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1 Introduction

What is the impact of a government spending or a transfer stimulus on output? The idea
behind this classic policy measure is quite simple. A government spending stimulus increases
aggregate demand which in turn leads to higher labor demand and thus more employment and
higher wages. This higher labor income then stimulates consumption, in particular of poor
households, which again leads to more employment, higher labor income, more consumption
and so on and so forth. The equilibrium impact of an initial government spending of 1$ on
output - the fiscal multiplier - is the sum of the initial increase in government spending and
the induced private consumption response.

This simple idea is based on two essential elements/assumptions which ensure that the
stimulus has a direct impact on output and employment and in addition has indirect multi-
plier effects on private consumption. The first element is that output is demand determined
such that the increase in government spending stimulates aggregate demand. The underlying
important assumption is that prices are rigid to avoid that firms adjust prices and not quan-
tities as a response to more government demand. Firms then increase production to satisfy
demand and this requires higher employment and higher wages, leading to higher household
income. It is because of price rigidities that there is a role for demand and that one can
talk about stimulating aggregate demand in a meaningful way. We name this demand and
associated output stimulus through an increase in government spending the direct effect. The
direct effect differs from the full equilibrium effect in that it keeps prices and taxes unchanged
and most importantly does not take into account indirect multiplier effects which arise from
higher private consumption leading to more labor demand, higher labor income and again
more consumption and so on.

The second element/assumption ensures that these indirect multiplier effects on private
consumption are significant. For this indirect channel to be quantitatively meaningful a sig-
nificant deviation from the permanent income hypothesis is necessary. If this is the case, then
a large fraction of higher income - the marginal propensity to consume (MPC) - is spent on
consumption and not saved, whereas permanent income hypothesis households have a small
MPC close to the real interest rate and thus save almost all of the additional income. The

higher is the MPC and thus the additional consumption, the higher is the additional increase



of labor demand and of households labor income triggering another multiplier round of higher
consumption etc.

A quantitatively meaningful assessment of a stimulus policy not only has to be based on
these two elements - price rigidities and high MPC - but in addition these elements have
to match observed households’ and firms’ behavior. This requires that a model first features
the right amount of nominal rigidities such that the aggregate demand channel is as in the
data. And, second, it requires to incorporate observed marginal propensities to consume which
imply a substantial deviation from the permanent income hypothesis.

In this paper we calculate the size of the fiscal multiplier in a dynamic equilibrium model
with these two elements. We extend the standard Bewley-Imrohoroglu-Huggett-Aiyagari
model to include New-Keynesian style nominal price rigidities. Introducing incomplete markets
allows the model to match the rich joint distribution of income, earnings and wealth. Further,
such heterogeneity is crucial in generating a realistic distribution of MPCs. The price rigidities
ensure that the model has a meaningful demand channel operating. Furthermore, “the fiscal
multiplier” is not a single number—as its size depends very much on how it is financed (debt,
distortionary taxation, reduction of transfers), how persistent fiscal policy is, what households
and firms expect about future policy changes, and whether spending is increased or transfers
are directed to low-income households. Important details which we incorporate in our model
but are difficult to control for in empirical studies. Maybe because of these difficulties and
despite the importance of this research question no consensus on the size of the multiplier has
been reached and findings come with a lot of uncertainty (see Ramey (2011) for a survey).!

We are the not the first who in response to the difficulties faced in empirical work, use a
more theoretical approach to address this classic question. But we are the first to allow both
for a demand channel and a realistic consumption response to changes in income within the

same model.?

'Most of the empirical studies use aggregate data to measure the strength of the fiscal multiplier, which
range from around 0.6 to 1.8, although "reasonable people can argue, however, that the data do not reject
0.5 or 2.0” (see Ramey (2011)). Another more recent strand of the literature looks at cross-state evidence
and typically finds larger multipliers. However, as Ramey (2011) and Farhi and Werning (2013) have pointed
out correctly, the size of the local multipliers found in those studies may be not very informative about
the magnitude of aggregate multipliers. For example the local multiplier could be 1.5 whereas the aggregate
multiplier is 0.

2There is a growing literature which incorporates nominal rigidities into incomplete markets models, for
example Oh and Reis (2012), Guerrieri and Lorenzoni (2015), Gornemann et al. (2012), Kaplan et al. (2016),
Auclert (2016) and Liitticke (2015), McKay and Reis (2016), McKay et al. (2015), Bayer et al. (2015) , Ravn



One strand of the literature assumes flexible prices and thus eliminates the demand chan-
nel. An early example is Baxter and King (1993) in a representative agent model, and later
contributions with heterogeneous agents and incomplete markets include Heathcote (2005)
and Brinca et al. (2016). This framework is limited in its ability to provide a full assessment
as only the supply but not the demand channel is operative, that is the first essential ele-
ment is not present. Another strand of the literature overcomes this limitation as it uses New
Keynesian models with sticky prices and sticky wages to compute the fiscal multiplier. Price
rigidities provide a role for the demand channel but now the the second essential element is
missing. A main limitation of the New Keynesian models used so far for policy analysis is that
the households in the model economies are representative agents. The households behave ex-
actly like permanent-income households—as a result there is no heterogeneity in the marginal
propensity to consume (MPC). Further, the MPC in response to temporary shock is small,
which stands in the face of the findings of a large empirical literature that has documented
substantial MPC heterogeneity and large consumption responses to transitory income and
transfer payments. More generally the consumption model embedded in the New Keynesian
model focuses on intertemporal substitution of consumption only whereas the data assign only
a small role to such considerations (Kaplan and Violante (2014), Kaplan et al. (2016)).

While allowing for heterogeneity will overcome one shortcoming over the existing New
Keynesian literature, a second problem was pointed out by Cochrane (2015). He studies fiscal
policy in new-Keynesian models during a liquidity trap and shows that the policy predictions
depend strongly on the choices made by the researcher to select a specific equilibrium. De-
pending on these choices, the fiscal multiplier can be arbitrarily large or even negative. The
root of this problem is clear. The price level is indeterminate and therefore the researcher
has to select one equilibrium where at the same time a continuum of other choices with very
different policy predictions are possible. This renders this class of models not very useful for
a policy analysis.

To overcome this second challenge, we leverage the insight of Hagedorn (2016) who shows
that incomplete markets combined with fiscal policy specified partially in nominal terms de-

livers a globally determined price level—so that the researcher does not have to pick a specific

and Sterk (2013) and Den Haan et al. (2015), but we are not aware of any contribution in this literature which
considers fiscal multipliers.



equilibrium. Instead the price level is uniquely and jointly determined by fiscal and mone-
tary policy. This determinacy result enables the researcher to study arbitrary policies and
how they affect the economy, including a constant nominal interest rate that would lead to
indeterminacy in the standard approach.

Thus, our paper is the first to quantify the size of the fiscal multiplier in the presence
of significant household heterogeneity and in a model with a uniquely determined price level
which predicts a unique equilibrium in response to a stimulus. Further, using an incomplete
markets model also allows us to conduct a meaningful analysis of transfer multipliers, which
is an important objective as many stimulus policies take the form of transfers and not an
increase in spending. We also use the theoretical model to compute the welfare consequences
of temporary increases in government spending and in transfer payments. This exercise is
more interesting than in a complete markets environment since the welfare gains of high MPC
households may outweigh the losses of low MPC (rich) households.

Our preliminary findings indicate that it is important to distinguish between the impact
multiplier and the cumulated multiplier which is the discounted average multiplier over time.
In the benchmark the multiplier is on impact quite high, equal to 2.28 if spending is tax
financed and 2.8 if it is deficit financed. The multiplier however dies out quite quickly and
consumption at some point falls even below its steady state level such that the cumulative
multiplier is quite low, equal to 0.19 if spending is tax financed and 0.3 if it is deficit financed.
These findings suggest that fiscal spending is quite effective in providing a short stimulus
which might be beneficial if the economy is hit by a bad shock now so that the current gains
outweigh the future losses.

The benchmark also shows that using deficit spending is the more effective stimulative
policy. This is not quite surprising since increasing spending and taxes at the same time
first stimulates demand but then offsets it to a large degree through raising taxes which
also affects high MPC households. In contrast with deficit financing, the newly issued debt
is largely bought by low MPC households whereas high MPC households largely consume
additional income. Deficit financing thus implicitly redistributes from asset-rich households
with low MPC who finance their consumption more from asset income to low-asset households
with high MPC who rely more on labor income so that the aggregate MPC increases.

We also consider the effect of a pre-announced anticipated spending increase and find
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this “forward-spending” to be less effective than an unexpected stimulus. The main reason
being that firms raise prices immediately in anticipation of future higher demand which leads
to output losses before the actual policy is implemented. The benchmark analysis assumes
a nominal interest fixed at zero. However, we corroborate our benchmark findings when we
deviate from this assumption and assume that monetary policy is described by some interest
rate feedback rule instead. This is because prices do not move much. Firms anticipate correctly
that the long-run price level returns eventually to its pre-stimulus level which dampens the
incentives to increase prices substantially. This together with strong price rigidities makes
prices move only little such that the interest rate rule implies little movement in interest rates
as well.

