+y) 1_¢c .
Thus:
(Ve — DApv

yi—n>0 e ¢¥> € (0,1). (D.139)

(1432 dw (L +v) + (Yr = DA
Define * as the threshold in (D.139). For period two:

s __ ,c 1— ¢C€—p 1 A
Yo — Y2 ep—1 T Ve Aw
— 1—.). D.140
g 1_¢c 1+’Y7r)\w(1+y>( ¢) ( )
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Note that ¢ > ¢°. To see this, write:
- 1

gr = 1
B & +’y)\w(l+l/)
14+ (1= ¢e; >(%—1)Aw(u+ L (1=de(1+v))

ep—1
- 1

- e (140)
1 _I_ (’YZ_I))"UJV

p—1

_ _ v+ P (1—ge(1+v
Thus, ¢ > ¢ if e L)
Cepfl

> v or

11— ¢CE:51 €p 1— ¢C

— ‘p — — ‘p
1 cooT G 11 -

P> & v > v, (D.141)

which is satisfied given ¢ = ¢.—2- < 1.

ep—1
Last, compare long-run consumption tax multipliers to long-run transfer

multipliers by computing a weighted average of (D.139) and (D.140):

i+ Bys — (i + Bys) 1~ Pt

g 1=
(%r - 1))‘w7/ 1 +%T)\w
o e w =7 RE U CEew w =)
B - ¢ce:31 B+ )‘w(577r B (’yﬂ — 1)1/)
T 16 (w+<1—¢) L+ 7 du(l +v) )

(D.142)

D.9.7 Three-period labor tax sticky wage model

We also consider an alternative “three-period” version of the labor tax rule:

Wi N
Piy'll (' = 7") = ¢, dy by = (1 —1;) dy =g, (D.143a)
Wy N
By, (3 =) = trda bp=(1—1;)  dy=by, (D.143b)
W3 N.
Pij (3 —7") =ds(= (1 —¢:)%9)  by=0 dy = by. (D.143c)

The corresponding linear 3-period tax rule (D.143) becomes:

wn

ﬁ—ydTl - ,Qb'rdl(: ,Qb'rg) bl - (1 - ¢r) dl =49, (D144a)
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N iy = rdy(= 6o (1 —1,)g)  by=(1 %) dy=by, (D.144b)

—dr3 = ds(= (1 — .)%g) by =0 ds = by, (D.144c)

Using that the economy is in its steady state in period 4 (y4 = 74 = 0),
the model can again be solved backward, iterating on the New Keynesian IS
equation (D.124) and the NK Phillips curve (D.123). Solving for the output
levels yields:

YA (1+‘71f§>c) +alf;§c .

Y3 B 2
g o+ Ao +v) €— 1(1 ¥r) (D-1452)
g A0+B-D(1-25) L
0T e Semat )

(= 8y(1- L + 222y o) — (1+0))) + 25+ (2 (14 22 ) (0 +)

- (0 +yA(0 +v))?

X — (1 =), (D.145b)
v pv \N(L+L+No+ ) € Y
7R U2 Gl v iy e 1w { U0

¢CU 1 € ¢c €
-0- 1)/\(1 1 ¢c) o+ ANV +o)e— 1(1 ~ Ve = 1—¢ce— 1wT (D-145c)

From equation (D.145¢) it can be seen that the nonmonotonicity between
the extremes of ¢, € 0,1 stems from the term involving (1 — 1,), the term
proportional to the tax increase in period 2, whose influence is maximized at
the intermediate value of ¥, = %

bcv 1
~0r - 1))\<1 S 1- ¢c>a+7)\(y+a)’

If (1 4+ v) < 1 and given the Taylor Principle v > 1 this term is strictly
decreasing in both 7 and A (the slope of the Phillips curve, which tends to
increase in wage flexibility). Thus, an aggressive central bank or very flexible
wages induce a nonmonotonicity in the impact multiplier in the absence of RoT
agents. Fconomically, the accumulation of debt, and the corresponding tax
increase, causes the most inflationary pressure in period two for intermediate
values of 1,. This leads to an aggressive response by the central bank, which
actually causes consumption to fall in period two because of a negative substi-
tution effect as real interest rates increase. This causes private consumption
in the first period also to fall because agents desire to smooth consumption
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and increase their savings demand.

