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Abstract
We develop a general analytical theory of state-dependent fiscal multipliers, for both
demand-side policies, such as government spending, and supply-side policies, such as tax
cuts and subsidies. Our framework explicitly accounts for empirically relevant goods market frictions, such as underutilized productive capacity and unsuccessful visits on households’ side, by introducing search-and-matching frictions into the goods market. A major
theoretical finding of our paper is that the cyclicality of fiscal multipliers depends crucially on the type of shocks that drive the business cycle: spending multipliers are large in
demand-driven recessions, but small and possibly negative in supply-driven downturns;
on the contrary, tax cuts are ineffective in demand-driven slumps, but may be powerful if
the decline is caused by supply factors. We also establish that in strong demand-driven
booms and severe supply-side recessions spending austerity can be the policy with highest
multiplier, provided the labor market is sufficiently rigid. In order to assess our predictions
empirically, we estimate state-dependent spending and taxation multipliers, conditional on
a particular shock driving the business cycle. We find evidence that the source of economic
fluctuations is indeed a relevant determinant behind the cyclicality of fiscal multipliers.
Both our theoretical and empirical findings help rationalize recent debates about quantitative relevance of fiscal state dependence.
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Other than the zero lower bound papers, [...] there is only a limited literature analyzing rigorous
models that produces fiscal multipliers that are higher during times of high unemployment. Thus,
there is still a gap between Keynes’ original notion and modern theories.

Ramey and Zubairy (Journal of Political Economy, 2018).
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Introduction

A long tradition in economics, starting with the general theory of Keynes (1936), envisages
the possibility that the effect of fiscal interventions implemented by managing aggregate demand, such as government spending, or aggregate supply, such as tax cuts and subsidies to
producers, may depend on the phase of the business cycle. This notion of state dependence of
fiscal multipliers has received renewed attention in the aftermath of the Great Recession, when
nominal interest rates hit the zero lower bound in a number of advanced economies, forcing
policymakers to look beyond monetary policy for economic stabilization. Initial theoretical
response by Christiano et al. (2011) and subsequent studies have shown that expansionary
government spending indeed becomes more effective at zero lower bound by raising inflation
expectations that, under a fixed nominal interest rate, decreases the real interest rate, thus
stimulating consumption and investment. However, such hypothesis has received mixed to no
empirical support (Crafts and Mills, 2011; Ramey and Zubairy, 2018).
More generally, although the state dependent view of fiscal policy has a long history, there
is still no consensus on the sources, magnitudes and policy implications of state-dependence
of different fiscal instruments.1 One may argue this is because there is still no compelling theoretical framework that allows for state dependence of both spending and taxation multipliers
outside zero lower bound episodes. Developing such theory and using it to guide the empirical
assessment of state dependence of fiscal multipliers is the objective of our paper.
1 Auerbach

and Gorodnichenko (2012, 2013) find large spending multipliers in recessions, irrespective of the
zero lower bound, both in the US and internationally; however, recent evidence using longer historical data in
Ramey and Zubairy (2018) argues that the degree of state-dependence is quite modest. Barnichon and Matthes
(2018) revisit the state-dependent view by arguing the once one controls for the sign of spending shocks, austerity
multipliers are strongly state-dependent. On the side of taxation, Ziegenbein (2017) finds tax multipliers to be
procyclical irrespective of the zero lower bound.
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We propose a general analytical theory of state-dependent fiscal multipliers for both spending and taxation policies that stems from explicitly accounting for empirically relevant frictions in the goods market. We report microeconomic evidence on underutilzed capacity on
firms’ side and unsuccessful visits to stores on households’ side, and develop a model with
search-and-matching frictions in the goods market that accounts for those features. In particular, we consider a matching function that maps firms’ capacity and store visits to sales,
ensuring there is always some idle capacity and unsuccessful visits. Importantly, the cost of
search faced by households and the firms’ capacity utilization jointly increase in goods market
tightness, defined as the ratio of visits to capacity.
The framework shows that the effectiveness of fiscal policy on output critically depends on
the level of goods market tightness, which in turn differs across phases of the business cycle.
Goods market tightness entails two opposing effects on equilibrium output. On the one hand, it
decreases output by increasing households’ search costs and thus discouraging consumption;
on the other hand, it increases output by increasing the firms’ probability of selling goods,
making them utilize a larger fraction of their capacity, and additionally encourages them to
increase their employment. The effectiveness of any fiscal intervention aimed at stimulating
demand or supply thus depends on the interaction of the policy with the level of goods market
tightness, and the relative strength of the two opposing forces. Our framework establishes a
number of closed-form results, and provides restrictions for an empirical assessment on the
state dependence of fiscal policy.
Firstly, our theory predicts that the fiscal multiplier out of government spending decreases
with goods market tightness, and lies between one and negative infinity. The intuition behind
this finding is straightforward, and applies to both government consumption and government
spending on public good production. Government needs to make more visits to stores in order to increase its consumption, which directly increases goods market tightness. This fiscal
expansion makes the goods market more congested and increases the cost of search for households, crowding out private consumption. Naturally, when the government decides to increase
its consumption in states of the world with high goods market tightness, the degree of crowding out will be large and the multiplier low. Similarly, increasing public sector employment
and public good production removes workers from the private sector, which shrinks private
3

firms’ capacity and mechanically increases goods market tightness. As before, this crowds out
private consumption and does so to a higher degree in states of the world with high goods
market tightness.
Secondly, multipliers out of cuts to taxes on firms’ payroll and sales increase with goods
market tightness, and lie between zero and positive infinity. Lower payroll or sales taxes increase labor demand ceteris paribus, which increases equilibrium employment and expands
firms’ capacity. The latter directly lowers goods market tightness, which decreases the cost
of search and crowds in private consumption. Naturally, when firms’ capacity is expanded
in states of the world with exceedingly congested goods market, the degree of crowding in of
private consumption, and hence the multiplier, will be higher.
Thirdly, our theoretical framework also shows that the cyclicality of fiscal multipliers depends on the type of shocks that drive the business cycle. In particular, the multiplier associated
with expansions in government spending is countercyclical under demand-side fluctuations and
procyclical under supply-side fluctuations. Intuitively, this is because a demand-side recession
manifests itself in a sudden drop in the number of visits to stores, which lowers goods market
tightness and makes the spending multiplier high; a supply-side recession, however, shows up
as a sudden decrease in firms’ current capacity, which makes goods market tightness high and
spending multiplier low. On the other hand, the multiplier associated with payroll and sales
tax cuts is countercyclical under supply-driven fluctuations and procyclical and demand-driven
fluctuations. Again, this is because goods market tightness drops in demand-side recessions,
making tax cuts very ineffective at crowding in consumption, whereas goods market tightness
rises in supply-side recessions, making tax cuts very effective.
Fourthly, we also derive conditions under which government consumption austerity can be
the policy associated with the highest size of the multiplier. The above is shown to be the
case in particularly severe supply-side recessions and especially strong demand-side booms, given
sufficiently low elasticities of labor supply and labor demand. Intuitively, sufficiently strong
supply-side recessions and demand-side booms can drive goods market congestion so high
that government consumption multiplier turns negative, as private consumption is crowded
out more than one-for-one. The latter means that the multiplier out of reducing government
consumption is positive, as a reduction in the number of government visits crowds in pri4

vate consumption more than one-for-one. Moreover, under sufficiently low elasticities of labor
demand and supply, tax cuts will not be able to deliver a large enough expansion in firms’
capacity, and hence will crowd in less private consumption than a government consumption
austerity would. Determining whether or not any of the recession and boom episodes that we
have observed historically were of the right nature and sufficiently severe to justify spending
austerity remains an exciting question for future research.
Our final contribution is to use the predictions from the theoretical model to estimate the
cyclicality of fiscal multipliers. We are the first study to estimate fiscal multipliers in recessions
and expansions controlling for the source of business cycle fluctuations.2 We use local projections to estimate state-dependent spending and taxation multipliers conditional on a particular
(type of) shock driving the business cycle. To be completed...
Our study chiefly contributes to two realms of research. Firstly, we contribute to the limited
but growing theoretical literature on state-dependent fiscal multipliers that has so far focused
on fiscal multipliers during zero lower bound episodes, such as in studies by Christiano et al.
(2011), Coenen et al. (2012) and Fernandez-Villaverde et al. (2015). As for state-dependent
multipliers outside of the zero lower bound, Michaillat (2014) builds a theory of government
employment multiplier, showing that it increases with unemployment. Canzoneri et al. (2016)
build a model where financial frictions are more sensitive to government spending in recessions than in expansions, making spending multipliers state dependent. Ziegenbein (2017)
develops a model where the multiplier out of income tax cuts is much higher in expansions
than in recessions, rationalising his own empirical evidence of procyclical taxation multipliers. Michaillat and Saez (2018) study a different but related question of the socially optimal
level of government spending, and show that it depends on the level of unemployment in the
economy.
Compared to the aforementioned literature, our paper is the first theoretical study to jointly
rationalise state-dependence of both government spending and taxation multipliers, with closedform solutions obtained for both objects of interest. Moreover, our framework allows for both
supply-side and demand-side fluctuations, and we are the first study to highlight that the cycli2 Auerbach

and Gorodnichenko (2012, 2013) use unconditional GDP growth for their definitions of states,
whereas Ramey and Zubairy (2018) use an unconditional unemployment threshold.
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cality of both spending and taxation multipliers depends crucially on the type of shocks that
drive the business cycle.
Secondly, we contribute to the rapidly growing empirical literature on state-dependence of
fiscal multipliers. On the side of government spending multiplier, no established empirical
consensus has emerged so far. Earlier studies point to very large government spending multipliers in recessions compared to expansions both in the US (Auerbach and Gorodnichenko,
2012; Fazzari et al., 2015) and internationally (Auerbach and Gorodnichenko, 2013); more
recently, however, Ramey and Zubairy (2018) construct a novel historical dataset for the US
and find a much more modest degree of state dependence. Barnichon and Matthes (2018)
show, however, that once one controls for the sign of spending shocks, austerity multipliers
are found to be strongly state-dependent. Recent empirical literature on spending multipliers
during zero lower bound episodes finds those modestly higher than in normal times in the US
(Ramey and Zubairy, 2018), the UK (Crafts and Mills, 2011) and Japan (Miyamoto, Nguyen
and Sergeyev, 2018). On the side of taxation policy, Ziegenbein (2017) shows empirically that
multipliers associated with tax cuts are strongly procyclical.
The rest of the paper is structured as follows. Section 2 develops the theoretical framework
to derive and analyse closed-form solutions for fiscal multipliers. Section 3 describes the properties and comparative statics for two polar equilibria: competitive and fixprice equilibrium.
Section 4 outlines the theoretical findings on the state dependence of fiscal multipliers for the
two polar equilibria. Section 4 shows that results continue to hold under general classes of
equilibria. Section 7 provides empirical assessment of the theoretical predictions. Section 8
concludes.

2

Theoretical framework

In this section, we develop the theoretical framework based on search-and-matching frictions
in the goods market, in spirit of Michaillat and Saez (2015). We begin by motivating our
approach by showing the empirical relevance of frictions in the goods market, encapsulated
by unsold productive capacity of firms’ side, and unsuccessful shopping visits on the side of
households. We then develop the theoretical model to study state dependence of fiscal multi6

pliers.