The question on the size of the fiscal multiplier received renewed interest in the aftermath
of the Great Recession. We also consider the multiplier in this scenario where we not only
peg the nominal interest rate to zero but in addition also engineer a liquidity trap where
the natural real interest rate falls below zero. The results from the benchmark analysis are
amplified. The impact multiplier is now above 3 and stays at this level for a few periods.
However, later it falls to negative values such that the cumulative multiplier is only about
0.5. This suggest, consistent with our findings for the benchmark, that a fiscal stimulus is
quite effective in the short-run in particular when the economy is hit by a bad shock but that
eventually negative effects kick in (at which point the economy might have already recovered
though). We also find that the multiplier in a liquidity trap gets smaller if prices become more
flexible in contrast to the opposite findings in the New Keynesian literature. Our results also
indicate some limits to scaling up the stimulus since the multiplier is decreasing in the size of
the spending stimulus.

To obtain a better understanding of the aggregate consumption response we decompose
it into four components: the direct impact of spending on employment and consumption, the
effects of changes in tax and transfers, the indirect multiplier effect of higher labor income
and the effect of changing prices and interest rates. The initial consumption response is 0.19%
of output with tax financing and 0.26% with deficit financing.

The direct impact of spending accounts for 49% and 36% of the total response respectively.
The increase in spending translates one-to-one into higher demand and higher employment

since prices respond only very little initially, leading to a aggregate consumption response of



0.093% of output independent of the type of financing. When the negative effects of higher
taxes are taken into account the consumption response drops to 0.066% and 0.091% respec-
tively, accounting for about 35% of the total response in both cases. The consumption response
is larger with deficit than with tax financing since only in the latter case higher taxes partly
offset the initial demand stimulus. As a result of this, the indirect multiplier effects are also
larger with deficit financing, 0.17% relative to 0.13%, both accounting for about 65% of the
total response. The effect of changes in prices and interest rates is negligible. Together our
analysis reveals that the fiscal multiplier is larger with deficit financing, that about a third of
the consumption response is due to the direct impact of spending and tax changes and two
thirds are due to indirect multiplier effects.

The paper is organized as follows. Section 2 presents our incomplete markets model with
price rigidities. In Section 3 we study the size of the government-spending multiplier both for
an interest rate peg and when monetary policy is described by a Taylor rule. Section 4 extends
the basic model and we add capital accumulation and allow for habit persistence and sticky

wages.

2 Model

The model is a standard New Keynesian model with one important modification: Markets
are incomplete as in Aiyagari (1994, 1995) whereas they are complete in a standard New
Keynesian model. We add the standard features of new Keynesian models to an incomplete
markets model. Price setting faces some constraints as price adjustments are costly as in
Rotemberg (1982) leading to price rigidities. As is standard in the New Keynesian literature,
final output is produced in several intermediate steps. Final good producers combine the
intermediate goods to produce a competitive goods market. Intermediate goods producers
are monopolistically competitive. They set a price they charge to the final good producer to
maximize profits taking into account the price adjustment costs they face. The intermediate
goods producer buy the input, labor, in competitive markets. Later when we allow for sticky

wages as well, we assume that differentiated labor is monopolistically supplied as well.



2.1 Households

The economy consists of a continuum of agents normalized to measure 1 with identical GHH
preferences for leisure nested within constant relative risk aversion (CRRA) preferences for

non-durable consumption:

U=EyY Bulc,h)
t=0
where:
D R T
u(c,h) = e

log(c —g(hy)) if o=1

and 5 € (0,1) is the discount factor. Agents’ labor productivity {s;}:°, is stochastic and is

characterized by an N-state Markov chain that can take on values s; € S = {1, - , sy} with

transition probability characterized by p(s'|s) and [ s = 1. Agents rent their labor services,

hs, to firms for a real wage w; and their nominal assets a to the bond market for a nominal
144

rent ¢ and a real return (1 +r) = {3, where 1 + 7 = £ is the inflation rate.

Thus, at time t an agent faces the following budget constraint:
Piey + appr = (1 +ip)ay + (1 — 7)) Bwghys, + Ty

where 7, is a proportional labor tax and 7T} is a nominal lump sum transfer. Agents are price
takers. Thus, we can rewrite the agent’s problem recursively as follows:

V(a,s;Q) = max/zou(c, D+ 5 Zp(s’\s)V(a’, s's Q) (1)

c>0,h>0,a
seS
subj. to Pc+ad = (1+i)a+ P(1—7)whs+T
o = T(Q)

where Q(a, s) € M is the distribution on the space X = Ax S, agents asset holdings a € A and
labor endowment s € S, across the population, which will together with the policy variables
determine the equilibrium prices. H is an equilibrium object that specifies the evolution of

the wealth distribution.



2.2 Production

Final Good Producer A competitive representative final goods producer aggregates a

continuum of intermediate goods indexed by j € [0, 1] and with prices p;:

1 e—1 . i
Y: = (/ Yit d]) .
0

where € is the elasticity of substitution across goods. Given a level of aggregate demand Y,

cost minimization for the final goods producer implies that the demand for the intermediate
good j is given by
pit) "
yjit =y(pje; P, Yy) = (%) Y3, (2)

t

where P is the (equilibrium) price of the final good and can be expressed as

1
1 T—c
0

Intermediate good producer FEach intermediate good j is produced by a monopolistically

competitive producer using labor input n;. Production technology is linear.
_ 11—«
Yjt = Ztnjt

where 7, is aggregate productivity. Intermediate producers hire labor at the nominal wage
Paw; in a competitive labor market. With this technology, the marginal cost of a unit of

intermediate good is
Wy
e = Zy(1 — oc)n;?‘t'
Each firm chooses its price to maximize profits subject to price adjustment costs as in
Rotemberg (1982). These adjustment costs are measured in units of aggregate output and are
given by a quadratic function of the change in prices above and beyond steady state inflation

11,

0 ( pp =\
© (pjbpjtfl;yé) = 5 (& - H) Y,

Pjt—1

Given last period’s individual price p;—; and the aggregate state (P, Y}, wy, 1), the firm



chooses this period’s price p;; to maximize the present discounted value of future profits. The

firm satisfies all demand,

y(pje; P Ye) = Zin(y(pse; B, Y1) (3)
by hiring the necessary amount of labor,

pit; P Ya) | 1 pit\ Vi,
Nt = n(y(pjt;Pt,K)):(y(ﬁTttt))l“:<(ﬁ> ?i)l’“ (4)

The firm’s pricing problem is

2

Vi (pjtfl) = max @y (pjt; P, Yt)—wt(

pit Py Zy

i PLYy) o a6 j
M)H_ (pﬂ Vi1 (pjt)

2 1
— ﬁ) Y, —®+
Djt—1 1+r

where ® are fixed operating costs. In equilibrium all firms choose the same price, and thus,

aggregate consistency implies p;; = P, for all j and ¢. Thus, % = % = m; and % =
Jt— - J

Py

P Tg41-

Some algebra (delegate to the appendix) yields the New Keynesian Phillips Curve

CwnZFT (T g (M) 0 (s — D) g

=0
11—« Pt 1+7’t Y;

(1—¢)+

The equilibrium real profit of each intermediate goods firm is then

Y, 1 0 =\ 2
di =Y, = ® —w,() = — o (I, = T0)"Y,

t
2.3 Government

The government obtains revenue from taxing labor income, issuing bonds and taxing profits at
100%. Household labor income wsl is taxed progressively with a nominal lump-sum transfer
T; and a proportional tax 7:

T(wsh) = =T 4 T Pwsh.

The government issues nominal bonds denoted by BY, with negative values denoting govern-
ment asset holdings and fully taxes profits away, obtaining nominal revenue Pd.

The government uses the revenue to finance exogenous nominal government expenditures,



(G, interest payments on bonds and transfers to households.

The government budget constraint is therefore given by:

Bi?+1 = (1+1i)B! + Gy — Pudy — /Tt(wtstht)dﬂ. (5)

2.4 Equilibrium

Market clearing requires that the labor demanded by the firm is equal to the aggregate la-
bor and that the bonds issued by the government equals the amount of assets provided by

households:

By — / S e (a 52)d (ar, 5, (6)

a; St €S

H, = / Zstht(at,st)th(at,st) (7)

at st€S

where we have abused notation slightly here, a,,1(as, s;) is the asset choice of an agent with
asset level a; and period labor endowment s;, and similarly h;(ay, s;) is the associated labor
policy function.