Figure 23 provides a comparison of the simple three period model with the
full empirical model. It shows that if the reaction of the monetary authority in
the intermediate period two is strong enough, the simple three-period model
can reproduce the qualitative feature of a nonmonotone reaction to the speed
of tax adjustment.

Full model Simple three-period model
0.6 : : : 1 == s
- --1% RoT consumers s, mimimimim = - Y=z
05 —25% RoT consumers | "N
' 0.8 ’
' Y=75
8 _ e
=3 o “~.
g 5 o,
> 8 0.4t \‘\
2 E N
o ‘o,
. ] 02 e
0 P — N
o —no RoT consumers
01 ‘ ‘ ‘ ‘ ——25% RoT consumers
o 02 04 0.6 08 1 % 0.2 04 06 058 1
Tax adjustment speed . tax adjustment speed @

Note: The full model results set the habit parameter to h = 0.5 and otherwise uses the
posterior mean for the simulation. The simple model uses 3 =1.01"Y v =1,( = %, € =3

and 7y, = 2 for the two-period model and v, = 25 for the three period model.

Figure 23: Multipliers as a function of tax adjustment speed and rule-of-thumb
consumers

D.9.8 Proofs

Lemma 1. If the Taylor Principle is satisfied (v > 1), outside of the ZLB
the locally bounded equilibrium is unique under both sticky prices and flexible
wages and under sticky wages and flexible prices.

Proof: Consider the case of sticky prices and flexible wages. Since the
ZLB is nonrecurrent, outside of the ZLB the equilibrium is characterized by
an operational Taylor rule (D.111) and by equations (D.124) and (D.123).
Writing in matriz form and substituting the Taylor rule, the system can be
written as

1 Y
T—¢e(1+v) | | Yt
(1 =01 +v)+v) 1 } Lﬁ]

S

=Ap
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1 —1 Y 0 —L — T,
_ [0 1—¢2§1+u)] E, { t+1] + { 1—¢c(1+'/)] { t] _ (D.146)

Ti41 A -1 Gt
—_—
=B,

Uniqueness of the locally bounded equilibrium requires both eigenvalues Ay o of
Cp, = AJ' B, to lie inside the unit circle. The characteristic equation for A can
be written as A* —tr(C,)A+det(C,) = 0. Following standard textbook analysis
of etgenvalues on the unit circle yields the sufficient and necessary conditions

in Bullard and Mitra (2002, Appendiz A) for local uniqueness:
|det(Cp)| < 1 | tr(Cp)| < det(C,p) + 1. (D.147)

Here, the determinant satisfies

Tl t ) A+ (A —dl L) - (0,1).

det(C,) =

The trace is strictly positive under the assumption of ¢.(14v) < 1 and satisfies:

(0, — LEAO =01+ 0) + v+ (1= 6ul1 +1))
P (1= (1 +v))+ v v+ (1 — (1 +1v))
(1—=0:(14v)) +7Nv+ (1= (1 +1)))+ B(1 —d.(14v))
(1= ¢c(1+v)) + 7 Ap(v + (1 = ¢e(1+ 1))
Bl — ¢e(1+v))
(1= ¢e(1+v)) + 72 Ap(v + (1 = ¢c(1 + 1))
=1+ det(C,),

=1+

where the inequality follows from the Taylor Principle.
Now consider the case of flexible prices and sticky wages. In this case, the

matrices are given by:

Aw

[—Aw<11+v> ﬂ’ P = [3 /13]

Proceeding analogously by defining C,, = A_' B, yields the following conditions
for uniqueness:

o4
det(C,) = 0,1
et(Cu) 1+%Aw(1+y)€( )
3 1+ A (1+v)
tr(C,) =
1(Cu) 1+ 9 (1 +7v) * 1+ v (1 +v)
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_ I64 L+ A(14v)
1+ 9\, (1+v) g YrAw (1 + 1)

= det(C,) + 1,

where the inequality holds again because of the Taylor principle.

Lemma 2. Suppose the Taylor Principle is satisfied, the ZLB is nonrecurrent,
and tazation is immediate (¥, = 1). Assume ¢.(1+v) < 1 if wages are flexible
and prices are sticky. If and only if the numerator of the Euler equations at
the ZLB, (D.126) and (D.128), are positive, there is a unique locally bounded
Markov equilibrium in 1715, at the ZLB.