2.1

Another look at goods market clearing

A well-known textbook definition of goods market clearing in a closed economy with fixed
capital is:
Y = C + G,

(1)

where Y is the productive capacity of the economy, and C + G represents aggregate demand
coming from households and the government. In most standard models, the above condition
ensures that firms sell of their capacity (otherwise, prices fall sufficiently to clear the excess
supply). At the same time, it is also often assumed that aggregate demand is satisfied frictionlessly, meaning no resources are waisted on completing the purchases.
Despite the frequency with which the above frictionless view of the goods market is employed in modern macroeconomic theory, such approach is at odds with empirical evidence.
Based on firm-level US data collected by the Institute for Supply Management (ISM), firms on
average only sell around 80 per cent of their current productive capacity. Moreover, as can be
seen in Figure 1, this fraction of current capacity utilised is subject to regular business cycle
fluctuations, with much smaller fractions utilised in recessions.
Even more interesting frictions have been documented on the demand side. In particular,
a series of papers in the fields of business logistics and marketing research have documented
that around 15 percent of visits to US retail stores are unsuccessful due to stockouts (see, for
example, Taylor and Fawcett, 2001). Moreover, as can be seen in Figure 2, visits to stores tend
to be more successful on weekdays, as opposed to weekends, when shops are on average more
congested. More recently, similar studies have been conducted for online stores, finding that
as many as 25 per cent of online orders cannot be fully processed due to items being out of
stock (Jing and Lewis, 2011). Combined with evidence from the American Time Use Survey
(ATUS) that an average American spends roughly an hour per day on queuing and searching
for products, it becomes clear that consumers waste non-trivial resources on satisfying their
demands for goods and services.
In the rest of the section, we develop a theoretical framework that embeds these empirically
7

Figure 1: Share of current capacity utilised

Source: Institute for Supply Management (ISM).

relevant features by replying in search-and-matching frictions in the goods market.

2.2

A model with search-and-matching frictions in the goods market

The model is static with a competitive labor market, and the goods market is subject to searchand-matching frictions, in spirit of Michaillat and Saez (2015). Firms hire labor in order to
manufacture an endogenous capacity (k) using a standard Cobb-Douglas production function.
In order to purchase the produced goods, consumers and the government make a total of v
visits. Due to search-and-matching frictions, not every good manufactured is sold and not
every visit yields a purchase. The above is summarised by the following matching function,
which gives the total number of sales (y) as a function of capacity (k) and visits (v):
1

y = (k −δ + v −δ )− δ ,

(2)

where δ > 0, and y < min{k, v}. Goods market tightness x is defined as the ratio of visits to
capacity, that is
v
x≡ .
k
8

(3)

Figure 2: Share of successful visits to US retails stores

Source: Taylor and Fawcett (2001).

Abstracting from aggregate uncertainty, every produced good is sold with probability
f (x) ≡

1
y
= (1 + x−δ )− δ ,
k

f 0 > 0,

f (0) = 0

(4)

so that it is easier to sell goods in a tight goods market. Similarly, the probability of a successful
visit is given by:
q(x) ≡

1
y
= (1 + xδ )− δ ,
v

q0 < 0,

q(0) = 1

(5)

which shows that it is harder to make a successful visit in a tighter market. Note that the
functions f and q have the convenient property that f (x)k = q(x)v = y.
This framework enables a straightforward interpretation of search frictions. It is useful
to think of the capacity of k as the size of the “shop” where produced goods are being sold,
whereas visits v can be thought of as the length of the “queue” lining up to the shop. Goods
market tightness is then the number of people queuing per square meter of the shop, or a
measure of how crowded the outlet is. Note that both private and government customers join
the same queue.

9

2.3

Households

A continuum of identical households populates our economy. In order to purchase and consume the produced good (c), households make v c visits to shops; due to search frictions, there
is an additional cost of ρ ∈ (0, 1) of the produced good per visit. It can be interpreted as the cost
of time spent queuing in shops, or alternatively the (expected) cost of returning a purchased
good the customer did not like.3 The total sales of the produced good to households (y c ) thus
consist of both household consumption (c), as well as the search cost (ρv c ):
y c = c + ρv c .

(6)

Since every visit is successful with probability q(x), it follows that y c = q(x)v c , and consuming c
units thus requires

c
q(x)−ρ

visits. Therefore, the total number of goods that need to be purchased

in order to consume c units is given by:
[1 + γ(x)]c,
where γ(x) ≡

ρx
, γ0
f (x)−ρx

(7)

> 0 represents a wedge introduced by search frictions. Note that one

implication of the above is that the tighter the goods market is, the larger is the wedge. This
is because higher x lowers the probability of a successful visit, raising the expected number
of visits required to purchase a good, and hence making the total cost of search higher. An
intuitive way to interpret the wedge is as the cost of hiring a “personal shopper” who will join
the queue for you. Naturally, hiring a personal shopper is more expensive when the shop is
more crowded.
The representative household gains utility both from consumption of a produced good (c),
as well as from consumption of a non-produced good (m) that is in fixed exogenous supply (m̄),
and gains disutility from supplying labor (l). The non-produced good is traded in a frictionless
competitive market and we make it the numeraire by normalising its price to one.4 Every
3 This

interpretation is supported by empirical evidence. According to the American Time Use Survey (ATUS),
the average American spends approximately one hour per day on shopping and queueing
4 Introducing the numeraire good m serves multiple purposes. Firstly, it allows us to pin down both the price
of the produced good p, as well as the wage w, in our static framework. Secondly, it preserves substitution effects
in the important special case of inelastic labour supply (ψ → ∞).
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household is assumed to be small relative to the size of the market, and therefore takes prices
(p), wages (w) and goods market tightness (x) as given, hence treating the search wedge [1 +
γ(x)] as an exogenous wedge on the price of the produced good. Formally, the representative
household’s optimisation problem is given by:

c1−σ
l 1+ψ
max χ
+ ζ(m) −
1−σ
1+ψ
c,m,l
"

#
s.t.

p[1 + γ(x)]c + m ≤ wl + Π + m̄ − T ,
where χ is a parameter governing relative preference for the produced good, ψ is inverse Frisch
elasticity of labor supply (so that ψ → ∞ corresponds to labor being supplied inelastically), p
is the price of the produced good, [1 + γ(x)] represents the wedge on the price of the produced good introduced by search frictions, w is the wage received per unit labor supplied, Π
represents profits from firms owned by the representative household, T is a lump-sum tax introduced by the government in order to finance its activities; the representative household also
receives an endowment of the non-produced good equal to its (fixed) supply m̄; finally, ζ(.) is
an increasing differentiable function.
The above optimisation problem generates the consumption function c(p, x) and labor supply function l(w), which are formally introduced and whose properties are summarised in the
following two lemmas. For simplicity, and without loss of generality, in the rest of the paper
we will focus on the simplified case of log utility of consumption (σ = 1).5 We also normalise
the supply of the non-produced good so that ζ 0 (m̄) = 1.
Lemma 1. The consumption function c(p, x) is the optimal consumption choice in the representative
household’s problem evaluated under non-produced goods market clearing(m = m̄) and is given by:
c(p, x) =

χ
,
p[1 + γ(x)]

5 Our

(8)

choice of log utility of consumption is consistent with mean estimates of the coefficient of relative risk
aversion in microeconomic studies (Chetty, 2006); Appendix A provides closed-form solutions for a generic CRRA
utility of consumption and show that all our results hold as long as σ ≥ 1
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where

∂c
∂p

∂c
< 0, ∂x
< 0 and

∂c
∂χ

> 0.

From equation (8) one can see that, holding other things constant, higher preference parameter χ increases consumption c as it now generates more utility for every unit consumed;
higher price p and tightness x increase the relative price of consumption and hence decrease c.
Lemma 2. The labor supply function l(w) is the optimal labor supply choice in the representative
household’s problem evaluated at m = m̄, and is given by:
1

l(w) = w ψ ,
where

∂l
∂w

(9)

> 0.

Equation (9) shows that, ceteris paribus, higher wage w incentivises more labor supply; in
addition, the elasticity of labor supply is given by s ≡ ψ1 , so as ψ → ∞, labor supply becomes
perfectly inelastic and fixed at one.
Note that in our current treatment we assume that the cost per visit ρ ∈ (0, 1) is measured in
terms of units of the produced good. This is done for simplicity, as it will later allow us to treat
government and private customers symmetrically. An alternative way to model search costs
for the households is to assume that there is a utility cost per visit. In Appendix B, we show
that the main conclusions of our paper are robust to this alternative approach to modelling
search costs.

2.4

Firms

The economy is populated by a continuum of identical competitive firms that hire labor in
order to produce the identical good, aiming to sell it on the goods market, characterized by
search-and-matching frictions.
The representative firm hires n units of labor and has access to a production technology
that can transform it into the following productive capacity k:
k(n) = anα ,
where α ∈ (0, 1] represents returns to labor, and a represents the level of productivity.
12

(10)

However, due to search-and-matching frictions, every unit of productive capacity is only
utilised with probability f (x), f 0 > 0. Abstracting from uncertainty, we can represent the above
friction by saying that the representative firm has the following level of sales y(x; n) with certainty:
y(x, n) = f (x)k(n) = f (x)anα .

(11)

Each firm is assumed to be small relative to the size of the market, and thus takes prices (p),
wages (w) and goods market tightness (x) as given. Thus, the representative firm chooses n to
maximise its profits:
max Π = [pf (x)anα − wn(1 + τ)] ,
n

where τ ∈ [0, 1) represents a payroll tax from the government, that equals fraction τ of the
representative firm’s wage bill.6 .
The above profit maximisation problem defined firms’ labor demand, whose properties are
summarised in the following lemma.
Lemma 3. The labor demand function n(p, x, w) is the solution to the representative firm’s profit
maximisation problem and is given by:
"

αpf (x)a
n(p, x, w) =
w(1 + τ)
where

∂n
∂p

∂n
> 0, ∂n
> 0, ∂w
< 0, ∂n
> 0 and
∂x
∂a

∂n
∂τ

1
# 1−α

,

(12)

< 0.

The properties of labor demand established above are standard. Ceteris paribus, higher
price p increases the revenue from every unit sold and hence incentivises higher production
and hence more labor demand; higher tightness x increases the probability of selling every unit
produced and hence also incentivises higher production and labor demand; labor demand is
naturally lower when the cost of hiring every unit of labor, given by the wage w, is higher;
introducing a government payroll tax τ > 0 increases the cost of hiring every unit of labor and
thus lowers labor demand; finally, higher a increases the marginal product of every unit of
6 Note that one

could alternatively introduce a sales tax from the government ι, so that the representative firm’s
revenue is given by p(1−ι)y(x, n). None of our results are sensitive to the particular type of tax introduced. In fact,
τ
one can show that introducing a payroll tax τ ∈ [0, 1) is equivalent to introducing a sales tax ι = 1+τ
.
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labor hired and hence leads to higher labor demand. Finally, the (absolute) elasticity of labor
demand is given by |d | ≡

1
1−α , with the constant returns case α

= 1 corresponding to a perfectly

elastic labor demand.

2.5

Government

In the baseline version of our model, we treat government spending as government consumption of the produced good. Therefore, given its exogenous consumption of the produced good
G and the rate of payroll tax τ, the government imposes a lump sum tax T on the consumer
that ensures that balanced budget is run:
T = p[1 + γ(x)]G − wnτ.