Definition: A monetary competitive equilibrium is a sequence of prices P, tax rates
7;, nominal transfers T;, nominal government spending Gy, bonds B, a value functions v; :
X xM — R, policy functions a; : X x M — Ry and ¢, : X XM = Ry, hy: X XM — Ry,
H,: A — R,, pricing functions r, : A - R and w; : A — R, and law of motion I' : A — A,

such that:

1. v; satisfies the Bellman equation with corresponding policy functions ay, ¢, hy given

price sequences 7(), w;()

2. wy() and hy() satisfy:

w(Q)s(1—7) = ¢'(h(s,...))

10



3. For all Q € M:

Q41 (a'a S; Qt)th

shydS,

=

2

-5

I |
—— —

a 0 =
(a5 Q)dYy + 5 + @+ 2 (1, - T0)°Y;

4. Aggregate law of motion I' generated by o’ and p

3 The Fiscal Multiplier

In this Section we calculate the fiscal multiplier in our model with incomplete markets, con-
ducting the following experiment. Assume that the economy is in steady state with nominal
bonds B, government spending G, transfers Ty, and a tax rate 7., and where the price
level is Pg;. The real value of bonds is then Bjg/ Psg, the real value government expenditure is
Ggs/ Pss and so on. We then consider an M.I.T. (unexpected and never-again-occuring) shock
to government expenditures and compute the impulse response to this persistent innovation
in GG. Eventually the economy will reach the new steady state characterized by government

bonds B, government spending G7¢", transfers 7. and a tax rate 72 the price level is

ss ) Ss
PTLC’LU
Ss :

3.1 The Fiscal Multiplier in Incomplete Market Models

Before computing the fiscal multiplier, it is instructive to first recall how the size of the
multiplier is determined in New Keynesian models with complete markets. We then explain
the differences for the fiscal multiplier between complete markets and incomplete markets,
focusing on the two main differences. First, building on the results in Hagedorn (2016) we
argue that the price level is determinate in out model and explain the consequences for the
size of the fiscal multiplier. Second a fiscal stimulus has distributional consequences only if

markets are incomplete, which impact aggregate demand and therefore the output response.
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3.1.1 Fiscal Multiplier with Complete Markets

Farhi and Werning (2013) show that if the nominal interest rate is pegged, the size of the
multiplier m is determined by the response of the inflation rate only. They start from the

Consumption Euler equation for a utility function, % + ..

1_'_7/-88 —
C; 7 =p——C.. 8
C = B O ®

Iterating this equation and assuming that consumption is back to the steady state level at

time T', Cr = (s, we obtain for consumption at time ¢ = 1 when spending is increased,

T— 1

( 1 + zss )CEG7 (9)

1 T
Pl + T

so that the initial percentage increase in consumption and thus the fiscal multiplier equals

e <Tff£<ff;i>f (72 1

t=1 t=1

where we have used that J{7== 1“55 = 1. As a result the size of the fiscal multiplier is one-to-one

related to the accumulated response of inflation which is induced by the fiscal stimulus,

T—
H T+ m (11)
el P

However, as Cochrane (2015) has pointed out, the model does not predict a unique outcome
for the path of inflation in response to a fiscal stimulus but instead a continuum of equilibria
exists. What renders this problematic for a study of fiscal policy is that the size of the fiscal
multiplier can be very different across these equilibria, ranging from arbitrarily large to even
negative. In other words the researcher has to select a specific equilibrium and thus implicitly
chooses the size of the multiplier. The root of this problem is well known. The price level is

indeterminate that is a continuum of price levels satisfies the equilibrium restrictions.

3.1.2 Unique Equilibrium with Incomplete Markets

We now show that first he results in Hagedorn (2016) imply that these problems are overcome

in models with incomplete market models such as ours since the price level is determinate in
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Figure 1: Steady State Asset Market Clearing

these type of models. We then illustrate how a fiscal stimulus affects the price level in the new
steady state, Pl.e.

We consider steady state and use that asset market clearing implies an equilibrium. The
asset market clears iff aggregate asset supply (households’ savings) equals real aggregate asset
demand (real government bonds), as illustrated in the left panel of Figure 1 Households’
savings S(1 4 r,...) is an upward sloping function of the real interest rate 1 4 r and real asset

supply equals B,/ P;,. The equilibrium condition is

S(1+r,..)=

<l

(12)

This is one equation with two unknowns, the real interest rate 1 + r and the price level P,
such that the price level is not determinate yet. Indeed, as illustrated in the right panel of
Figure 1, different price levels Py, P, P3, each associated with a different real value of bonds
and a different real interest rate, are consistent with asset market clearing.

Using the arguments in Hagedorn (2016), we will now argue that this equation nevertheless
determines the price level since the real interest rate is determined by monetary and fiscal
policy. In both complete and incomplete market models a Fisher relation between the steady

state nominal interest i, real interest rate r,, and inflation 7, holds:

(T +iss) = (14 7rss) (1 + 7gs), (13)
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Figure 2: Price Level (In)determinacy with (In)complete Markets

with an important difference between complete and incomplete markets. If markets were
complete the real interest rate is determined by the discount factor only, (1 + r)5 = 1,
whereas in incomplete market models the real interest rate depends on virtually all model
primitives such as preferences, uncertainty, etc. and also on fiscal policies Ggs/Pss, Tss/ Pss

and B,/ Pss, so that the above equation in our incomplete markets models can be written as

1+iss
1+ 7

= (1+Tss(Gss/PssaTss/PssaBss/Pssa---))- (14)

This equation together with the steady state condition that the growth rate of nominal spend-
ing, nominal taxes and nominal debt is equal to the inflation rate (in the absence of economic

growth),
G¢-G T-T B-B

1+7Tss:

determine, given monetary and fiscal policy, the two unknown variables, the inflation rate
and the price level Py. Note that equation (15) implies that the inflation rate is set by fiscal

policy and is equal to the growth rate of nominal government spending. The price level then

1+i$S

adjust such that equation (14) holds, that is that the real interest rate 147, is equal to ; e,

The left panel of Figure 2 shows the equilibrium in the asset market and how the steady-state
price level P* is determined. The right panel of Figure 2 establishes why we need incomplete

markets. With complete markets a continuum of price levels such as Py, P5, P; are consistent
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Figure 3: Price Level and Unchanged Long-run Policy

with all equilibrium conditions, that is the price level is indeterminate.

The underlying reason for these findings is the failure of the permanent income hypothesis
and that agents, as a result of this failure, engage in precautionary savings. The intuition is
straightforward. A higher steady state price level lowers real government consumption since
fiscal policy is nominal and at the same time lowers the tax burden for the private sector by
the same amount. Households however do not spend all of the tax rebate on consumption
but instead use some of the tax rebate to increase their precautionary savings. This less than
one-for-one substitution of private sector demand for government consumption implies a drop
in aggregate demand, requiring an adjustment of the real interest rate to stimulate demand
such that it equals supply. As explained above, however, the steady state real interest rate
cannot adjust to equate supply and demand as it is pinned down by the nominal interest rate
set by monetary policy and the inflation rate which is equal to the growth rate of nominal
government spending. Therefore the price level has to adjust such that demand equals supply
when the real interest rate equals r,;.

This determinacy result implies that both the price level in the steady state before the
fiscal stimulus, Ps,, and the price level in the new steady state, P to which the economy
converges after the stimulus has died out are uniquely and jointly determined by fiscal and

monetary policies. In Figure 3 the long-run policies are unchanged
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Figure 4: Price Level and Permanent Higher Spending, AG > 0.

B;Lsew = Bssa Ggsew = Gssangew = Tss~ (16)

As a result the identical equations,

1+ g4
1+ 7

= (1+rss<Gss/Pss>Tss/P85’BSS/P857'")) <17)
= (L4 ra(GE™ /P TIPS BEY P, ) (18)

determine the price levels P, and P which are therefore identical, Py, = P As explained
above, the accumulated inflation rate is linked one-to-one to the size of the fiscal multiplier
in complete market models but is indeterminate. But we can still ask what the price path
response in our incomplete markets model would imply for the fiscal multiplier in a model
with complete markets. In the scenario shown in Figure 3 where the price level eventually
returns to its pre-stimulus steady state level, P = Py, the accumulated inflation rate
equals (assuming g = 0)
e prev Py

H(1+7Tt+1) = Pl = Pl < 1, (19)

t=1

as the price level jumps from P,, to P; in the initial period. Then the as-if complete markets
multiplier would be smaller than one.

If on the other hand nominal government expenditure is a higher by AG > 0 in the new
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steady state, then the new price level will be higher as well, P > P, as is illustrated in
Figure 4. The left panel shows the old steady state. In the right panel, government expenditure
and therefore taxes are permanently higher so that households save less. This downward shift
the savings curve requires an increase in the price level such that the real value of bonds falls
and is equal to the now lower real aggregate savings. As a result, the as-if complete markets
multiplier would be higher in scenario Figure 4 than in Figure 3.