Proof: Since the ZLB is nonrecurrent, by Lemma 1, if 115+ = 0, there is
a unique bounded equilibrium. Moreover, since all exogenous variables are zero
outside of the steady state with immediate tazation, y, = mp = 0 is the unique
bounded solution conditional on exit from the ZLB. Conditional on 171, =1,
the dynamics can therefore by described by:

Ajm:o |fJZLB,ti| _ BjEt |f%+1} i Dj [Tt} . j=p,w.

TZLB,t T4+1 gt
YZLB,t+1 Tt .
= B; ' + D; ) =p,w,
it |:7TZLB,t+1:| / [Qt] =P

where the second equality uses the Markov structure of the equilibrium. j = p,w
indexes the matrices defined in the proof of Lemma 1.

Define C; z1p = A;‘}YWZOBJ,U,. Proceeding as in the proof of Lemma 1,
uniqueness of the locally bounded Markov equilibrium is equivalent to | det(C; z1p)| <
1 and ‘tl"(Cj7ZLB)| <1+ det(C’LZLB).

Consider the case of flexible wages and sticky prices. Then det(C), z15) =
Bp? € (0,1). [tr(Cizrp)| <14 det(C; z15) is equivalent to

Mppt(V+1 = ¢(14v))

p(l+B) + o) <1482
p(L+B) + App(v + 1 = ¢e(1 + 1)) , B
1—6.(1+v)) <1+ 8% = p(l+ ) = (1= Bu)(1—p)

Simplifying the left-hand side and dividing through by the right-hand side yields

H Ap B
(1= Bp)(1—p) 1 — (1 +v) v+ 1A -dc) <1,

which is equivalent to the denominator in (D.126) being positive.
Now consider the case of flexible prices and sticky wages. Again, det(Cy z1p) =
Bu? € (0,1). The trace condition tr(C; zr5)| < 1+ det(Cj zLp) is equivalent
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to:

p(l+B) + pro(1+v) < 1+ 428
& (1 +v) <1+ 28— p(1+B) = (1= Bp)(1 — p)

Dividing through by (1 — Bu)(1 — u) yields:

L
(1= Bu)(1—p)

which is equivalent to the denominator of (D.128) being positive.

Ao(l+7v) <1,

Proposition 1. Consider the model in Section 5.1. Assume immediate taxa-

tion (v, = 1), that the Taylor Principle holds and that the ZLB is a nonrecur-

rent Markov state which persists with probability p: Pr{1z1p: = 1|1z1p1-1 =

1} = pu,Pr{lzps = 1|1zL54-1 = 0} = 0. In the case of sticky prices and
€p

-1

flexible wages, also assume that 0 < ¢ < . Consider the case of financing
through distortionary labor tazes: 5, = drf = 0.

(a) For sufficiently small persistence of the ZLB, p, the impact multiplier
YzLE g strictly smaller than one under flexible prices and sticky wages and
strictly larger than one under flexible wages and sticky prices.

(b) The multiplier increases monotonically in the expected duration of the
ZLB with either sticky wages or sticky prices in the region of determinacy.

Proof: The Taylor Principle guarantees local uniqueness of the equilibrium
around the steady state. For pu small enough, the local uniqueness extends to the
system at the ZLB and the derivation of (D.148) is valid. This allows to impose
that the model returns to the steady state with probability 1 — p in which case
the unique Markov equilibrium at the ZLB is given by the following solution to
the pairs of Euler equations and Phillips curves (D.128) and (D.126):

Tt * et s (1)
yhv = 1 G +:Z %(:u)( lu)( u)l ‘ (> 0,Co=0, (D.126)
o 1_¢c(1+l/) (1—5#)(1—#)( _I_ V)( - gbC)
i 1 b e
vl s = U-m e — Ty T g (1—¢>c - 1) Eg
ZLB 1— — 1—uﬁu>\w(1 + I/)
L s @ 11
=L A
-— 1¢ (lum(l B;) 1 g (=0,Gu>0. (D.128)
~ w1 +7)
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(a) Flexible wage case: The limit ;™\, 0 in (D.126) yields

1
)9>97

limyl¥,= —
AN N R

given that ¢, = gb% <(1+v)™L
(a) Flexible price case: From equation (D.128) it follows that

llm fp = 7_ : c < R
u\oyZLB 1— o, g<g

given ¢, = gb% € [0,1). The result follows by continuity for p small enough.