(13)

Importantly, note that we assume that the government wants to purchase G units from the
goods market with search-and-matching frictions, and is hence subject to the same wedge [1 +
γ(x)] as the households are. Thus, total sales to the government are given by y G = [1 + γ(x)]G.
Our assumption of identical costs per visit for households and the government, and hence of
identical search wedges, is made for algebraic simplicity and is inessential for our results. Our
results hold even if we assume that the government faces a smaller (ρG < ρ) or zero (ρG = 0)
visiting cost.
We recognise that not all forms of government spending are best modelled as government
consumption. For example, government spending on defence or other public goods is better
rationalised as government spending on employing labor in order to produce the public good
and then distribute it to the households. In the Appendix, we extend our baseline model to
allow for government employment for the production of the public good. Reassuringly, we
show that the cyclicality properties of the public good multiplier are identical to those of the
government consumption multiplier.

2.6

Market clearing

Our economy has three markets: produced good (c), non-produced good (m), and labor (n). By
Walras’ Law it is enough for us to consider any two of those to determine market clearing, and
14

we choose to focus on the markets for produced goods and labor.
The aggregate demand in the goods market is given by the sum of the representative household’s demand c(p, x) and the government’s exogenous demand G. However, recall that due
to the search-and-matching frictions in the goods market, in order to satisfy this aggregate
demand (c(p, x) + G) a total of [1 + γ(x)](c(p, x) + G) needs to be purchased that is equal to the
representative firm’s sales y(x; n) = f (x)k(n; τ). The aggregate supply in the goods market is
thus given by the part of the representative firm’s sales that goes towards satisfying the aggregate demand, or f (x)k(n; τ)/[1 + γ(x)]. Therefore, one can write market clearing in the goods
market as:
f (x)
k(n; τ) = c(p, x) + G .
1 + γ(x)
| {z }
|
{z
} Aggregate demand

(14)

Aggregate supply

The first panel of Figure 3 shows goods market clearing diagrammatically in tightness-quantity
space. In particular, the aggregate supply curve is backward-bending, rising in tightness between (0, x∗ ) and falling in tightness after that. As in Michaillat and Saez (2015), this is because
there are two counteracting effects of rising tightness on aggregate supply. On the one hand,
higher x increases the probability of selling each produced good, thus raising aggregate supply; on the other hand, the wedge [1 + γ(x)] increases in tightness, so that more of sales go
towards financing the ”personal shopper” as x increases. The first effect dominates initially,
but eventually gets dominated by the second effect. In fact, for a given amount of labor hired,
the aggregate supply is exactly maximised at x = x∗ , which corresponds to the socially efficient
level of tightness, as we will formally establish in the next subsection. The aggregate demand
curve is downward sloping in the tightness-quantity space, as consumption c(p, x) falls in tightness ceteris paribus, as was formally established in Lemma 1. Note that every aggregate demand
curve in the tightness-quantity space is drawn for a particular value of the price p; increasing
the price causes a counter-clockwise rotation of the aggregate demand curve, as less consumption c(p, x) can be afforded for every level of tightness. Changes in government spending G
correspond to parallel shifts in the aggregate demand curve, as more is demanded for every
level of tightness.
As for the labor market, we have already established the labor demand and labor supply
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functions, n(p, x, w; ) and l(w), respectively, and can therefore write down the market clearing
condition straightaway:
l(w)
|{z}

=

n(w; p, x, τ) .
| {z }

Labor supply

(15)

Labor demand

The second panel of Figure 3 illustrates labor market clearing in wage-employment space.
The labor supply function us upward sloping, as established in Lemma 2, since higher wage
encourages households to work more; the labor demand function is downward sloping in the
wage-employment space, as established in Lemma 3. Note that the labor demand function
is drawn for a particular value of price p, tightness x and government labor subsidy s. In
particular, higher s causes an outward shift of the labor demand curve, as the cost of hiring
an extra worker for every level of employment. Similarly, higher p and x increase the effective
selling price pf (x) and encourages more labor demand at every level of wages, as the firm
would like to produce more.
Equilibrium is now given by prices and allocations that satisfy all agent’s optimality conditions, as well as market clearing as defined above. However, it is crucial to notice that we have
three variables (p, x, w) to solve the two market clearing conditions above, which highlights the
indeterminacy that is characteristic of most models with search-and-matching frictions. This
indeterminacy leads to infinitely many equilibria and calls for an equilibrium selection mechanism. There is a number of ways to resolve this indeterminacy, Nash bargaining being the
classical approach in the labor search-and-matching literature.
Here we instead focus on two polar cases of either a competitive or fixprice equilibrium.
The former will fix tightness at its efficient level x∗ (which we will formally define in the next
subsection) and will allow p and w to vary to satisfy optimality and market clearing conditions.
On the contrary, every fixprice equilibrium will be defined by a parameter p0 at which the
price p will be fixed, allowing x and w to vary to satisfy the optimality and market clearing
conditions. We define, derive and discuss the properties of both equilibrium types in much
more detail in the following two sections.
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Figure 3: Supply and demand in goods and labor markets, and fiscal interventions
(a) Goods market

(b) Labor market

 f (x)

Notes: Panel (a) shows aggregate demand (c(p, x) + G), aggregate supply 1+γ(x) k(n; τ) and sales
(f (x)k(n; τ)) curves in tightness-quantity space; an increase in government spending manifests itself
as an outward shift in the aggregate demand curve (general equilibrium effects not shown).
Panel (b) shows labor demand (n(w; p, x, τ)) and labor supply (l(w)) curves in wage-employment
space; a cut in the rate of payroll tax manifests itself as an outward shift in the labor demand curve
(general equilibrium effects are not shown).
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2.7

Social planner’s problem

In this subsection we describe the socially efficient allocation in our economy that is given
by the solution to the social planner’s problem. The social planner faces the same matching
function as the agents in our economy, but, unlike the latter, he does not take tightness x as
given. Formally, the optimisation problem of the social planner is given by:
c1−σ
l 1+ψ
max χ
+ ζ(m) −
1−σ
1+ψ
c,m,l,v
"

#
s.t.

1

c + G + ρv = (k −δ + v −δ )− δ ,
k = al α ,

m = m̄.

The efficient allocation (c∗ , m∗ , l ∗ , v ∗ ) is the solution to the above optimisation problem that is
derived formally in Appendix C. Here we would only like to highlight the condition defining
the socially efficient tightness x∗ =

v∗
:
a(l ∗ )α

f 0 (x∗ ) = ρ.

(16)

It is clear from the properties of the f function that the optimal tightness falls in the size of the
matching cost ρ, with x∗ → ∞ as ρ → 0. Intuitively, when there is no cost to making a visit, it
is optimal to make infinitely many visits as at that point the desired product will be purchased
with certainty. Appendix D reports the derivation and graphical representation of the social
planner’s problem.

3

Comparative statics: two polar cases

In this section we briefly introduce comparative statics following permanent changes in the
preference parameter χ and technology parameter a that we interpret as demand-side and
supply-side shocks respectively. The respective intuition could also be extended to permanent
changes in government spending G and the supply side subsidy s. To build intuition, we focus
on the two polar equilibrium types: competitive and fixprice. In the former, tightness remains
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fixed at the efficient level (x∗ ) and adjustment happens via prices and wages7 ; in the latter,
prices remain fixed and tightness and wages clear markets. In Section 5, we show that results
continue to hold in more general equilibrium classes.

3.1

Competitive equilibrium

Let us start of by formally defining competitive equilibrium:
Definition 1. A competitive equilibrium is a pair (p∗ , w∗ ), and associated allocations, such that the
agents’ optimality conditions and the market clearing conditions are satisfied with tightness at its
efficient level (x = x∗ )
Panel (a) in Figure 4 shows comparative statics following a positive demand-side shock (χ ↑
). The aggregate demand curve shifts out, putting upward pressure on goods market tightness;
in order to try and bring tightness back to the efficient level, the price increases, starting the
bring the aggregate demand curve back in; the latter encourages more labor demand, as the
selling price is higher, which shifts out the aggregate supply curve, exactly to the point where
AS and AD intersect at the efficient level of tightness. Eventually, we end up with tightness
remaining at the efficient level, higher prices and sales.
Comparative statics following a positive supply shock (a ↑) are shown in panel (b) in Figure
4. The aggregate supply curve shifts out, putting downward pressure on goods market tightness; in order to try and bring tightness back to the efficient level, the price falls, causing an
outward shift of the aggregate supply curve exactly to the point where it intersects AS at the
efficient level of tightness.
The comparative statics described above are summarised by the following lemma:
Lemma 4. In a competitive equilibrium, the following are the comparative statics of tightness (x),
sales (y) and the price (p):
dy
dp
dx
= 0,
> 0,
> 0;
dχ
dχ
dχ

dy
dp
dx
= 0,
> 0,
<0
da
da
da

7 The

name competitive equilibrium is a reference to the directed search literature and in particular the competitive search equilibrium in Moen (1997), where adjustment via prices and wages leads to an efficient outcome.
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3.2

Fixprice equilibrium

We now formally define a fixprice equilibrium:
Definition 2. A fixprice equilibrium is a vector (p0 , x, w), and associated allocations, such that the
agents’ optimality conditions and the market clearing conditions are satisfied with price given by the
parameter p0 (p = p0 )
One can further distinguish between a tight fixprice equilibrium (x > x∗ ), an efficient fixprice
equilibrium (x = x∗ ) and a slack fixprice equilibrium (x < x∗ ).
Panel (a) of Figure 5 shows comparative statics in a fixprice equilibrium following a positive
demand-side shock (χ ↑). The aggregate demand curve shifts out, creating excess demand that
is cleared out by rising tightness, which in turn encourages more labor demand as the effective
price from the firms’ perspective goes up. The latter effect causes an outward shift of the
aggregate supply curve, but the eventual tightness is still above the initial level, just like sales.
By construction, the price remains fixed.
As for a positive supply-side shock (a ↑), its comparative statics in a fixprice equilibrium
are shown in Panel (b) of Figure 5. The aggregate supply curve shifts out, putting downward
pressure on tightness via excess supply; tightness falls to clear the market. Eventually, we end
up with lower tightness, but unchanged sales. This is because, on the one hand, productivity
increases, causing more sales ceteris paribus; on the other hand, tightness falls, causing lower
effective selling price, discouraging sales. In the special case of a fixprice equilibrium those
two effects exactly cancel out.
Overall, we summarise comparative statics in a fixprice equilibrium as follows:
Lemma 5. In a fixprice equilibrium, the following are the comparative statics of tightness (x), sales
(y) and the price (p):
dy
dp
dx
> 0,
> 0,
= 0;
dχ
dχ
dχ

dy
dp
dx
< 0,
= 0,
=0
da
da
da
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Figure 4: Comparative statics in a competitive equilibrium
(a) Positive demand-side shock (χ ↑)

(b) Positive supply-side shock (a ↑)

Notes: Panel (a) shows comparative statics in a competitive equilibrium, following a positive
demand-side shock, parameterised as an increase in the preference parameter χ; following the shock,
price increases to clear excess demand created by the shock and keep tightness at x∗ , and equilibrium
labor and sales also increase.
Panel (b) shows comparative statics in a competitive equilibrium, following a positive supply-side
shock, parameterised as an increase in the technology parameter a; following the shock, price falls
to clear excess supply caused by the shock and keep tightness at x∗ , equilibrium labor remains unchanged and sales increase, as every unit of labor is now more productive, leading to higher capacity
and higher sales, due to unchanged level of tightness.
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Figure 5: Comparative statics in a fixprice equilibrium
(a) Positive demand-side shock (χ ↑)