What is important for our aim to compute the fiscal multiplier is that in our model
the accumulated inflation rate is also uniquely determined by policy. Furthermore the model
delivers unique responses of prices, output, consumption and employment although monetary
policy is not following an active rule but instead is stuck at the ZLB, a necessary requirement
for a locally determined equilibrium in New Keynesian models with complete markets.

But in incomplete markets models, the accumulated inflation rate is not linked one-to-one
to the size of the multiplier as the derivation for complete markets does not apply here. Since
wealth is heterogenous and credit constraints are binding occasionally, one cannot iterate using
the consumption Euler equation of the representative household. Instead the stimulus policy
has distributional consequences which since marginal propensities to consume are heterogenous

affect aggregate consumption and thus also employment. We discuss those now.

3.1.3 Distributional Consequences of a Stimulus

An increase in spending, the necessary adjustments in taxes and transfers and the resulting
responses of prices and hours operate through various distributional channels. Changes in
the tax code naturally deliver winners and losers. An increase in the price level and of labor
income leads to a redistribution from households who finance their consumption more from
asset income to households who rely more on labor income. Changes in interest rates also
redistribute between debtors and lenders.

These redistributions matter due to the endogenous heterogeneity in the MPCs in the data
and in our incomplete markets model. This heterogeneity together with the redistribution
determines the aggregate consumption response, and since output is demand determined due
to price rigidities, also determines output. Individual household consumption ¢; depends on

transfers 7', tax rates 7, labor income wh, prices P and nominal interest rates i, so that
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aggregate private consumption
Ct({TtaTt,wtht, P, it}tZO) = /Ct(aa S {Tt, Tt, wtht; Pnit}tzo)dgr (20)

In our model hours is a household choice variable but demand determined as well. Of course
consumption and hours worked are jointly determined in equilibrium but to understand the
demand response of the fiscal stimulus it turns out to be useful to consider wh as exogenous
for consumption decisions here. In particular it allows us to distinguish between the initial
impact, “first round”, demand impulse due to the policy change and “second, third ... round”
due to equilibrium responses. Those arise in our model since an initial policy-induced demand
stimulus leads to more employment by firms, and so higher labor income which in turn implies
more consumption demand, which again leads to more employment and so on until an equi-
librium is reached where all variables are mutually consistent. Denoting pre stimulus variables

by a bar, we can now decompose the aggregate consumption response,
(AC), = Ct({Tt7 T, wihy, Py, it}tzo) — Ct({T7 7, wh, P7g}t20) (21)
into its different channels:

(Ac)t - ?t({ﬂ77t7wﬁ7 P7g}t20) - Ct({T77_—7U_}B7 Pag}tZO)J (22)

Direct Impact of Transfers and Taxes
+ Ct({ﬂﬁmwthtapj}tzo) - Ct({TtJt’U_J]_% P;g}tzo) (23)
Indirect Equilibrium@ﬁec’c: Labor Income

+ Ct({ﬂaTtawthtaptait}tzo) - Ct({TtaTtawthtapag}tZO) (24)

Price and Interest rate Adjustment

Total demand is the sum of private consumption demand C' and real government consumption
g = G/ P, which both determine output. The private consumption response does not directly
depend on G/ P but it does indirectly. First, transfers 7" and taxes 7 have to adjust to balance
the intertemporal government budget constraint. Second, increases in GG/ P translate one-for-
one into increases in demand. On impact an increase by Ag increases demand by Ag and thus
our worked from hg, to hgs + Ag. As before, this increase in labor income stimulates private

demand which in turn leads to higher employment, then again higher consumption and so
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on until convergence. We therefore decompose the total demand effect AD of an increase in

government spending by Ag as

(AD), = (Ag), + (AC), (25)
—— ——
Direct Govt’ Spending Response Private Consumption Response

= (Ag);+ C.({T,7,w(h+ Ag), P,i}>0) — C:({T, 7, wh, P,i}t>0) (26)

J

Direct Impact on Private Consumption

+ ?t({fm Ty, wihy, Py, Z't}tzo) — Ct({T7 7,w(h + Ag), P,E}tzo) (27)

Indirect Private Consumption Response

A fiscal stimulus, in addition to the immediate impact on government demand, also leads to
higher employment and labor income and thus stimulates private consumption, the Direct
Impact on Private Consumption. The remainder of the private consumption is as above the
sum of the direct impact of transfers and taxes, the indirect equilibrium effects of labor
income and and price and interest rate adjustment, such that the full decomposition of the

total demand effect AD is

(AD); = (28)

{”B
<

Direct G Impact
+ C({T, 7, w(h+ Ag), P,i}0) — Co({T, 7, @wh, P,i}0) (29)

N J/

Direct G Igpact on C
+ ?t({ﬂ7 Tt, ’lI)(;L + Ag)) p7g}t20) - Ot({ 77 T, w(l_l + Ag)v Pag}tZ()) (30)

J/

-

Indirect Tax/Transfer Impact

+ Ct({Ttﬁt;wtht, p,g}tzo) - Ct({Tta Tt,w(ﬁ + Ag), P,E}tzo) (31)
Indirect LaborvIncome Impact
+ Ct({Tn s, Wihy, B, it}tzo) - Ct({Tt, T, Wihy, pj}tzo) (32)

Indirect Price anTi Interest Impact
3.1.4 Multiplier: Definition

As we can now be sure that the fiscal multiplier is well defined in our economy, we now follow
Farhi and Werning (2013) in computing the response of the economy to a fiscal stimulus.
Concretely, we compute the response of the economy to an unexpected increase in the

path of nominal government spending to G; = Gy, Go, ..., Gy, ..., Ggs, where G, is the
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steady nominal spending level and G; > Gg,.
We summarize the effects of spending on output in several ways. First, we compute the

path of dynamic multipliers as the sequence of

Yy 1 Y
D Yss Ss
my = Gpo , (33)
% - 1 Gss/Pss

and the path of static multipliers as

Y;
t _1 Y
S Yss SS
m; = o , (34)
m - 1 Gss/Pss
and the present value multipliers as
PV __ ZZ:O 6k(}¥i o 1) Yes (35)

my = ,
Yo BF (Sl — 1) G/ P

where all three statistics coincide at ¢ = 0 and represent the impact multiplier. A useful statis-
tic is then the long-run present value multiplier, which respresents the discounted percentage
change in real output to the discounted percentage change in real government spending for

any path of government spending:

M:mp‘/_ Zz()ﬁt(%_l) Yis

= , 36
= Z?io Bt(gjgzz - 1) Gss/Pss ( )

where Pj,, G, Yss are the steady state price level, nominal spending and nominal output
respectively and % and %‘ are real output and real government spending respectively. For
comparison with the complete markets case we also compute the as-if dynamic complete

markets multiplier, m& | using the price path we obtain from our model:

1 Gss/Pss CM C’t s ;ew
<G0Pss — 1 CSS )mt —_= Css = H(]_ + 7Tt+1) — Pt

P()Gss s=t
3.2 Calibration

To quantitatively assess the size of the fiscal multiplier we now calibrate the model.
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Preferences Households have GHH preferences over labor nested within constant relative
risk aversion preferences for consumption. We set the risk-aversion parameter, o, equal to 2.
We choose the discount factor, 3, to target a quarterly risk-free rate of 25 BP. We assume the

functional form for g:

1
Bt

h p—
g(h,s) 3¢1+%0

(37)

This formulation implies that households do not adjust their labor supply in response to
changes in their idiosyncratic productivity, but only movements in the wage rate per unit of
labor efficiency. We set the Frisch elasticity, ¢ = 0.5, following micro estimates. We choose

1 = 0.6 such that in steady state h = 1.

Productivity Process We follow Krueger et al. (2016) who use data from the Panel Survey
of Income Dynamics to estimate a stochastic process for labor productivity. They estimate
that log income consists of a persistent and transitory component. They estimate that the
persistent shock has an annual persistence of 0.9695 and variance of innovations of 0.0384. We
treat the transitory shock as measurement error. We follow Krueger et al. (2016) in converting
these annual estimates into a quarterly process. We discretize the persistent shock into a seven

state Markov chain using the Rouwenhorst method.

Production Technology We assume constant returns to scale so @« = 1. We choose the
elasticity of substitution between intermediate goods, € = 10, to match an average markup of
10%. The adjustment cost parameter on prices, # = 300, to match a slope of the NK Philips
curve, €/6 = 0.03. We set the firm operating cost ® equal to 80% of the steady state markup
such that steady state profits equal 0.2% (Basu and Fernald (1997)). These profits are fully

taxed and are distributed to households as lump-sum transfers in the benchmark.