(b) Flexzible price case: Note that A(p) = m is strictly increasing
in p€[0,1). Hence %y—; = A'(n) dACEM)y—gl. The latter expression is given by:
_d un
dA(p) g

M (L= A+ ) + A1+ v) (1 - c2p0e + AAu ) .
B (1= A() Ao (1 4 1)) (1 — ¢.)

in the region of determinacy satisfying 1 > %)\w(l—i—u) from Lemma 2.

1—p)(1—pBp)
(b) Flexible wage case: Define A(u) as above.
d_n
dA(p) g
= (1= = A AW (1 +0)(1 = 60)) + st (1 + 1) (1 = 60 (1 + Ap A1) ) .
= D 2 3

(1 - = W AW A+ 1)1 = 60)) (1= ge(1+1)

in the region of determinacy satisfying 1 > m)\p/l(u)(l +v)(1 — ¢,)
from Lemma 2.

Figure 8 shows illustrates the Proposition for a numerical example with
the parameter values described in Section 5. The case with sticky wages (solid
blue line) qualitatively matches the quantitative model. We find that the
multiplier is smaller than one for short durations of the ZLB, but it it increases
monotonically in the expected duration of the ZLB. It exceeds unity here with
an expected duration of little more than 1.5 quarters already, but given that
an expected duration of four quarters takes the model into the indeterminacy
region, the scale is not readily comparable. In contrast, the simple sticky price
model (dashed green line) implies that the multiplier is uniformly above unity.
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Figure 24: Short-run fiscal multipliers in simple model

Proposition 2. Consider the model in Section 5.1 with sticky wages and flex-
ible prices. Assume the Taylor Principle is satisfied: v, > 1.

(a) The impact multiplier is strictly lower when financed with labor tazes

rather than lump-sum taxes if ¢, < 1 and equal otherwise. The long-run
multiplier is lower with both labor taxes and consumption taxes than it is with
lump-sum taxes if 1, < 1 and wages are sufficiently sticky (¢, /1).
If taxes are adjusted sufficiently slowly, 1, < Y™ < 1, the impact multiplier is
higher with consumption tazes than it is with labor taxes. The impact multiplier
is higher with consumption taxes than it is with transfer financing if ¥, < ¥*,
where ¥° < Y".

The following results assume financing through labor tazes: s, = drf = 0.

(b) If wages are sufficiently sticky (C, /1) and ¢ > 0, increasing the tax
adjustment speed 1, lowers the impact multiplier. Without RoT agents, ¢ = 0,
increasing the tax adjustment speed v, increases the impact multiplier.

(¢) Lowering the labor share % lowers the multiplier if the impact mul-
tiplier is positive. A sufficient condition is that wages are sufficiently sticky
(Cw 7 1). If the impact multiplier is nondecreasing in the labor share, the
long-run multiplier is strictly lower for lower labor shares for all ¢, < 1.

Proof: Under the Taylor Principle, there is a locally unique bounded equi-
librium outside of the ZLB due to Lemma 1. The above backward induction is
therefore valid.

(a) Under the Taylor Principle, the inequality (D.138) implies that the im-
pact multiplier is higher with transfer financing than with labor taxes.

The results for the consumption tax as compared with the labor tax and trans-
fer financing follow from (D.135), and (D.139), whereas the comparison of
thresholds follows from (D.141).
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s VB2 the pesult for labor

Since the long-run multiplier here is defined a
taxzes compared with transfers follows immediately from comparing (D.131c)
and (D.131a), which imply that period two output is higher with transfer fi-
nancing. Since by (D.138) period one output is also higher, the result for the
long-run multiplier is immediate.

Comparing the long-run transfer financed multiplier to the consumption tax

multiplier implies from (D.142) that their difference is proportional to:

B+ Au(Brpi — (va — Dv)

v+ (1-v) 1+ Yol + 1)

)

which is strictly positive for all v > 0 if B+ (Bypi— (7= —1)v) > 0. Sufficient
for this is that ¢, /' 1 so that A\, \( 0. By continuity, the result holds for a
neighborhood of sticky wages.

(b) For Ay 0 and ¢. > 0, (D.133) yields & = w and hence
d O
LA r—L .