(b) Positive supply-side shock (a ↑)

Notes: Panel (a) shows comparative statics in a fixprice equilibrium that initially coincides with the
socially efficient allocation, and is hit by a positive demand-side shock, parameterised as an increase
in the preference parameter χ; following the shock, goods market tightness increases to clear excess
demand created by the shock, and equilibrium labor and sales also increase.
Panel (b) shows comparative statics in a fixprice equilibrium that initially coincides with the socially efficient allocation, and is hit by a positive supply-side shock, parameterised as an increase in
the technology parameter a; following the shock, goods market tightness falls to clear excess supply
caused by the shock, whereas equilibrium labor and sales remain unchanged, since the effects of lower
tightness and higher level of technology exactly offset each other.
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4

Fiscal multipliers: two polar cases

In this section we define, derive and discuss properties of fiscal multipliers in the two polar equilibrium types: competitive and fixprice. We consider two types of fiscal multipliers:
demand-side, associated with government spending, and supply-side, associated with labor subsidies. We highlight that in a competitive equilibrium, where tightness is fixed at the efficient
level x∗ and all equilibrium adjustment happens via prices and wages, the two multipliers are
equal and acyclical. On the contrary, in fixprice equilibria, where prices are fixed and adjustment happens via tightness and wages, the two multipliers are only equal in an efficient equilibrium, and show cyclical variation over the business cycle. In particular, the demand-side
multiplier is countercyclical under demand-side fluctuations and procyclical under supplyside fluctuations; the complete opposite is true for the supply-side multiplier.

4.1

Definitions

We define GDP as Z ≡ c + G, which is the total consumption of the produced good by both
households and the government. A fiscal multiplier is then the effect that a marginal increase
in the fiscal instrument (be it government spending or subsidies) on GDP, in equilibrium. Below
we formally define the demand-side fiscal multiplier, associated with increases in government
spending, and the supply-side fiscal multiplier, associated with tax cuts.8
Definition 3. The demand-side fiscal multiplier ϕ d (x) is given by:
ϕ d (x) ≡

dZ
dZ/Z
dc
=
=
+ 1.
dG d(G/Z) dG

There are two important things to notice about the definition of the demand-side fiscal
multiplier. Firstly, in our framework the effect of a marginal increase in government consumption G on GDP is equivalent to the growth rate of GDP associated with a marginal increase in
the share of government consumption in GDP. This feature will be important later when we
formally define the supply-side fiscal multiplier, in a manner that makes it comparable to its
8 Note

that for algebraic simplicity in both cases the multiplier is evaluated at the point where there is no
government intervention whatsoever, that is G = 0, τ = 0 (we omit this in the notation for convenience).
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demand-side counterpart. Secondly, as the right-hand side of the above definition highlights,
the magnitude of ϕ d , and especially whether or not it is above one, depends crucially on crowding out/in of private consumption, given by the term

dc
dG .

Given the definition of consumption

function in Lemma 1, we can write it as:
∂c dp ∂c dx
dc
=
+
.
dG ∂p dG ∂x dG
From Lemma 1 we know that
its efficient level x∗ , and so

dx
dG

∂c ∂c
,
∂p ∂x

(17)

< 0. Further, in a competitive equilibrium x is fixed at

= 0 and private consumption is crowded in (out) iff

Similarly, in a fixprice equilibrium p is fixed at a parameter p0 , and so
consumption is crowded in (out) iff

dx
dG

dp
dG

dp
dG

< (>)0.

= 0 and private

< (>)0.

Definition 4. The supply-side fiscal multiplier ϕ s (x) is given by:
ϕ s (x) ≡

dZ/Z
1 dc
=−
.
d[−τ]
c dτ

Notice that we define the supply side multiplier s the growth rate in GDP associated with a
marginal decrease in the rate of tax firms’ payroll bill. This in order to make it comparable to
the demand-side fiscal multiplier, which, as established above, can be represented as growth
rate of GDP associated with a marginal change in the share of government consumption in
GDP. Also, similarly to the demand-side multiplier, it can be easily established that following
a marginal decrease in τ in a competitive equilibrium private consumption is crowded in (out)
dp

dx
iff − dτ < (>)0; in a fixprice equilibrium private consumption is crowded in (out) iff − dτ
< (>)0.

4.2

Competitive equilibrium multipliers

We first derive the fiscal multipliers in a competitive equilibrium, where, as argued before, p
and w are free to adjust to ensure that tightness stays at its efficient level x = x∗ while equilibrium conditions are satisfied.
Proposition 1. In a competitive equilibrium, the demand-side and the supply-side fiscal multipliers
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are equal and given by:
ϕ∗ =

α
∈ [0, 1].
1+ψ

Proof. Appendix E.
Several points are important to note. Firstly, in a competitive equilibrium, the demandside and supply-side multipliers are equal, implying that a policymaker only interested in the
value of the fiscal multiplier should be indifferent between the two. However, although ϕ ∗
is identical and between zero and one for both fiscal policy instruments, under demand-side
dc
dc
fiscal policy consumption is crowded out ( dG
< 0), whereas it is crowded in (− dτ
> 0) under

supply-side policy.
Secondly, as established earlier, s ≡

1
ψ

and |d | ≡

1
1−α

so the competitive equilibrium mul-

tiplier is determined exclusively by the relative elasticities of labor supply and demand. In
particular, as ψ → ∞ labor supply becomes perfectly inelastic and ϕ ∗ → 0. This is intuitive, as
when the ratio of ”queue” length to ”shop” size is to be kept at the efficient level and the ”shop”
size is fixed, the only way to accommodate the extra government customers in the queue is
for the price to increase to the point where private customers in the queue are crowded-out
one-for-one. Similarly, labor subsidies that stimulate the shop to grow by hiring more people
will simply result in higher wages, and no change in employment, consumption when labor
supply is perfectly inelastic and tightness is to be kept at the efficient level.
On the other hand, when α = 1 and ψ = 0, we are left with perfectly elastic labor demand
and supply and ϕ ∗ = 1. In this case any extra queue length coming from government customers
will be accommodated by more employment and growing ”shop” size, with no consumption
crowded out and tightness kept at the efficient level. Any labor subsidies would leave wages
unchanged and increase the supply of labor and hence of goods; the latter increases the size of
the shop and the only way to keep tightness at the efficient level is for the price to fall leading
to a pure one-for-one crowd-in of private customers into the queue.
One can therefore also think of the competitive equilibrium multiplier as a measure of
flexibility of the labor market. In particular, more elastic labor demand (α ↑) and more elastic
labor supply (ψ ↓) correspond to higher ϕ ∗ .
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4.3

Fixprice equilibrium multipliers

Before establishing the fiscal multipliers for a generic fixprice equilibrium, we make an intermediate stop and solve the problem for the particular case with fixed capacity, which can be
though of as the special case of our problem with perfectly inelastic labor supply (ψ → ∞). As
we will see later, the solution to the problem has useful properties that can be used to study
fiscal multipliers associated with the unrestricted problem.
Lemma 6. Define the fixed capacity fiscal multiplier θ(x) to be the demand-side fiscal multiplier in
a fixprice equilibrium under fixed labor supply, so that
dZ
|
dG ψ→∞

θ(x) ≡
then θ(x) has the following properties:




(−∞, 0),






θ(x) = 
0,







(0, 1),
θ 0 (x) < 0,

if

x ∈ (x∗ , xm )

if

x = x∗

if

x ∈ (0, x∗ )

∀x ∈ (0, xm ),

where xm is given by f (xm ) = ρxm . Proof. Appendix F.
The exact closed-form solution for θ(x) is available in Appendix F, here we instead focus
on the intuition. Several points are worth noting. Firstly, in an efficient fixprice equilibrium
(x = x∗ ), the First Welfare Theorem applies, and the fixed capacity fiscal multiplier has the same
∗
value as in the competitive equilibrium under ψ → ∞, namely, zero (θ(x∗ ) = ϕψ→∞
= 0). As in

a competitive equilibrium with ψ → ∞, the only way extra demand in the form of government
spending can be accommodated under fixed labor supply and fixed price is by crowding out
private consumption, which in this case happens via an increase in tightness. Moreover, in
an efficient fixprice equilibrium the crowding out of consumption is exactly one-for-one, as
the increase in tightness does not increase supply in the goods market, which is already at its
maximum given the fixed capacity.
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Secondly, in a slack fixprice equilibrium, x ∈ (0, x∗ ), extra demand from government spending is again accommodated via higher tightness and hence crowding out of consumption,
which is, however, less than one-for-one as higher tightness increases supply, as the higher
probability of selling effect dominates the effect of having to satisfy the higher matching wedge.
Thirdly, in a tight fixprice equilibrium, x ∈ (x∗ , xm ), on the other hand, consumption is
crowded out more than one for one, as the following the increase in tightness, the supply in
the goods market shrinks as the higher matching wedge effect dominates.
Having defined and discussed the properties of the fixed capacity fiscal multiplier, we are
now ready to derive the expression for the demand-side fiscal multiplier in a generic fixprice
equilibrium. The latter is done formally in the following proposition:
Proposition 2. In a fixprice equilibrium, the demand-side fiscal multiplie ϕ d (x) is given by
ϕ d (x) =

ϕ∗
|{z}

+

State-invariant component

where ϕ ∗ =

α
1+ψ

θ(x) × (1 − ϕ ∗ )
|
{z
}

,

State-dependent component

is the competitive equilibrium multiplier. Hence, ϕ d (x) ∈ (−∞, 1] and

dϕ d (x)
dx

<

0, ∀x ∈ (0, xm ). Proof. Appendix.
Several points regarding the demand-side fiscal multiplier are worth noting. Firstly, it can
be represented as a sum of a state-invariant component, given by the competitive equilibrium multiplier ϕ ∗ , and a state-dependent component that is function of the underlying goods
market tightness. Moreover, in the very special case that the fixprice equilibrium is efficient
(x = x∗ ), the state-dependent component drops out the fixprice demand-side multiplier collapses to its competitive equilibrium counterpart, or ϕ d (x∗ ) = ϕ ∗ .
Secondly, from the properties of θ(x) it follows that in a fixprice equilibrium the demandside fiscal multiplier lies between negative infinity and one and falls in tightness on its whole
domain. Hence, government expenditure always crowds out private consumption and does
that more strongly when tightness is higher. The latter is shown graphically in the upper
panel of Figure 6. In order to understand the intuition behind the above result, let us return
to the informal ”shop” and ”queue” narrative. A low tightness environment is akin to a very
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Figure 6: Fiscal multipliers in a fixprice equilibrium
(a) Demand-side fiscal multiplier ϕ d (x)

(b) Supply-side fiscal multiplier ϕ s (x)