Government We set the proportional labor income tax, 7 equal to 25%. We set nominal
government spending, G in steady state equal to 15% of output. The value of of lump-sum
transfers T is set to 7.25% of output to generate a steady-state government debt to annual

GDP ratio of 0.8.
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Table I: Calibrated Parameters

Parameter Interpretation Internally Calibrated Value
o Risk-aversion N 2

15} Discount Factor Y 1.3

© Frisch Elasticity N 0.5

Y Labor disutility Y 0.6

€ Elas. substitution N 10

0, Price adjustment N 300
6. Wage adjustment N 300
P Firm Fixed Cost Y 0.1

T Labor tax N 25%
T Transfer Y 7.5% of income
0. Wage adjustment N 300

Monetary Policy For the benchmark specification we assume that the monetary authority
operates a constant interest rate peg of i = 0. Note that the results in Hagedorn (2016) im-
ply that there is a unique response of prices, output, consumption and employment although
monetary policy is not following an active rule, a necessary requirement for a locally deter-
mined equilibrium. For purposes of comparison, we will also solve for transitions where we
assume that the monetary authority follows a Taylor rule, which sets the nominal interest rate
according to:

it+1 = maX(XH_l, O) (38)

1 P ¢1(1—pR) Y, ¢2(1—pR) .
Xt = (Z) (P) (Y) L+ i)Pm - 1.

We follow the literature in setting pr = 0.8, ¢1 = 1.5, ¢ = 0 and ¢ = 1/(1 + ry,). Fiscal

where

monetary coordination will be carried out under various schemes listed in the next section.

Price and Wage Philips Curves We set the slopes of both the NK price and wages Philips

curve to 0.03, which is at the lower end of available estimates.

Parameter Values
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Table II: Net Worth Distributions: Data vs Model
% Share held by: Data (SCF 07) Model

Q1 0.2 0.3
Q2 1.2 1.3
Q3 4.6 3.4
Q4 11.9 10.3
Q5 82.5 84.7
90-95 11.1 16.7
95-99 25.3 31.1
Top 1% 33.5 18.5
1
1
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Figure 5: Propensity to consume for Transfers of Size 1$, 1000$ and 100008.

Steady State Model Fit Table II shows that we match the distribution of net worth as
well as the Gini coefficient quite well.

In the model 2% of agents have 0 wealth, and 14% of agents less than $1000. The annual
MPC out of transitory income equals 0.4, which is in the middle range of empirical estimates
0.2-0.6 (e.g. Johnson, Parker and Souleles) Figure 5 shows the distribution of first period
MPCs as function of households assets for transfers of various sizes, 1$, 1000$ and 10000$.

Figure 6 shows the dynamic response of aggregate consumption {C;};—012.. to transfers

of various sizes, 1$, 1000$ and 10000$ paid once at periods 0,4,8 and 12.
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Figure 6: Propensity to consume for Transfers of Size 1$, 100$ 1000$ and 100008.

3.3 Results

We can now compute the response of prices, employment, output and consumption to a per-
sistent increase in nominal government consumption by one percent where spending follows an
AR(1) process with parameter p, = 0.7 after the initial innovation. Balancing the government
budget when government spending is increased requires to adjust taxes or debt or both. As
Ricardian equivalence does not hold in our model different assumptions on the path of taxes
and debt will have different implications for the path of aggregate consumption and therefore

prices and the change in output. We consider two scenarios:
1. Transfer are adjusted period by period to keep nominal debt constant.
2. Deficit financing and delayed transfers to pay back debt after 12 quarters.

For each of the two scenarios we report the dynamic response of hours, consumption,

output, prices, tax revenue and debt as well as the of the path of dynamic and static multipliers
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Figure 7: Propensity to consume for Transfers of Size 1$, 100$ 1000$ and 10000$ that are
repaid after two years.

mP m? and of the as-if complete markets multiplier m& and the summary multiplier M.

3.3.1 Tax Financing: Constant nominal debt

Under the first financing scheme, we assume that the government adjusts lump-sum transfers
period by period to keep the level of nominal debt constant. The four panels of Figure 8 show
the results for the aggregate consumption and output response, the different multipliers, the
decomposition of aggregate consumption, and government bonds.

The level of government bonds is unchanged since the stimulus is tax-financed. On impact
G increases by 1% that is 0.15% of output and consumption increases by 0.19% of output
leading to an impact multiplier of 2.29. The consumption responds weakens over time and
gets negative from period 6 onwards such that the static multiplier, which relates the period
t consumption response to the period ¢t government spending increase, becomes negative. The

dynamic multiplier converges to zero since the consumption response although negative slowly
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dies out and becomes small relative to initial government spending increase. The decompo-
sition of the total consumption response reveals the quantitative importance of the direct,
the indirect and the price effects. The stimulus of 0.15% directly increases households labor
supply by the same amount, leading to a aggregate consumption response of 0.093% of out-
put. (equation 29). The contemporaneous cut in transfers lowers aggregate consumption by
0.027% on impact (equation 30) , implying a total initial effect of 0.066%. This effect is posi-
tive since the government spending has a ‘MPC of one” whereas the transfer cut of the same
size has a smaller MPC, such that households income increases. This increase leads to more
consumption demand, which in turn leads to higher labor demand, higher labor income and
again higher consumption demand until an equilibrium is reached. These indirect multiplier
effects sum up to 0.012% (equation 31) even larger than the initial impact of spending. Finally,
the decomposition shows that the price increase (and the unchanged interest rate) effects are
small (equation 32).

The impulse response of the remaining variables to a 1% innovation in government spending
are plotted in Figure A-1 in the appendix. The cumulated multiplier, reported in Table III, is
only 0.19.

3.3.2 Deficit financing

Under this scenario we assume that real transfers are kept constant during the first 20 quarters
after the innovation to government spending. Then, the government is assumed to adjust
transfers linearly over eight quarters, keep them constant for eight quarters, and then allow
transfers to revert back to the real steady state level with an autocorrelation parameter of
0.8. Thus, under this timing scheme, the government chooses only the level of adjustment to
transfers to guarantee that nominal government debt returns to its original level.

The four panels of Figure 9 summarize the main results for the aggregate consumption
and output response, different multipliers, the decomposition of aggregate consumption, and
government bonds.

Deficit instead of tax financing increases the initial multiplier from 2.29 to 2.80 and the
initial aggregate consumption response from 0.19% to 0.26%. The decomposition of the con-
sumption responds makes clear why. The direct impact of the spending stimulus is basically

identical (0.093%) but now there is no initial offsetting effect from contemporaneously higher
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Figure 8: Fiscal Multiplier and Aggregate Consumption: Tax Financing
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taxes. The total initial effect thus equals 0.091 (0.066% before), almost identical to the direct
spending impact, leading to a larger increase in labor demand and households income. The
indirect multiplier effects now accumulate to 0.017% The deficit financing leads to an increase
in government bonds and the consumption response becomes negative only from period 9
onwards. However, the increase in government spending is ultimately financed through a fu-
ture reduction in transfers, which results in a contraction in future output. Thus, despite the
large impact multiplier, the cumulated discounted multiplier is only around 0.31. The impulse

responses of the remaining variables are plotted in Figure A-2 in the appendix.

3.4 Further Analysis

We now extend the analysis in various directions. First we investigate in Section 3.4.1 how
the size of the fiscal multiplier depends on the MPC by considering identical economies but

with lower MPCs due to relaxed credit constraints. We then use a Taylor interest rate rule to
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Figure 9: Fiscal Multiplier and Aggregate Consumption: Deficit Financing
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describe monetary policy instead of a nominal interest rate fixed at the ZLB in Section 3.4.2.
We then ask how the size of the fiscal multiplier depends on the timing of spending ( “forward
spending”) and on the persistence of the stimulus in Sections 3.4.3 and 3.4.4. So far we have
focused - as does the literature - on the effects of an increase in government spending. Another
stimulus policy is to increase transfers and we consider such policies in Section 3.4.5. Finally,
we consider spending and transfer policies in a liquidity trap in Sections 3.4.6, 3.4.7 and 3.4.8.
We also investigate how the size of the multiplier depends on the scale of the stimulus and on

the degree of price and wage rigidities.

3.4.1 Different MPCs

Here we consider in more detail how the fiscal multiplier depends on the MPC. In our bench-
mark analysis the annual aggregate MPC equals 0.4. We now redo the experiments from the

previous Section but with lower MPCs. To obtain lower MPPs we loosen households credit
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Table I1I: Cumulated Multiplier M

Tax Financing Deficit Financing

0.19 0.31

constraints. In the benchmark households constraint is zero, that is they cannot obtain any
credit. We now consider credit constraints zzz including the natural borrowing limit which
implies annual aggregate MPCs of xxz.

The four panel in Figure xxx show the results for the aggregate consumption response and
its components and the fiscal multiplier for all the MPCs we consider. For each MPC we have
one Figure which includes consumption, its components and the multiplier which is just the

sum of the aggregate consumption response and the increase in government expenditures

We find ...