I LA
w0 de, g 1— g,

: w1 - y : :
From (D.133) limg o4 = 1 — (7= 1))\1+%/\w (i) ep—1( — ;) is strictly

increasing in Y, gien vy, > 1.

(c) To see the effect of changing the labor share on the impact multiplier,
it is useful to make the dependence of the consumption share of RoT agents
Oe = qb% on the labor share explicit in (D.133). Rewrite:

yl_ 1 (e:—il_¢(1+ ))
g—m(l_quqb_(vﬂ_l)A 1_'_,}/)\ (1 ) (1_¢7)>

€p

Define y—l = x P. Clearly, in the limit of perfectly sticky wages, P =

1— d)ep 1
1-— QS@DT > 0. Hence by continuity, for sufficiently sticky wages the multiplier
18 strictly positive.

Now differentiate the impact multiplier with respect to the labor share:

2
2 €p
d Y1 1 1 <ep—l>
= = — | XP+———x(v—1)A
de— g ’ (1 — ¢—6”;1> 1— g2t Orm A YAw(l +v)

€p €p

using that the Taylor Principle holds. Thus, the impact multiplier is increasing
in the labor share.
If the impact multiplier is nondecreasing in the labor share, it is sufficient to
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show that the period 2 multiplier is increasing in the labor share for the long-
run multiplier to increase in the labor share. To see the effect of the labor
share on the period 2 multiplier 2, rewrite (D.131a) as:

Y2 1 1+77r)\w

- = - -1 1 1 )\ ( _w)

g L(l—QSL) + Y Aw(1 4+ 1) y
=0

a_ 1 . -2,
Vo G (0%) (%) (o)

labor share given ¢. < ¢ < %

Since s > 0, y—; is increasing in the

Proposition 3. Consider the model in Section 5.1. Assume the Taylor Prin-
ciple is satisfied: v, > 1. Consider the case of financing through distortionary
labor tazxes: 57 = drf = 0.

(a) If taxzes are adjusted sufficiently slowly (Y, <
plier increases strictly in the share of RoT agents ¢.

(b) The multiplier on transfers is strictly increasing in the fraction of trans-
fers RoT agents receive and weakly smaller than the government spending mul-
tiplier.

Proof: Under the Taylor Principle, the steady state is the locally unique
bounded equilibrium outside of the ZLB. Thus, the above backward induction
15 valid.

(a) Since ¢p. = —L=¢, we can equivalently consider an increase in ¢ or ¢..

ep—1
An increase in ¢, a%”ects the multiplier as follows:

ep—1

- ), the impact multi-

d y{_ d 1—wre:—51¢c_ (%r—l))\w €p (1_ ) d 1—¢c(1_|_y)
doe g do. 11— o, T+ 9 \(l4+v)e —1 wTdec 1— ¢,
I s SN O Tk L v
I A s W e R s v

Because the second term is strictly positive under the Taylor Principle, a suffi-
cient condition for the entire expression to be positive is for 1, to be sufficiently
small: 1 > @bTE:—fl.

(b) From the tazx rule (D.130), the path of labor taxes is the same for
equal spending on stimulus transfer s; and government spending g¢. Thus from
the Phillips curve (D.123), period two inflation is the same with transfers or
government spending. Given that period two output is unchanged, but only a
fraction ¢ = ¢, 5:51 of transfers is spent during period one, it follows from the

Euler equation (D.124), that period one output and hence the impact multiplier
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18 strictly lower with transfers. Since period two output is unchanged, the long-
run multiplier is also strictly lower.

Proposition 4. Consider the model in Section 5.1. Assume the Taylor Prin-
ciple is satisfied: v, > 1. Consider the case of financing through distortionary
labor tazes: 5, = drf = 0

If ¥-
impact multiplier.

Proof: Under the Taylor Principle, the steady state is the locally unique
bounded equilibrium outside of the ZLB. Thus, the above backward induction
15 valid.

From (D.133) and under the Taylor Principle —wy—l oc —1¢ely) ¢C(1+V (1—1,)
since —(% - 1)Ep - (1 ¢T)m > 0. Using ¢, = (7562,1; it follows that

d,\ g <Olf¢<e—11+u

e 1+w increasing wage flexibility (¢, \ 0) lowers the
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