Notes: Panels (a) and (b) show demand-side and supply side fiscal multipliers in a fixprice equilibrium of a calibrated version of our model (α = 0.3, δ = 2, ρ = 0.1, ψ = 0.2) for values of goods
market tightness in (0, 14 xm ) (to avoid extreme values as x gets closer to xm ); Panel (a) shows that
the demand-side fiscal multiplier φd (x) starts at one when x = 0, then strictly falls in goods market
tightness, and turns negative after x = x̂; Panel (b) shows that the supply-side fiscal multiplier φs
starts at zero when x = 0, the strictly rises in tightness, tending to infinity as x → xm .
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short queue for a given size of the shop. When the government implements demand-side fiscal
expansion by sending its customers to join a very short queue, it does not make the shop much
more crowded and hence achieves a relatively high multiplier by not crowding out too many
private customers. On the other hand, in a high tightness environment the government send
customers to join an very crowded shop, which ends up crowding out more private customers
and delivers a low multiplier. Moreover, under sufficiently large goods market tightness, the
demand-side multiplier turns negative, as if formally established later.
Thirdly, from Proposition 2 one can also see that the demand-side multiplier in a fixprice
equilibrium is a convex combination between one and the fixed capacity fiscal multiplier, with
the weights given by (ϕ ∗ , 1 − ϕ ∗ ). We have already established that θ(x) can be thought of as the
demand-side fiscal multiplier under perfectly inelastic labor supply (ψ → ∞). The multiplier
of one, on the other hand, can be thought of as the demand-side multiplier under perfectly
elastic labor demand and supply. Hence the demand-side multiplier in a fixprice equilibrium
is a convex combination between demand-side multiplier under perfectly elastic labor market
and perfectly inelastic labor market.
Finally, it also follows that ϕ d (x) ≥ θ(x) on the whole domain, with equality achieved only
in the special case when ϕ ∗ = 0, corresponding to the perfectly inelastic labor market. The
reason for extra edge of the demand-side fiscal multiplier over the fixed capacity multiplier
comes from the fact that in the former case the higher tightness coming from the government
spending increases the probability of selling a produced good, encouraging more labor demand
for every wage level and increasing aggregate supply for every level of tightness. The latter
makes the increase in tightness less pronounced, thus decreasing the amount of crowding out.
Naturally, the above effect is absent when the labor supply is perfectly inelastic, in which case
ϕ d (x) collapses to θ(x).
A natural question to ask is whether the labor market can ever be sufficiently elastic to
always generate enough aggregate supply response to avoid more than one-for-one crowding
out of private consumption and the corresponding negative demand-side multiplier. Unfortunately, the answer is no. Below we formally establish that regardless of the elasticity of the
labor market there always exists a sufficiently high tightness inside the domain that drives the
demand-side multiplier negative.
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Corollary 1. There always exists tightness x̂ ∈ [x∗ , xm ) such that ϕ d (x̂) = 0 and ϕ d (x) < 0, ∀x ∈
(x̂, xm ), and it is given by:
x̂ = θ
where

∂x̂
∂ϕ ∗

−1

!
ϕ∗
−
,
1 − ϕ∗

(18)

> 0. Proof. Appendix.

The only reassuring thing is that the more elastic the labor market is, the higher is the
tightness threshold beyond which the demand-side multiplier is negative. Also recall that in
Lemma 5 we established that in a fixprice equilibrium tightness increases following positive
demand-side shocks or negative supply-side shocks. We can reformulate Corollary 1 by saying
that the demand-side multiplier can always be driven into the negative territory either under
a sufficiently strong demand-driven overheating or a sufficiently severe supply-side recession.
An interesting exercise that we leave to future work would be to estimate a dynamic extension
of our framework and see whether any of the major advanced economies ever experienced a
sufficiently strong demand-side overheating/supply-side recession that would make the multiplier associated with government expenditure negative.
Having discussed the demand-side fiscal multiplier, we now turn our attention to the supplyside multiplier in a fixprice equilibrium. In particular, ϕ s (x) can be formally expressed as
follows:
Proposition 3. In a fixprice equilibrium, the supply-side fiscal multiplier ϕ s (x) is given by
ϕ s (x) =

ϕ∗
|{z}

−

State-invariant component

where ϕ ∗ =

α
1+ψ

θ(x) × ϕ ∗
| {z }

,

State-dependent component

is the competitive equilibrium multiplier. Hence, ϕ d (x) ∈ (0, +∞) and

dϕ d (x)
dx

>

0, ∀x ∈ (0, xm ). Proof. Appendix.
Note that just like its demand-side counterpart, the supply-side multiplier is a sum of the
state-invariant component, given by the competitive multiplier ϕ ∗ , and the state-dependent
component that is function of the underlying goods market tightness. Just as before, in the very
special case that the fixprice equilibrium is efficient (x = x∗ ), the state-dependent component
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drops out and the supply-side fiscal multiplier collapses to its competitive equilibrium value,
or ϕ s (x∗ ) = ϕ ∗ .
Secondly, it follows from Proposition 3 and the properties of θ(x) that the supply-side fiscal multiplier is positive on the whole domain and increases in the underlying goods market
tightness. Therefore, supply-side fiscal policy always crowds in consumption and does that
more strongly whenever the goods market is more tight. The latter is summarised graphically
in the bottom panel of Figure 6. Supply-side fiscal policy in the form of cutting the rate of
payroll tax encourages more labor demand for every level of the wage, which in turn shifts
out the aggregate supply curve and makes goods market tightness lower, lowering the search
wedge and encouraging more consumption. Intuitively, it makes the ”shop” larger and hence
less crowded, thus encouraging more private consumption. Moreover, the more crowded the
shop is initially, the more effective is increasing the size of the shop in terms of encouraging
private consumption.
So far the key difference that we have established between the demand- and supply-side
multipliers in a fixprice equilibrium is that (i) the former is always below one and can be both
positive and negative, whereas the latter is always positive; and (ii) the demand-side multiplier
always falls in tightness, whereas the supply-side multiplier always rises in tightness. In order
to further understand the relationship between the two types of multipliers, it is useful to note
the following link between the two:
Corollary 2. In a fixprice equilibrium, the demand-side and supply-side fiscal multipliers are related
as
ϕ d (x)
|{z}
Demand-side multiplier

=

θ(x)
|{z}
Fixed capacity multiplier

+

ϕ s (x)
|{z}

,

Supply-side multiplier

so that the demand-side multiplier is higher in slack equilibria, lower in tight equilibria and exactly
equal to the supply-side multiplier in an efficient fixprice equilibrium. Proof. Appendix.
As established earlier, in the very special case that the fixprice equilibrium is efficient (x =
x∗ ), we know that θ(x∗ ) = 0 and thus ϕ d (x∗ ) = ϕ s (x∗ ) = ϕ ∗ . In a tight equilibrium, θ(x > x∗ ) < 0
and thus ϕ d (x) < ϕ s (x); in other words, whenever the shop is very crowded, making the shop
larger is a more effective policy than making the queue longer. Similarly, in a slack equilibrium,
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θ(x < x∗ ) > 0 and thus ϕ d (x) > ϕ s (x); intuitively, whenever the shop is relatively empty, lengthening the queue with government customers has a larger effect on GDP than incentivising the
shop to grow by cutting payroll taxes.
The intuition behind the relationship established in Corollary 2 is as follows. In terms of
its effect on GDP, demand-side fiscal policy can be thought of as a combination of the effect
of spending on GDP, holding capacity fixed (equivalent to θ(x)) and the effect of spending on
GDP through higher capacity (equivalent to ϕ s (x)). Indeed, when the government makes visits
to make its purchases it directly increases GDP through increasing G, but it also mechanically
raises tightness, which increases the probability of selling every unit of capacity and thus acts
as a sales subsidy, which is isomorphic to a cut in the rate of payroll tax.

4.4

Austerity multipliers

One would think that for a fiscal policymaker only interested in the size of the multiplier, Corollary 2 gives a complete recipe for the optimal type of fiscal policy to use depending on the underlying tightness of the goods market. Indeed, it would suggest using government spending
whenever the goods market is slack and cuts in payroll taxes (or other isomorphic supply-side
policies) whenever the goods market is tight. However, this is not necessarily true. The reason
is that in addition to the options of increasing government spending and cutting payroll taxes,
the fiscal policymaker also has the mirror options, namely spending austerity and increased
payroll taxation, at her disposal. The above policies have multipliers of [−ϕ d (x)] and [−ϕ s (x)]
respectively associated with them. It is immediately obvious that there is no tightness in the
domain such that the increased payroll taxation multiplier [−ϕ s (x)] has the highest value out
of the four options, as it is always below zero being the negative of [ϕ s (x)], which is positive on
the whole domain.
However, things are slightly more subtle when it comes to the spending austerity multiplier [−ϕ d (x)]. From Corollary 1 we remember that there always exists a tightness threshold x̂
beyond which ϕ d (x) is negative, which mechanically makes the spending austerity multiplier
positive in the same region. But can it be sufficiently positive to be higher than ϕ s (x)? In other
words, can the shop be so crowded that it becomes preferable for GDP to start removing people
from the queue instead of trying to make the shop bigger? Below we formally show that the
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answer is yes, as long as the labor market is sufficiently inelastic:
Corollary 3 (Austerity Threshold). Suppose that elasticities of labor demand and labor supply are
sufficiently low so that ϕ ∗ < 0.5; then there always exists tightness x̃ ∈ [x̂, xm ) such that:
−ϕ d (x) > ϕ s (x) > ϕ d (x),
Furthermore, x̂ is given by:
x̃ = θ
and hence

d x̃
dϕ ∗

−1

!
2ϕ ∗
−
,
1 − 2ϕ ∗

∀x ∈ (x̃, xm ).

ϕ ∗ < 0.5

> 0. Proof. Appendix.

As one can see diagrammatically in Figure 7, if the labor market is sufficiently inelastic
(ϕ ∗ < 0.5), then provided the fixprice equilibrium has tightness above the Austerity Threshold x̃,
the multiplier associated with spending austerity exceeds the multiplier associated with spending increases and and the supply-side multiplier. Note that x̃ ≥ x̂, so that reaching the Austerity
Threshold generally requires an even more severe demand-side overheating or a supply-side
recession than to simply make the government spending multiplier negative. It would be another interesting exercise for future research to estimate whether the Austerity Threshold exists
for advanced economies, and if so, whether any of the observed recession and boom episodes
were of sufficient nature and strength to justify spending austerity.

4.5

Are fiscal multipliers higher in recessions?