3.4.2 Taylor Rule

We find similar results if instead of an interest rate peg, the monetary authority follows a
Taylor rule. This is not surprising since the prices respond only very little when the interest is
pegged at zero. The four panels of Figure 9 summarize the main results. The impulse response
are plotted in Figure A-3.The same conclusion is reached for tax instead of deficit financing

as the impulse responses in Figure A-4 show.

3.4.3 Forward Spending

The multiplier gets smaller if the spending is pre-announced to occur at a future date, 8
quarters from now. The additional spending is deficit financed. The price level now increases
gradually in anticipation of the future increase in government spending such that Initially
output falls before it increases at the time of the spending increase 8 quarters in the future.
However, the increase in consumption as well as the multiplier at that time are smaller than

the corresponding multiplier in the case when the stimulus occurs immediately and is deficit
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Figure 10: Fiscal Multiplier and Aggregate Consumption: Taylor Rule and Deficit Financing
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financed. The impulse responses to a spending increase 8 quarters in the future are plotted in

Figure A-6 in the appendix.

3.4.4 More Persistent Spending

We now again compute the response of prices, employment, output and consumption to a
persistent increase in nominal government consumption by one percent where spending follows
an AR(1) process but now with a higher persistence parameter p, = 0.9 > 0.7. Figure A-7 in

the appendix shows the impulse responses.

3.4.5 Transfer Multiplier

In this section we consider the multiplier in response to a one percent increase in government
transfers. We assume that nominal government spending adjusts to keep real government

spending constant in response to the innovation in transfers. We allow the government to
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Figure 11: Future (+8 quarters) spending: Deficit Financing
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finance the increase in transfers by first increasing government debt, but by increasing future
transfers as in the previous section to pay back the debt.

The impulse response is plotted in Figure A-5. The impulse response is qualitatively and
quantitatively similar to the impulse response to an increase in government spending with
delayed repayment. Output rises more, however, when transfers increase than when spending
increases. This can be understood because, in addition to an increase in spending coming
from an increase in the price level and a decline in the real rate, the heterogeneity in marginal
propensities to consume means that some households will increase their spending by even more
than would be implied from the fall in the real rate in a representative agent model. However,
the cumulative multiplier ends up being around -0.1. As the future decrease in transfers needed
to return nominal government debt to its steady state level are sufficiently contractionary to

offset the contemporaneous gains.
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Table IV: Main Results Consumption and Multipliers

Baseline Taylor Rule Forward Persistence Transfer MPC

Tax-Finance Deficit Deficit Deficit Deficit Deficit 0.x 0x

(1) (2) (3) (4) () © (7 (6

Impact Mult. 2.29 2.80
Cumul. Mult. 0.19 0.31 0.15
ACy 0.19 0.26

Decomposition of Consumption

Direct G on C 0.093 0.093
Tax/Transfers -0.027 -0.002
Indirect Income 0.012 0.017
Prices -0.003 -0.004

Note - The table contains the impact and the cumulated multiplier M as well as the initial consumption response
AC)y. The last four rows show the decomposition of the initial aggregate consumption response into the direct
G impact on C (equation 29), the effect of taxes/transfers (equation 30), indirect income effects (equation 31)
and the price and interest rate effects (equation 32).
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3.4.6 Liquidity Trap

In this section we explore the extent to which the size of the multiplier may vary with other
shocks hitting the economy. In particular, we consider what the government multiplier is after
a demand shock. We therefore first have to generate a liquidity trap in the model, where the
ZLB on nominal interest rates is binding. In doing so we follow Cochrane (2015) and construct
a series of discount factors {3;}=12,.) such that the natural real rate of interest - the real
interest interest rate in a world with flexible prices and wages - equals —2% for 5 years and
then returns to zero afterwards. All other parameters are unchanged.

We then feed the series of discount factors {5t}(t=1,2,...) into our model with price and
wage rigidities and calculate the response of the economy, which is shown in Figure 12. The
resulting recession is quite large as output initially drops by about 5 percent. We solve for
the impulse response to the demand shock under two scenarios previously considered, one -
tax financing - where real government debt is kept constant and the other - deficit financing
- where we adjust transfers in the future to return back to steady state nominal debt.

Under these two scenarios, we also compute the effect of a simultaneous (at the same
time as the liquidity trap starts) 1% increase in nominal government spending. Thus, we can
compute the fiscal multiplier as the percent increase in output under this scenario, relative
to the benchmark with no increase in spending, divided by the relative percent differences in
government spending. The multipliers are plotted in the left panel of Figure 13. The right panel

of Figure 13 shows the transfer multiplier, where again only deficit financing is meaningful.

3.4.7 Scale Effects

We consider the size of the multiplier in the liquidity trap described above and how it depends
on the scale of the government spending and transfer stimulus. The left panel of Figure 14
shows the government spending multiplier for a 1%, 2%, 5%, 10% increase. The right panel of

Figure 14 shows the same for the transfer multiplier again for 1%, 2%, 5%, 10% increases.

3.4.8 The degree of price and wage rigidities

Show liquidity trap multiplier for various degrees of price and wage rigidities. The left panel

of Figure 15 shows the government spending multiplier for various degrees of price rigidities,
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Figure 12: Economy in a Liquidity Trap

Capital

In this section we consider a generalized version of the model considered in the previous sec-
tions where we allow for capital accumulation (with adjustment costs and capital utilization)

and for habit persistence in consumption. In addition not only prices but also wages are sticky.

4.1 The generalized Model

The government and the final good sector are as in the simple model. What changes are the

household sector and the intermediate goods sector. In addition we add another sector, which

transforms households savings into investment goods.
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4.1.1 Households

We add habit persistence in consumption so that households utility function is

U = Ey Z BtU(Ct — KCi—1, hy, St)

t=0

where:

(c—kc_1—sg(h))1—7—1

u(c — ke_q,h, s) =

log(c — ke—y — sg(h))

l1—0

if o#1

if o=1

To allow for sticky wages we follow the literature and assume that each household j provides
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Figure 15: Multiplier in a Liquidity Trap and Degree of Rigidities

differentiated labor services, hj;. These differentiated labor services are transformed by a
representative, competitive labor packer firm into an aggregate effective labor input, H; using
the following technologies:

1 =
H, - ( / sialh) s dj) , (30)
0

where €, is the elasticity of substitution across labor services.

A middleman firm (e.g. a union) sells households labor services to the labor packer, which

given aggregate labor demand H by the intermediate goods sector, minimizes costs
1
/ thSjthjtdj, (40)
0
implying a demand for the labor services of household j:
Wi\
hjt = h(th; WtyHt> = (—Jt) Hy, (41)
where W, is the (equilibrium) nominal wage which can be expressed as

1
1 T—ew
Wt:( / sjtwjltewdj> :
0

The middleman sets a nominal wage Wt for an effective unit of labor so that Wj, = Wt
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to maximize profits subject to wage adjustment costs similar to the price adjustment costs as
in Rotemberg (1982). These adjustment costs are proportional to idiosyncratic productivity
s and are measured in units of aggregate output and are given by a quadratic function of the

change in wages above and beyond steady state wage inflation IT |

2
i i O (Wi —w\’ 0w [ Wi —uw
C'_') (8jt, th = Wt?%tfl = Wtfl;}/:‘,> — Sjt_ Jt o H Ht _ Sjt | t _ H Ht.
2 \Wji 2

The middleman’s wage setting problem is to maximize?

(i)
~ 2
S W Qw W —w .
= m‘;}x/ <¥h(Wt,Wt,Ht) —Sjtg(h(Wt,Wt,Ht))dj _/S]t? (Wt — 11 ) th]
t t t—1
1
W () )

Some algebra (delegated to the appendix) yields, using hj; = H; and W, = W, and defining

the real wage w; = 7’5 the wage inflation equation
w_Tw) g% = / i 1 w T\ w Hypq
O (mp" — %) 7 = (1 — 1) (1 — €w)wy + €wg (W(Wis Wy, Hy)) + ———8,, (), — TI¥) 71}y ——
1+ Tt Ht
(43)

The costs of wage adjustment as well as the disutility of work are borne by the households
directly and wages are directly paid to households, so that middlemen make no profits.
Households budget constraint equals

~ 2
0w [ Wi —w .
Ptct+bf+1+Ptkf+1+Pt<I>(k{L+1,kth)+st7 ( L T ) Hy = (140 bl+(14+r®) Py +-(1—1) Paw, hy s+ T3,

t—1

where k' is the (beginning of period t) stock of physical capital with a real return r¢ and

® (k' ., k') are real portfolio adjustment costs which we specify (for now) as

b (kP — kP2
e e s
t

3Equivalently one can think of a continuum of middlemen each setting the wage for a representative part
of the population with [s =1 at all times.
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Household supply of capital in period ¢ is then
K= /k:f(b, Ky si-1;Q)dy

4.1.2 Investment-Goods Firms

The investment-good sector transforms households capital holdings into capital services K,
and sells them to the intermediate goods sector which now uses both capital and labor. Capital
services, K, are related to the physical stock of capital by K, = u,J;. Here, u; denotes the
utilization rate of capital and capital depreciates at rate d(u), which we specify as

k
_5 Tss 1+1/60
) =5+ 1y (o 1)

HANK specifies § equal to 10% per annum, and §, = 5 implying an elasticity of depreciation
to utilization of 1.2. Investment-good firms engage in two activities. They rent capital K; at a
real rate 1 4 rf from households and choose the utilization of capital u; and rent the resulting
capital services for intermediate goods at rate 1+7¥. They also collect households investment
K., — K] and transform it into new capital K; 1. Thus the investment-good firms choose K,

I and v to maximize profits
o0

ZﬂtDta

t=1
where

D, =K' — K[ +rfu, K, — ! K, — I,

and capital accumulates as

Kt+1 = Kt(]- — (5('&)) + It-

Equivalently the firm chooses the path of capital and utilization to maximize
Zﬁt (thl+1 — Kth + TfUth — T?Kt — Kt+1 + Kt(l — 6(“))),
t=1

which gives first order conditions

ry = Tfut—é(u)—kl—l/ﬁ (44)
rt = '(u), (45)
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The profits of firms in the investment goods sector are also fully taxed by the government.

Note that

D, = K}'\i— K]+ (0(u)—1+1/8)K, — I, (46)

= Kjyy = K = (Kia = Ko) + (1/8 - 1)K, (47)
which in equilibrium equals D, = (1/8 — 1) K.

4.1.3 Intermediate-Goods Firms

A monopolist produces intermediate good j € [0, 1] using the following technology:

ZiK Hiy, * — Z,® if >0
ijt = i ' B ) (48)
0 otherwise
where 0 < o < 1, 7jt is capital services rented, Hj; is labor services rented and the fixed cost
of production are again denoted ® > 0.

Intermediate firms rent capital and labor in perfectly competitive factor markets. Profits

are fully taxed by the government. A firm’s real marginal cost is me;; = 05,(Y};)/0Y, where

Si(Yj:) = min Tijt + wyHj;, where Y, is given by (48) (49)

K, Hj

Given our functional forms, we have

o (2 ()

Kjt Wy
= ol
Hy; (1—a)rf (51)

J

and

Prices are sticky as there are the same Rotemberg (1982) price adjustment costs as in the
simple model.
Given last period’s individual price p;;—; and the aggregate state (P;,Y:, Zy, wy, 1), the

firm chooses this period’s price p;; to maximize the present discounted value of future profits,
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satisfying all demand. The firm’s pricing problem is

2
_ Dijt 0( v = 1
Vi (pir_1) = max 2y (pis: Py Vi) =S (y(pon; By, Y3))— = T Vi Zibt—— Vi (p;
i (Dji-1) IT;J%X Pty(p]t7 b Ye) =S (y(pje; P, Yr)) 5 (pjt_l ) t—2Zt +1+7"t 11 (Pjt)

where ® are fixed operating costs.

The same algebra as in the simple model yields the New Keynesian Phillips Curve

— 1 —
(1—€)+€mct—9(7rt—l_[) T + 1—|—7’t9(7rt+1_1_[> T+1 }/;

The equilibrium real profit of each intermediate goods firm is then

d, =Y, — 2 - S(Y,) — - (I, - )Y,

| D

4.2 Computation

Computation could be done similarly to what we do in the simple model with the modifica-
tion/complication that not only prices but also a sequence of wages needs to be guessed.

Algorithm for computing:
1. Guess path for the price level {P,}L, and real wages {w;}7_,
2. Use the wage Phillips curve, eq (91), to back out the sequence for {H;}L_,

3. Note that we can express contemporaneous output, Y; as a function of P, w;, H; and

™McCy.

(a) If we know me; and w; then from equation (50):

1 a—1 1 1

=rf=a(l—a) e w,* meZ8 (52)

(b) Knowing Hj; = H;, w; and rf and from equation

th QW
= 53
Hy o (1—a)ry (53)

we get capital services Fﬁ = K,.

(c) This allows to compute output using the production function in equation (48).
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4. The only unknown in the price Phillips curve, equation (52), is marginal costs (since we

know Y; from the previous step), so we can use it to back out the sequence for {mc;}7_.

5. Using the same arguments as above allows us to infer the series of interest rates rF,

capital services K, and output Y;.

6. Then from eq. (45) we back out utilization:

w=08""(rf) (54)
7. And from eq. (44) we back out households return on capital :

r® = rfu,—6(u)+1-1/3 (55)

8. One then has all the prices - wages w, interest rates r* on capital, prices P, nominal
interest ¢ on bonds as well as policies - tax rates 7; and transfers T; to compute the HH

problem delivering a sequence of capital supply, bond supply and labor supply.

9. Iterate guessing sequences of prices P, and wages w; until the bond market, capital

market and the labor market clear.

Solving the household problem: We proceed to solve the household problem by iterating
on the first order conditions for the optimal bond and capital choices for the households. The

household problem can be written recursively as:
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VO b by 5:Q) = max w(e,x, h,s) + BEV(X, U K, o5 Q)

s.t.

~ 2
w [ W —w
Pc+b'+Pk'+P¢(k',k)+s%<A —H> H

W_y
— (14 Db+ (14 7")Pk+ (1 — )Pwhs + T
X' =0 —=XNx+ e
Q' =T(Q)

where € is the distribution over households.
Let € be the lagrange multiplier on the budget constraint. Then we have
FOC (c):
(ug (¢, X, hys) + BARVI(X', U K, s':QY)) = PE

FOC (b):
BEVL (X, U, K, 8" Y) = ¢

FOC (k):
BEV3(x, V', K, 5", ) = PE(1+ O (K k)

We use FOC (¢) to solve out for £, giving us:
FOC (b):

1
ﬁE‘/Q(Xla b/7 k/a S/; Q/) = F (ul (Ca X5 h7 S) + B)\]E‘/l (X/> b/> kla S/; Ql)) +
FOC (k):

ﬁE‘/E’)(Xa b/7 kla S/; Ql) = (1 + Cbl(kla k)) [ul (Ca X h7 8) + 5)\E‘/1 <X7 b,a kla 8,; Q/)}

We can now take the envelope conditions

EC (x):

Vilx,b,k,5:Q) = us(c,x,h,s)+ (1= XN)BEVI(X, VK, s Q)
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[Note, I don’t think there is any lambda here, but it’s important that the derivative is us]
EC (b):

Va(x, b, k,5,82) = (1+4)¢ (63)
= 1;Z(u1 (e, x, h, ) + BAEVL (X, U, K, s Q) (64)

EC (k):
Va(x, bk, 55Q0) = (147" —Qy(k, k) PE (65)

= (147" = DoK', k) [ur (¢, X, by s) + BAEVI(X, U K, 855 2)] - (66)

In order to solve this, we first guess the derivatives of the value fuctions {V, V, VJ}.
Then, we use the two FOCs to back out the policy functions for ¢, t’, k’. Then, we can use the
three envelope conditions to update our guesses {Vi', V', Vi'}. If they are sufficiently close,
we’ve found the solution and we stop. Otherwise, we continue iterating.

Taking first order and using envelope conditions we obtain for b and b':

V,—(1+i)¢ = 0 (67)
E+PEVy =&+ B(A+1)E = 0, (68)

where ¢ is the multiplier on the constraint. For ¢_; and ¢ we get:

Ve, = —kuy (¢ — ke_1,h,s)  (69)

uy (¢ — ke_1, h,s) + BEV, + P€ = uy (¢ — ke_y, h, s) — BkBuy (¢ — ke, h,s) + PE=0 (70)

Combining the FOC for ¢ with the one for £ we obtain the FOC:

uy (¢ — Ke_q, hy s) — BrEuy (¢ — ke, h,s) = PB(1 + ) EE = (71)
gﬁ(l + ) E{uy (' — ke, h, s) — frBuy (" — k' b,y 8)} = (72)
6111—;/18 {uy (¢ — ke, h, s) — Bruy (" — Kk by s)}. (73)
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FOC for k and k':

Vi = PEDy (K k) — PE(1 4 r*)(74)

P&+ PEDy (K k) + BEVyy = P&+ PEDy (K, k) + BE{P'¢'Dy(K" k') —

Combining with the FOC for ¢ we obtain:

P'e"(1+ (r*))} = 0.(75)