We now link our results to the recent literature on cyclicality of multipliers that has so far
been mainly empirical in nature. In particular, several recent empirical papers have tried
answering the question of whether demand-side multipliers (Auerbach and Gorodnichenko,
2013; Ramey and Zubairy, 2018) and supply-side multipliers (Ziegenbein, 2017) vary over the
business cycle.
Our first set of results in this section were for a competitive equilibrium, and here it is
trivial that both the demand-side and the supply-side fiscal multipliers are acyclical as both
are fixed at ϕ ∗ :
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Figure 7: Comparing fiscal multipliers in a fixprice equilibrium
(a) Inelastic labor market (ϕ ∗ < 0.5)

(b) Elastic labor market (ϕ ∗ > 0.5)

Notes: Panels (a) and (b) show demand-side, supply-side and spending austerity multipliers in a
fixprice equilibrium of a calibrated version of our model (δ = 2, ρ = 0.1, ψ = 0.2); in Panel (a) we set
α = 0.3, so that the elasticity of labor demand is relatively low and ψ ∗ = 0.25 < 0.5 – in this case
one can see that Austerity Threshold x̃ exists, and for all x ∈ (x̃, xm ) spending austerity is the policy
with the highest multiplier; in Panel (b) we set α = 0.65 so that labor demand is relatively elastic and
φ∗ = 0.57 > 0.5 – in this case, Austerity Threshold does not exist and spending austerity is never the
policy with the highest multiplier.
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Corollary 4. In a competitive equilibrium, both demand-side and supply-side multipliers are acyclical.
In a competitive equilibrium, tightness remains fixed at x∗ in response to both supply-side
and demand-side shocks, as well as both types of fiscal intervention. Intuitively, the shop is
always crowded to the same extent, and the degree of crowding out/in coming from demandside/supply-side fiscal policy always remains the same.
In a fixpirce equilibrium, on the other hand, adjustment happens via tightness (and wages),
with positive demand-side shocks (χ ↑) and negative supply-side shocks (a ↓) increasing tightness and vice versa for negative demand-side and positive supply-side shocks, as established
in Lemma 5. From Proposition 5 we know that the demand-side fiscal multiplier strictly falls
in tightness, which allows us to make the following statement about the cyclicality of ϕ d (x):
Corollary 5. In a fixprice equilibrium, the demand-side fiscal multiplier ϕ d (x) is countercyclical
under demand-side fluctuations and procyclical under supply-side fluctuations.
Therefore, spending multiplier is high in demand-side recessions (χ ↓) and supply-side expansions (a ↑). Intuitively, a demand-side recession is making the shop less crowded by cutting the
length of the queue, whereas a supply-side expansion makes the shop less crowded by making
it bigger; in either case, the government customers enter a not very crowded shop and thus do
not crowd out a lot of private customers.
Similarly, we know from Proposition 3 that the supply-side fiscal multiplier strictly increases in tightness, which allows us to make the following statement about the cyclicality of
ϕ s (x):
Corollary 6. In a fixprice equilibrium, the supply-side fiscal multiplier ϕ s (x) is procyclical under
demand-side fluctuations and countercyclical under supply-side fluctuations.
The above implies that the multiplier associated with supply-side fiscal policy is high in
supply-side recessions (a ↓) and demand-side expansions (χ ↑). Intuitively, supply-side recessions
shrink the size of the shop, whereas demand-side expansions lengthen the queue; in either
case, the shop get crowded and GDP benefits significantly from the shop getting bigger due to
supply-side fiscal policy.
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It is imperative to note that all of our cyclicality results depend crucially on the type of
shocks that generate recessions and expansions. The empirical literature on state-dependence
in fiscal multipliers, however, has so far ignored this conditioning. For example, Ramey and
Zubairy (2018) and Ziegenbein (2017) distinguish between recessions and expansions with an
unconditional unemployment threshold; Auerbach and Gorodnichenko (2013) employ smooth
state transition based on the unconditional rate of economic growth. In the empirical part of
our paper we will explicitly incorporate conditioning on specific shocks when testing for statedependence of multipliers. Before moving to empirical analysis, however, we will show that
a lot of the results above can still hold under much more general settings, and not just in the
polar equilibrium types that we have considered so far.

5

Fiscal multipliers: (more) general cases

In this section we show that the results derived earlier hold in much more general settings. In
particular, we introduce the class of flexible equilibria, which is a superset of the competitive
equilibria. We then show that in any flexible equilibrium that has tightness fixed over the
business cycle, both demand-side and supply-side multipliers are equal and acyclical, just
like in the competitive equilibrium. On the other hand, we show that the cyclicality results
established under fixprice equilibria extend to the more general class of frictional equilibria,
where part of the adjustment happens via tightness.

5.1

Flexible equilibria multipliers

In the previous section we started off be considering a competitive equilibrium, where tightness was fixed at the efficient level x∗ and all adjustment happened via prices and wages. However, this is not the only way to pin down tightness. Below we consider two common alternatives found in search-and-matching literature (Nash bargaining, fixed markup pricing), before
introducing a much more general Tightness Determination Mapping (TDM).
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5.1.1

Nash barganing

One alternative, very common in the search-and-matching literature, is to consider Nash bargaining over the price between consumers and firms in order to get an extra equilibrium condition needed to close the model. In our case, the surplus to consumers from buying an additional
unit of the produced good at price p̃ after a match is made is given by:
B(p̃) =

χ
− p̃,
c

whereas the firms’ surplus from selling an extra unit at price p̃ is
S(p̃) = p̃ − pf (x).
Assuming the consumers’ bargaining power is given by β ∈ (0, 1), the solution to Nash bargaining is given by:
(1 − β)S(p) = βB(p).
Combining the above with agents’ optimality conditions obtained earlier, one gets:
1−β
γ(xL )
=
,
β
1 − f (xL )

dxL
< 0.
dβ

(19)

As one can see, the condition above pins down tightness at x = xL , and we can even get the
equivalent of the Hosios (1990) condition for the bargaining power β ∗ that delivers the socially
efficient allocation, β ∗ =
5.1.2

1
γ(x∗ ) .
1+ 1−f (x∗ )

Fixed markup pricing

An alternative way to pin down tightness is to assume that the equilibrium price p is set as a
fixed markup over the marginal cost, so that:
p = µ × mc,
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(20)

where µ ≥ 1 is a markup parameter and mc is the marginal cost. From firms’ optimisation
problem one gets that the effective selling price pf (x) is set equal to the marginal cost:
pf (x) = mc.

(21)

Combining the above two equations one gets the following condition for pinning down the
level of tightness:
1
f (x ) = ,
µ
L

dxL
< 0.
dµ

(22)

As before, the equivalent of the Hosios (1990) condition here is the markup µ∗ that delivers the
socially efficient allocation, namely µ∗ =
5.1.3

1
.
f (x∗)

Generalisation: Tightness Determination Mapping

In fact, the above approaches to pinning down tightness can be generalised by introducing the
notion of a Tightness Determination Mapping (TDM):
Definition 5. A Tightness Determination Mapping (TDM) M is given by:
M:

n
o
ΩM , ΩS , ΩT → xL ,

(23)

where ΩM = {ρ, γ, ψ, α} is the set of model structural parameters, ΩS = {χ, a, G, τ} is the set of shock
parameters, ΩT is the set of parameters specific to the TDM and xL is the resulting tightness. Further,
a TDM M is said to be shock invariant if and only if


dM ΩM , ΩS , ΩT
d s̃

= 0,

∀s̃ ∈ ΩS .

(24)

so that changes in shock parameters do not affect the determination of tightness.
It is easy to see that the TDM used in the competitive equilibrium is simply xL = x∗ . Also,
Nash bargaining is a particular TDM with ΩT = {β}, which pins down tightness according
to

1−β
β

=

γ(xL )
;
1−f (xL )

similarly, fixed markup pricing is a TDM with ΩT = {µ}, which pins down

tightness according to f (xL ) = µ1 . Note that all of the above are also shock invariant TDMs, as
none of the shock parameters enter the conditions that pin down the level of tightness.
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We can now define a class of flexible equilibria that is a superset of the competitive equilibrium considered before:
Definition 6. A flexible equilibrium is a vector (pL , wL , M), and associated allocations, such that the
agents’ optimality conditions and the market clearing conditions are satisfied with tightness pinned


down at a level xL = M ΩM , ΩS , ΩT .
Clearly, the competitive equilibrium considered earlier is just a flexible equilibrium with
xL = x∗ as the TDM. In fact, it can be shown that all of the comparative statics results established for the competitive equilibrium in Lemma 4 hold in the exact same way for any flexible
equilibrium with a shock invariant TDM.
Of our particular interest, however, is the fact that all the results that we established for
demand-side and supply-side fiscal multipliers under the competitive equilibrium remain true
for any flexible equilibrium with a shock invariant TDM:
Proposition 4. In any flexible equilibrium generated by a shock-invariant TDM, the demand-side
fiscal multiplier and the supply-side fiscal multiplier are equal and given by:
ϕ∗ =

α
∈ [0, 1].
1+ψ

Proof. Appendix.
In other words, any equilibrium where tightness remains fixed over the business cycle will
have demand-side and supply-side fiscal multipliers both fixed at ϕ ∗ and acyclical.

5.2

Frictional equilibria multipliers

As an alternative to the competitive equilibrium, last section considered a fixprice equilibrium,
where all adjustment is happening via tightness and wages. Here we start off by considering
a slightly more general rigid price equilibrium, that allows for an arbitrary degree of price
rigidity and nests fixprice equilibrium as a special case. Subsequently, we introduce a much
more general notion of a Frictional Mapping (FM).
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5.2.1

Rigid price equilibrium

A rigid price equilibrium is formally introduced as:
Definition 7. A rigid price equilibrium is a vector (p0 , x, w, ε, M), and associated allocations, such
that the agents’ optimality conditions and the market clearing conditions are satisfied with price
given by:
p = (p0 )ε (pL )1−ε ,

ε ∈ (0, 1]

where ε is the degree of price rigidity and p0 is a parameter and pL is the price from the flexible
equilibrium (pL , wL , M).
Clearly, the fixprice equilibrium is just a special case under ε = 1. In fact, a non-fixprice
rigid price equilibrium (p0 , x, w, ε, M) where M is a shock invariant TDM shares a lot in common with the corresponding fixprice equilibrium. Particularly, the comparative statics to
demand-side and supply-side shocks are given by:
Lemma 7. In a non-fixprice (ε ∈ (0, 1)) rigid price equilibrium (p0 , x, w, ε, M) where M is a shock
invariant TDM, the following are the comparative statics of tightness (x), sales (y) and the price (p):
dy
dp
dx
> 0,
> 0,
> 0;
dχ
dχ
dχ

dy
dp
dx
< 0,
> 0,
<0
da
da
da

Proof. Appendix.
As one can see, the only difference compared to a fixprice equilibrium is that the price
co-moves with tightness and supply-side shocks have an effect on the level of sales.
Of a greater interest to us, however, are the properties of fiscal multipliers under rigid price
equilibria. The following proposition establishes the demand-side multiplier is a rigid price
equilibrium:
Proposition 5. In a rigid price equilibrium (p0 , x, w, ε, M), where M is a shock invariant TDM, the
demand-side fiscal multiplier ϕ d (x) is given by
h
i
ϕ d (x) = ϕ ∗ + θ(x) × (1 − ϕ ∗ ){1 − (1 − ε)g(x, xL )}
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where ϕ ∗ =

α
1+ψ

is the flexible equilibrium multiplier and the function g(x, xL ) is given by:
g(x, xL ) =

Hence, ϕ d (x) ∈ (−∞, 1] and

dϕ d (x)
dx |x=xL

f (x) − ρx
.
f (xL ) − ρxL

< 0. Proof. Appendix.