(uq (¢ — Ke_q, hy s) — BrEuy (¢ — ke, by s))(1+ @ (K k) = (76)
BE{uy (¢ — ke, h,s) — Bruy (" — kd hys)} (1 + (r*)) — $o(K" ')} (77)
Specifying the functional form for adjustment costs as
hoohy _ Pk ko — kIN2s,
CARNA RS 5 <T> ki
where k' = max{k, k'} implies
o (B —1) if k>k
@y (K k) = (e =) (78)
Ok (%) otherwise
For the case where k > k:
k P ( — k)’
! P — _— _—— —_—
i = (E-0)-S(E
k kK —k
- 1
#(i-1) (55)
Qb k,/Q
- (5),
Oterhwise:
kK —k
k') = —n (1)
Thus:
— G (EESER) i k> k
Dok k) =4 (=) (79)
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Using this in the FOC above yields

(uy (¢ — ke_y, h, s) — BrEuy (¢ — ke, h, 8)) (1 + @y =

(14 (r)) + % ’ﬂ,ﬁ
1+ ¢k

E {{ul (¢ — ke, hys) — Brug (" — Kk hy 8)}

4.3 Steady State

The following equations characterize a steady state:

Households

(uy (¢ — Ke_1, hy 8) — BrEuy (¢ — ke, by ) (1 + @y ( = (82)
(1+< ))+¢k k//Q k/2
E " — ke, h,s) — " — kd,h,s 83
{ui (¢ — ke, by s) = Brug (¢ N o (E (83)
(uy (¢ — Ke_q, hy s) — BrEuy (¢ — ke, hy ) (1 + @y (K k) = (84)
BEA{u; (¢ — ke, h,s) — Bruy (" — k' hy )} (1 + (r*)") — $o(K” ') } (85)
Aggregated HH budget constraint:
h h S B g \ nh a h
PC+B"+PK"+P | ®(kY,, k )+7 7 —1I" | H=(14)B"+(1+r*)PK"+(1—7)PwH+T,
—1
Profits
d = Y-Z@-S(Y)—g(n—ﬁ)QY (86)
= y_zq>—rkF—wH—g(H—ﬁ)2Y (87)
D = (1/8-1)K. (88)

Resource Constraint
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~ 2
Y =ZK"H'"*—2& = C+I1+G/P = C’+K5(u)+G/P+0—w (ij/ — ﬁ‘”) H+/ (K%, kh)+5 (II - 10)

2 -1
(89)
Government budget
BY=(1+i)B'+G— P(d+ D)~ / T(ws H)dS. (90)
Wage Setting and Employment
w TIw w— / i/ - 1 w TTw w Ht"rl
O (m) —TI%) 7" = (1 = 72) (1 — €w)ws + €y (R(Wy; Wi, Hy)) + 1—9w (mpy — I¥) mpl y ——.
+ T H,
(91)
Price Setting
(1—e)+emc—9(7r—ﬁ)7r+L9(7r ~)r E:O
147 i y
N/ 1\ 7R (w) e
(1 R 2
e=a) () )
Investment
w=08""(rk) (93)
rt = rky —§(u)+1-1/8 (94)
K =uK (95)

Market clearing

Capital, Bonds, Hours (we impose this already as everybody provides the same number of

hours H.

K" = / E"(b, k, s;_1;Q)dS (96)
B = /bh(b,k,st_l;Q)dQ (97)

Check Consistency of HH budget, resource and government budget constraint (Walras

law). Start with HH budget and derive resource constraint using government budget and
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other equations:

2
= 1+)B"+T+ (1 +r*)PK"+ (1 —7)PwH,

~ 2
Pc+Bh+PKh+P/<1>(k.’ﬁl,kh)+9—w ( W —ﬁ"’) H
0%

Substituting in the government budget constraint:
iB+T—71PwH =P(d+ D) -G,

we get

~ 2
0 —w
PC+P/q>(ki1,kh)+7“’<V;V 11 ) H

= P(d+D)—-G+r*PK + PwH.
Now use

r*PK + PwH = r*uK — §(u)PK + (1 — 1/B)PK + PwH

= Y—Z(I)—Pd—g(H—ﬁ)QY—d(u)PKJr(l—l/ﬁ)PK

we get (now in real terms):

~ 2
0 —w
C+/®(kil,kh)+7w(w —H) H

-1

= D—G/P+Y—Z<1>—g(H—ﬁ)QY—é(u)K+(1—1/ﬁ)K

= Y—G/P—Zcb—g(n—ﬁ)QY—é(u)K,

which is equivalent to the resource constraint:

C+G/P+(u)K + 5

=
—
N=

|

=l
~—

S

= Y-Z@-/@(kil,k")——(H—ﬁ)Qy.
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4.3.1 Calibration Strategy

In the calibration we will target (all values are quarterly) r% = 0.01, igs = 0.005, Kys/Yss =
10.26, Gss = 0.15Y;, and BY,/Yss = 1 in the steady state. We will also target uss = 1 in steady
state, such that K., = K, and 6(us) = 0.

We normalize steady state productivity, Zs = 1.

We will use § and ¢y, to ensure market clearing in the bond and capital (and by con-
struction, goods) markets. Thus, we need to figure out &(3) and 7'(3), such that r* = 0.01,
Ky/Yss =10.26 and BY,/Y,, = 1.

In steady state, first, we solve for marginal cost:

e—1
€

(110)

mcgs =

Next, we can express the wage as a function of r¥, and me,:

’I"k ﬁ 1
Wes = (ﬁ) (1 —a)mess © (111)

(0%

Then, some additional algebra and substitution yields:

Tk . QMCgg
ss
Ko/ Yis

(112)

where all quantities on the right hand side are given from the calibration targets. Then we

can solve for w,, using the above equation and §(3):

5(8) = r*, % T (113)

we then obtain H,, from the wage philips curve:

L T)wss> (114)

Then we can compute the profits of the intermediate and investment firms:
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dss = Yss - wssHss - TESFSS - o (115)

Dy, = (1/ﬁ_1)Kss (116)

We can then compute total output from the production function and solve for Tys (as a

fraction of output):

BY Gss  dss + Dy Hy,
T — ;288 _ Zes T e s 11
> ' Yes  Yis Yss Tl Yis (117)

Then, we iterate on f3, ¢; until we achieve market clearing (hopefully a solution exists).

4.4 Estimation

4.5 Results

5 Conclusions

[TO BE COMPLETED)]
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I Figures
I.1 Impulse Responses: Main Results (Section 3.3)

Figure A-1: Impulse response to a 1% increase in nominal government spending: Tax Fi-
nancing (Constant Nominal Debt).
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Figure A-2: Impulse response to a 1% increase in nominal government spending: Deficit

Financing
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1.2 Impulse Responses: Taylor Rule

Figure A-3: Impulse response to a 1% increase in nominal government spending: Deficit

Financing, Taylor Rule
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Figure A-4: Impulse response to a 1% increase in nominal government spending: Tax Fi-

nancing, Taylor Rule
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I.3 Impulse Responses: Transfer Multiplier

Figure A-5: Impulse response to a 1% increase in nominal government Transfers: Deficit

Financing

Real Gov Spending

0
) 20 40 60
Quarters
) «10% Price level
1
0
-1
20 40 60
Quarters
0 «1080vnment Bonds
1

5[\
0
20 40

60
Quarters
) «10°Nominal Wages
1
0
-1
20 40 60

Quarters

Static Multiplier

0 1
-5
-10
10 20 30 40
Quarters
107 Output
10 2
5
0
) 20 40 60
Quarters

«1freal Tax Revenues

=
o o O

20 40 60
Quarters
«10° Real Rate

-2

N ISEEN

20 40 60
Quarters

Dynamic Multiplier

1
9
0.5 \
0
5 10 15 2

-0.5

0
Quarters
0 « pgiwvate Consumption
1

5
0

20 40 60

Quarters
o «103Real Transfers

5
0
' 20 40 60
Quarters
Nominal Rate
0

20 40 60
Quarters



I.4 Impulse Responses: Forward Spending

Figure A-6: Impulse response to a future (48 quarters) 1% increase in nominal government

spending: Deficit Financing
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I.5 Impulse Responses: Higher persistence

Figure A-7: Impulse response to a 1% increase in nominal government spending (Persistence
0.9) ): Deficit Financing
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II Derivations and Proofs

II.1 Derivation Pricing Equation

The firm’s pricing problem is

v _ Djt . Y P YY) o 0 pp =\
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subject to the constraints n;, = ((%’5) %)ﬁ and y(pji; P, Y;) = (%)7 Y.

Equivalently
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and the envelope condition
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Combining the FOC and and the envelope condition
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Using that all firms choose the same price in equilibrium
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II.2 Derivation Wage Equation
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The middleman’s wage setting problem is to maximize
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where hj, = h(Wj; Wy, Hy)
The FOC w.r.t W,
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and the envelope condition
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Combining the FOC and and the envelope condition
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