Note that for ε = 1 the expression above collapses back to the fixprice equilibrium demandside multiplier from Proposition 2. We can also see that the rigid price equilibrium demandside multiplier above maintains a lot of the properties of its fixprice equilibrium counterpart.
In particular, it also collapses back to ϕ ∗ if the equilibrium tightness happens to coincide with
the socially efficient one (x = x∗ ), it also lies between −∞ and one, so that consumption always
gets crowded out; it is also guaranteed to fall in tightness, although only in the neighbourhood of the corresponding flexible equilibrium allocation. The role played by ε here is in
determining the relative magnitude of the state-dependent component. The upper panel of
Figure 7 (drawn for simplicity under xL = x∗ ) shows that as the degree of price rigidity ε falls,
the multiplier becomes flatter around x∗ at the level equal to ϕ ∗ suggesting that the degree of
state-dependence falls as well.
Similarly, one can derive the supply-side multiplier under rigid price equilibrium:
Proposition 6. In a rigid price equilibrium (p0 , x, w, ε, M), where M is a shock invariant TDM, the
supply-side fiscal multiplier ϕ s (x) is given by
ϕ s (x) = ϕ ∗ − θ(x) × εϕ ∗ ,
where ϕ ∗ =

α
1+ψ

is the long-run equilibrium multiplier. Hence, ϕ d (x) ∈ (0, +∞) and

dϕ d (x)
dx

> 0, ∀x ∈

(0, xm ). Proof. Appendix.
Again, under ε = 1 the expression above collapses back to the fixprice equilibrium supplyside multiplier. One can see that the expression above shares every single property with the
fixprice equilibrium counterpart, the only difference being the magnitude of state-dependence,
which increases in the degree of price rigidity ε, as shown in the bottom panel of Figure 7
(again, for simplicity drawn for xL = x∗ ).
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Figure 8: Fiscal multipliers in a rigid price equilibrium
(a) Demand-side fiscal multiplier ϕ d (x)

(b) Supply-side fiscal multiplier ϕ s (x)

Notes: Panels (a) and (b) show demand-side and supply-side fiscal multipliers in a rigid price equilibrium of a calibrated version of our model (α = 0.3, δ = 2, ρ = 0.1, ψ = 0.2, xL = x∗ ). Panel (a) shows
demand-side fiscal multipliers for different values of the price rigidity parameter ε – one case see that
φd (x) strictly falls in tightness for all considered values of ε, but the degree of state-dependence rises
in the degree of price rigidity; in Panel (b) we can see that the supply-side fiscal multiplier strictly
rises in tightness for all values of ε considered, but again the degree if state-dependence falls as we
allow for more price flexibility.
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5.2.2

Generalisation: Frictional Mapping

One can in fact show that the properties of fiscal multipliers that we have established for the
rigid price equilibrium hold more generally, and not for the particular parametric form of
frictions that we have considered so far. We generalise our findings by introducing the notion
of a Frictional Mapping:
Definition 8. For a given flexible equilibrium (pL , wL , M), a Frictional Mapping (FM) T is given
by:
n
o
pL , ΩF → pF ,

T :

where ΩF is the set of parameters specific to the FM and pF is the resulting price. Moreover, the
Frictional Mapping T (pL ; ΩF ) is said to be contractionary if and only if
d ln pF dT (pL ; ΩF ) pL
=
∈ [0, 1).
d ln pL
dpL
pF
Having defined a Frictional Mapping (FM), one can now define a frictional equilibrium:
Definition 9. A frictional equilibrium is a vector (pF , xF , wF , T , M), and associated allocations,
such that the agents’ optimality conditions and the market clearing conditions are satisfied with
price given by:
pF = T (pL )
where T is the Frictional Mapping and pL is the price from the flexible equilibrium (pL , wL , M).
Rigid price equilibrium is a special case of a frictional equilibrium for T (z) = (p0 )ε (z)1−ε ,
ΩF = {p0 , ε}, ε ∈ (0, 1]. Further, the above frictional mapping associated with a rigid price
equilibrium is indeed contractionary, since
dT (z; ΩF ) z
= (1 − ε) ∈ [0, 1),
dz
pF
as ε ∈ (0, 1].
We can now derive and discuss properties of demand-side and supply-side multipliers in
a generic frictional equilibrium. Firstly, note that the comparative statics to demand-side and
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supply-side shocks established in a rigid price equilibrium extend to a generic frictional equilibrium generated by a contractionary frictional mapping:


dT (pL ;ΩF ) pL
Lemma 8. In a non-fixprice
, 0 frictional equilibrium (pF , xF , wF , T , M) where T is
dpL
pF
a contractionary FM and M is a shock invariant TDM, the following are the comparative statics of
tightness (x), sales (y) and the price (p):
dy
dp
dx
> 0,
> 0,
> 0;
dχ
dχ
dχ

dy
dp
dx
< 0,
> 0,
<0
da
da
da

Proof. Appendix.
Moreover, one can also solve for the demand-side fiscal multiplier under a generic frictional
equilibrium and see that under certain properties it also falls in tightness:
Proposition 7. In a frictional equilibrium (pF , xF , wF , T , M), where T is a contractionary FM and
M is a shock invariant TDM, the demand-side fiscal multiplier ϕ d (x) is given by
(
)#
T 0 (pL )pL
L
ϕ (x) = ϕ + θ(x) × (1 − ϕ ) 1 −
g(x, x )
T (pL )
"

d

where ϕ ∗ =

α
1+ψ

∗

∗

is the flexible equilibrium multiplier and the function g(x, xL ) is given by:
g(x, xL ) =

Hence, ϕ d (x) ∈ (−∞, 1] and

dϕ d (x)
dx |x=xL

f (x) − ρx
.
f (xL ) − ρxL

< 0. Proof. Appendix.

Similarly, one can also solve for the supply-side fiscal multiplier in a generic frictional equilibrium and establish its properties:
Proposition 8. In a frictional equilibrium (pF , xF , wF , T , M), where T is a contractionary FM and
M is a shock invariant TDM, the supply-side fiscal multiplier ϕ s (x) is given by
!
T 0 (pL )pL ∗
ϕ (x) = ϕ − θ(x) × 1 −
ϕ,
T (pL )
s

∗
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where ϕ ∗ =

α
1+ψ

is the flexible equilibrium multiplier. Hence, ϕ d (x) ∈ (0, +∞) and

dϕ d (x)
dx

> 0, ∀x ∈

(0, xm ). Proof. Appendix.

5.3

Are fiscal multipliers higher in recessions?

Firstly , note that our result of equal and acyclical demand-side and supply-side multipliers in
a competitive equilibrium extends more generally to any flexible equilibrium generated by a
shock-invariant TDM:
Corollary 7. In any flexible equilibrium generated by policy-invariant TDM both demand-side and
supply-side multipliers are acyclical.
In the words, any equilibrium that sees tightness fixed over the business cycle, will see both
multipliers fixed at ϕ ∗ and hence acyclical.
Further, our state-dependence result for the demand-side multiplier in a fixprice equilibrium still holds in any frictional equilibrium as long as the elasticity between frictional and
flexible price is in [0, 1) and the flexible equilibrium around which the friction is defined is
generated by a shock-inariant TDM:
Corollary 8. In any frictional equilibrium generated by a contractionary frictional mapping and a
shock-invariant TDM, in the local neighbourhood of the flexible equilibrium allocation, the demandside multiplier is countercyclical under demand-driven fluctuations, and procyclical under supplydriven fluctuations
Similarly for the supply-side multiplier:
Corollary 9. In any frictional equilibrium generated by a contractionary frictional mapping and a
shock-invariant TDM, in the local neighbourhood of the flexible equilibrium allocation, the supplyside multiplier is procyclical under demand-driven fluctuations, and countercyclical under supplydriven fluctuations
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6

Fiscal multipliers: Dynamic model

6.1

Goods market with long-term customer relationships

In our dynamic model, all sales happen through long-term customer relationships between firms
and both private and government customers. In particular, we denote total number of longterm customer relationships at the end of period t by yt ; long-term customer relationships are
subject to an exogenous destruction rate η per period. At the beginning of period t, firms have
(1 − η)yt−1 relationships that have survived from the previous period; they hire labor nt to yield
current capacity kt = at nαt which they utilize through their relationships carried over from last
period, leaving ut ≡ [kt − (1 − η)yt−1 ] unutilzed. Households and the government make vt visits
in order to form new relationships that fill the unutilzed capacity; however, not every visit is
successful. More formally, the number of new customer relationships formed in a given period
is given by the following matching function:
1

[ut−δ + vtδ ]− δ ,

(25)

where δ > 0 and the matching function ensures that not every unit of unitilized capacity is
filled and not every visit is successful. We now define goods market tightness as xt ≡
− 1δ

the probability of filling a unit of unutilized capacity is given by f (xt ) ≡ (1 + xt−δ )

,

vt
ut ,
f0

and
> 0,
1

whereas the probability of a given visit yielding a new relationship is given by q(xt ) ≡ (1+xtδ )− δ ,
q0 < 0.

6.2

Households

As in the static version of our model, households face cost ρ ∈ (0, 1) of the consumption good
per visit. Therefore, households need to form customer relationships both to consume, and
c
to pay for visits. In particular, at the beginning of period t households have (1 − η)yt−1
re-

lationships that have survived from the previous period; the number of new relationships
c
formed in period t is thus ytc − (1 − η)yt−1
. However, since every visit is only successful with

probability q(xt ), the total number of visits required to form new relationships in period t is
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c
(ytc − (1 − η)yt−1
)/q(xt ), establishing the following expression for ytc :
c #
ytc − (1 − η)yt−1
,
= ct + ρ
q(xt )

"

ytc

(26)

which can be rearranged to obtain a more familiar-looking expression for ytc :
c
ytc = [1 + γ(xt )]ct − (1 − η)γ(xt )yt−1
,

where, as before, γ(xt ) ≡

ρxt
f (xt )−ρx

(27)

is the wedge introduced by search-and-matching frictions.

There is a continuum of identical infinitely lived households. Markets are assumed to be complete, so a full set of Arrow-Debreu securities is available. The representative household is
small relative to the size of the market, and maximises expected discounted lifetime utility,
taking prices, wages and goods market tightness as given:
∞
X

max

c
{ct+s ,yt+s
,mt+s ,Bt+s+1 ,lt+s }∞
s=0

Et
s=0


1+ψ 
1−σ


c
l

β s χt+s t+s + ζ(mt+s ) − t+s 
1−σ
1+ψ



pt ytc + mt + Et Ft,t+1 Bt+1 ≤ wt lt + m̄t + Bt + Πt − Tt ,

c
ytc = [1 + γ(xt )]ct − (1 − η)γ(xt )yt−1
,

s.t.

∀t ≥ 0

∀t ≥ 0.

(28)

(29)

The above optimisation problem yields the following first order conditions for intertemporal
choice of consumption:
"
χt ct−σ

= pt [1 + γ(xt )]ζ

0

−σ
(mt ) − β(1 − η)Et χt+1 ct+1

#
[1 + γ(xt )]
γ(xt+1 ) ,
[1 + γ(xt+1 )]

(30)

as well as for the labor supply and the stochastic discount factor:
ψ

lt = ζ 0 (mt )wt ,

Ft,t+1 = β
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ζ 0 (mt+1 )
.
ζ 0 (mt )

(31)

6.3

Firms

There is a continuum of identical perfectly competitive producing a homogenous good. At the
beginning of period t firms have (1−η)yt−1 customer relationships that have survived from last
period; firms hire labor nt that yields current capacity kt = at nαt , leaving [at nαt − (1 − η)yt−1 ], a
fraction f (xt ) of which is then utilized. The latter gives the following equation of motion for
firms’ sales:
yt = (1 − η)yt−1 + f (xt ) [at nαt − (1 − η)yt−1 ] .

(32)

The representative firm is assumed to be small relative to the size of the market, and so maximizes its lifetime discounted profits taking prices, wages and tightness as given, subject to the
(slightly rearranged) equation of motion of sales:

max

{yt+s ,nt+s }∞
s=0

∞
X

Et

Ft,t+s [pt+s yt+s − wt+s nt+s (1 + τt+s )]

s.t.

s=0

yt = [1 − f (xt )](1 − η)yt−1 + f (xt ) [at nαt ] .

(33)

The above optimisation problem yields the following optimality condition:
#
"
wt+1 (1 + τt+1 )
wt (1 + τt )
pt =
− (1 − η)Et Ft,t+1
[1 − f (xt+1 )] .
αf (xt )at nα−1
αf (xt+1 )at+1 nα−1
t
t+1

6.4

(34)

Government

There is an exogenous sequence for government consumption {Gt }∞
t=0 and payroll taxation
{τt }∞
t=0 . In the baseline version of our model, government consumption is isomorphic to private
consumption, so that the government’s customer relationship evolve as follows:
ytG

 G

G 
 yt − (1 − η)yt−1

= Gt + ρ 
 ,
q(x )

(35)

t

or alternatively
G
ytG = [1 + γ(xt )]Gt − (1 − η)γ(xt )yt−1
.
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(36)

The government levies a lump-sum tax Tt on households to run balanced budgets every period:
Tt = pt ytG − wt nt τt .

6.5

(37)

Equilibrium

The equilibrium in our economy is given by optimality conditions (30), (31), (34), the equations
of motion for customer relationships in (27), (32) and (36) as well as market clearing conditions
in the goods market:
yt = ytc + ytG ,

∀t ≥ 0

(38)

in the labor market:
lt = nt ,

∀t ≥ 0,

(39)

as well as the market for the non-produced good:
m̄t = mt ,

∀t ≥ 0.

(40)

With the market clearing in asset market (Bt = 0) omitted by Walras Law, those give ten equations in eleven endogenous variables {yt , ytc , ytG , lt , nt , ct , mt , xt , pt , wt , Ft,t+1 }∞
t=0 . Just like in the
static model, this indeterminacy is characteristic of models with search-and-matching frictions.
Recall that in the previous section we introduced the broad classes of flexible and frictional
equilibria, which differ in the way the model is closed. We are going to follow a similar approach in our dynamic model. As an example of a flexible equilibrium, we will consider our
equilibrium conditions augmented with equation for Nash bargaining for the price of the produced good, given by:
(1 − ω)S(p̃t ) = ωB(p̃t ),

∀t ≥ 0

(41)

where S and B are the surpluses at price p̃t for firms and households respectively, and ω ∈ (0, 1)
is the relative bargaining power of the firms.9 Closing our model with pricing equation pt = p̃t
gives an example of a flexible equilibrium of our model.
9 Full

solution for the Nash bargained price is available in the Appendix.
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As an example of a frictional equilibrium, we close our model with a pricing equation that
describes persistent adjustment to the Nash bargained price p̃t :
ε
pt = pt−1
p̃t1−ε ,

∀t ≥ 0

(42)

where ε ∈ (0, 1] pins down the degree of price rigidity.

7

Empirical evidence (work in progress)

In this section we aim to provide empirical assessment of our model, and shed some light on
the current debate in the empirical literature on state dependence in fiscal multipliers. Firstly,
we draw on existing empirical evidence that suggests that the US goods market tightness varies
over the business cycle. The latter indicates that frictional, as opposed to flexible, equilibria
offer a better representation of the US economy at business cycle frequencies. Combined with
evidence that the US business cycle is mostly demand-driven, we reconcile existing evidence
on countercyclical spending multipliers and procyclical tax multipliers. Secondly, we construct novel conditional state-dependent fiscal multipliers that evaluate variations in the size of
multipliers conditional on a particular (type of) shock driving the business cycle.

7.1

Flexible or frictional equilibrium?

Recall that in the previous section we distinguished between two broad equilibrium types:
flexible (generated by a shock invariant TDM), where tightness remains fixed over the business
cycle and multipliers are acyclical; and frictional, where (part of the) adjustment happens via
tightness and fiscal multipliers are state dependent.
Figure 9 plots time series of (the cyclical component of) US goods market tightness, as
constructed by Michaillat and Saez (2015). The details of how it is constructed are available in
their paper, but the measure is based on the level of capacity utilisation in the economy. As one
can see, goods market tightness shows significant variation over time, suggesting the frictional
equilibrium is a better description of US data at business cycle frequencies. Moreover, one
can also see from Figure 8 that the cyclical components of goods market tightness and sales
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Figure 9: Cyclical components of US goods market tightness and sales

Source: Michaillat and Saez (2015).

strongly co-move. Recall that our theory predicts that the above co-movement happens when
business cycle fluctuations are primarily driven by demand-side shocks.
The above finding that frictional equilibria are more appropriate and that fluctuations are
mainly demand-driven allows us to make predictions above the nature of cyclicality of fiscal
multipliers. In particular, looking at unconditional data, one should find that demand-side
multipliers are countercyclical and supply-side multipliers are procyclical. The latter prediction for the supply-side multiplier exactly matches the evidence on taxation multipliers in
Ziegenbein (2017). As for the demand-side multiplier, most studies find that it is either indeed
countercyclical (Auerbach and Gorodnichenko, 2013; Fazzari et al., 2015) or varies between
being acyclical or mildly countercyclical depending on how spending shocks are identified
(Ramey and Zubairy, 2018).

7.2

Conditional state-dependent fiscal multipliers

Evidence outlined in the previous subsection points to frictional equilibria as a better description of economies at business cycle frequencies. Further, as established in the previous section,
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under frictional equilibria (generated by a contractionary frictional mapping), fiscal multipliers are state-dependent with their cyclicality determined by the type of shocks that drive the
business cycle. In particular, conditional on demand-driven fluctuations, demand-side multipliers are countercyclical and supply-side multipliers are procyclical; conditional on supplydriven fluctuations, the exact opposite holds.
The above conditioning on the source of business cycle fluctuations, however, has so far
been ignored in the empirical literature on state-dependence of fiscal multipliers. In particular,
Ramey and Zubairy (2018) and Ziegenbein (2017) distinguish between recession and expansions with an unconditional unemployment threshold, whereas Auerbach and Gorodnichenko
(2013) employ smooth state transition based on the unconditional rate of economic growth.
Here we aim to explicitly control for the source of business cycle fluctuations and test for
conditional state dependence of fiscal multipliers. In order to do that for the demand-side
multiplier, we adapt the one-step IV procedure from Ramey and Zubairy (2018) to estimate
state-dependent spending multipliers, conditional on a particular shock preceding the spending shock:
t+H
X

Yi,s = αi + β

s=t

where

Pt+H
s=t

Yi,s and

t+h
X
s=t

Pt+H
s=t

t+H

X

Gi,s + γ 
Gi,s  × shocki,t−k + δzi,t−1 + εi,t+H ,

(43)

s=t

Gi,s are, respectively cumulative GDP and government spending in

country i at between periods t and t + H; shocki,t−k is an identified exogenous shock (for example, monetary, technology or oil) in country i at time t − k where k > 0 is calibrated; zi,t−1
are country-level controls. Note that we allow for country-specific intercepts at every horizon but homogenise all other coefficients across countries at all horizons. The above equation
is estimated by IV, where the instrument set includes a measure of exogenous government
spending shocks (for example, Blanchard-Perotti (2002) shocks, or narrative spending news
shocks). Having estimated the above equation, one can compute the demand-side multiplier
conditional on shock happening k periods before the spending shock, as:
d
(shocki,−k ) = β + γ × shocki,t−k .
ϕi,t

(44)

Note that the above expression nests the special case of the unconditional spending multiplier,
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d
namely ϕi,t
(0). Now our theory has clear predictions about the behaviour of the above condi-

tional demand-side multiplier depending on the type of shock we are conditioning on, compared to the unconditional case. In particular, if we are conditioning on a negative demandd
d
side shock, such as an unexpected monetary contraction, then ϕi,t
(shocki,−k ) > ϕi,t
(0). This is

because the negative demand-side shock reduces goods market tightness, so that the fiscal expansion is happening in a low tightness environment, and hence does not crowd out a lot of
private consumption. On the other hand, if we condition on a supply-side contraction, such as
d
d
an unexpected spike in the oil price, then our theory predicts that ϕi,t
(shocki,−k ) < ϕi,t
(0); this is

because tightness increases following the supply-side contraction, and government spending
crowds out a lot of private consumption.
In a very similar fashion, one can use local projections to construct conditional supply-side
multipliers, for policies such as payroll or sales subsidies. In particular, for for every horizon
h ∈ {0, 1, 2, ..., H} the following regression can be run in a cross-country setting:
y

y

y

y

y

yi,t+h = αi,h + βh si,t + γh si,t × shocki,t−k + δh zi,t−1 + εi,t+h ,
where the only difference is that si,t now represents exogenous shock to government subsidies(/
taxation)) in country i at time t and the impulse response of GDP at horizon h to a subsidy
shock is now given by

∂yi,t+h
∂si,t

y

y

= (βh + γh × shocki,t−k ). The supply-side multiplier conditional on

shock happening k periods before the subsidy shock is now given by:
s
ϕi,t
(shocki,−k ) =

H
X
y
y
(βh + γh × shocki,t−k ),

(45)

h=0
s
which, as before, nests the unconditional supply-side multiplier given by ϕi,t
(0). Our theory

now tells us that if we condition on a negative demand-side shock, such as an unexpected
s
s
surge in credit spreads, one should expect ϕi,t
(shocki,−k ) < ϕi,t
(0); as argued before, a demand-

side contraction decreases goods market tightness, making an aggregate supply expansion not
particularly effective at stimulating private consumption. At the same time, if one instead cons
s
ditions on a supply-side contraction, such as a negative TFP shock, then ϕi,t
(shocki,−k ) > ϕi,t
(0);

this is because the supply-side contraction overheats the economy by increasing goods market
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tightness, making supply-side expansion an effective way of boosting GDP.

7.2.1

Data

7.2.2

Results

8

Conclusion

This paper aims to fill the large theoretical gap in understanding state dependence of fiscal
multipliers. We develop a theory of state-dependent fiscal multipliers, both for fiscal interventions aimed at stimulating aggregate demand, such government expenditure management, and
for those that target aggregate supply, such as cuts in the rate of payroll and sales tax.
Our chief finding is that the nature of state dependence relies crucially on the type of shocks
that drive the business cycle. The multiplier associated with expansions in government spending is countercyclical under demand-driven fluctuations and procyclical under supply-side fluctuations. On the other hand, the multiplier associated with labor and sales subsidies is countercyclical under supply-driven fluctuations and procyclical and demand-driven business cycles.
Our theoretical and empirical findings help resolving some of the puzzles and contrasting
empirical findings. Our results highlight the need to control for the source of business cycle
fluctuations when estimating fiscal multipliers in recessions and expansions, which may help
explain the low degree of state-dependence found by Ramey and Zubairy (2018), as they fail to
distinguish between demand-driven and supply-driven expansions and booms, which our theory suggests having sharp implications for the value of the spending multiplier. In this sense,
our findings are complementary to Barnichon and Matthes (2018), who establish a distinct
effect between expansion and contraction of government spending.
TBC
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Appendices
A

Closed-form solutions for a generic CRRA utility

Appendix here.

B

Alternative search costs

Appendix here.

C

Efficient allocation (c∗, m∗, l ∗, v ∗)

Appendix here.

D

Derivation and graphical representation of the social planner’s solution

Appendix here.

E

Flexible equilibrium: Equality between demand-side and
the supply-side fiscal multipliers

Appendix here.

F

Derivation of the fixed capacity fiscal multiplier θ(x)

Appendix here.
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