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Profit Taxation and Aggregate Price Stickiness"

Zhiyong An'

This paper studies the impact of profit taxation on aggregate price stickiness
in New Keynesian economics by introducing profit taxation into An (2009).
We show that the impact is theoretically ambiguous. Our result has three key
implications. First, it disagrees with the recent conclusion drawn by Kleven
and Kreiner (2003) that “taxation of profits increases the degree of price rigid-
ity” (p.1128). Second, it is also at odds with the traditional Keynesian idea
that taxes act as automatic stabilizers. Finally, it suggests that fiscal and
monetary policies can coordinate their impact on aggregate price stickiness to
stabilize the economy.
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1. INTRODUCTION

Although price stickiness is central to Keynesian models, in most such
models it has no solid microeconomic foundation. Thus, construction of
microeconomic foundations for price stickiness is a top priority for New
Keynesian economists. To meet this challenge, New Keynesian economists
have put forward two parallel ideas, viz., small menu costs (Mankiw, 1985)
and near-rationality (Akerlof and Yellen, 1985). The following studies (e.g.,
Blanchard and Kiyotaki, 1987; Ball and Romer, 1989, 1990, 1991), in gen-
eral, expand on the near-rationality model, with the key difference being
that those following studies derive their results from basic optimization
assumptions so that explicit welfare calculations are allowed.!
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views of the IMF, its Executive Board, or IMF management. The author would like to
thank George A. Akerlof, Alan J. Auerbach, Yulei Luo (the co-editor of this journal),
and Feila Zhang for very helpful comments.
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ature.
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The papers in the New Keynesian economics literature share three com-
mon features. First, they assume that all the firms are homogeneous. Sec-
ond, they show that a second-order “small” price-adjustment barrier for
an individual firm to adjust its price can cause changes in money supply
to have a first-order “large” effect on real economic variables.? Finally, the
fraction of the firms that keep their price unchanged following a money
supply shock is exogenous. In the initial equilibrium of their models, each
firm is assumed to set its own price to maximize its own profit. Then, they
introduce a money supply shock into their models. Following the money
supply shock, they assume that 8 fraction of the firms keeps their price
unchanged, whereas the remaining (1 — 3) fraction of the firms changes
their price to charge the new optimal price. They either assume a gen-
eral parametric S (Akerlof and Yellen, 1985) or assume that [ is equal to
one (Mankiw, 1985; Blanchard and Kiyotaki, 1987; Ball and Romer, 1989,
1990, 1991). But no matter what, 3 is assumed to be exogenous in both
cases.

Assuming an exogeneous [ is fine for their research purposes, but
should be an endogenous variable. In addition, S can be considered as a
measure of aggregate price stickiness by its definition. Therefore, if one
can endogenize (3, then he can go further to characterize the behavior of
aggregate price stickiness by studying the properties of the endogenized 5.

An (2009) characterizes the behavior of aggregate price stickiness. To
do so, he accomplishes two tasks. First, he endogenizes § in the near-
rationality model (Akerlof and Yellen, 1985).> He accomplishes this task
by introducing a distribution of price-adjustment barriers among the firms
into the near-rationality model. Specifically, he assumes that the firms are
heterogeneous, rather than being homogeneous, in the sense that they have
different price-adjustment barriers. The distribution of the price adjust-
ment barriers is common knowledge among the firms. Second, he studies
the properties of the endogenized S to characterize the behavior of aggre-
gate price stickiness and obtains three key results detailed as below:

(a) lime_q B(e) =1, where 8 denotes the money supply shock, i.e., the
fractional change in the money supply m. This result says that when there
is a money supply shock but turns out to be small, 8 approaches one.

(b) %\520 =0. As %‘520 = 0, then by applying Taylor’s expansion,
one has that when ¢ is small (close to zero), B(g) — 5(0) = B(e) —1 x €2. In
other words, when the money supply shock is small (close to zero), almost
all the firms will keep their price unchanged, whereas only a small fraction

2Small menu costs and near-rationality are, by definition, equivalent routes to the
same place. For the convenience of exposition, we therefore follow An (2009) to give
them a unified terminology, viz., price-adjustment barrier.

3Dotsey et al. (1999) endogenize a similar parameter in a dynamic general equilibrium
setting, but without focusing on characterizing the behavior of aggregate price stickiness.
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of the firms that is merely in second-order of the money supply shock will
change their price to charge the new optimal price. Therefore, prices are
not only sticky, but price stickiness is very significant for small money
supply shocks in a well-defined sense. Intuitively, only a small fraction of
the firms will have price-adjustment barriers so small that it pays them to
change their price in response to small money supply shocks.

(c) There exists the possibility of multiple equilibrium values of 5. This
result is due to that following a money supply shock, the profit loss for
an individual firm to keep its price unchanged decreases as ( increases.
In other words, the higher the fraction of the firms that keep their price
unchanged following a money supply shock, the less incentive for an indi-
vidual firm to change its own price. This is exactly the concept of strategic
complementarity (Cooper and John, 1988).* In a word, due to strategic
complementarity, the possibility of multiple equilibrium values of 8 can-
not be excluded, further suggesting the possibility of coordination failures
among the firms. Therefore, models with price stickiness (Mankiw, 1985;
Akerlof and Yellen, 1985) and models with coordination failures (Diamond,
1982) are not completely competing paradigms to explain economic fluctu-
ations but can be compatible with each other.

Given the central and foundational role played by aggregate price stick-
iness in the Keynesian theory of economic fluctuations, the following ques-
tions naturally arise: Can fiscal policy affect aggregate price stickiness? To
what degree? This paper aims to answer these questions by studying the
impact of profit taxation on aggregate price stickiness in New Keynesian
economics. To do so, we introduce profit taxation into An (2009).> We
show that the impact of profit taxation on aggregate price stickiness is
theoretically ambiguous.

Our result has three key implications. First, it disagrees with the recent
conclusion drawn by Kleven and Kreiner (2003) that “taxation of profits
increases the degree of price rigidity” (p.1128). Second, it is also at odds
with the traditional Keynesian idea that taxes act as automatic stabilizers.
Finally, it suggests that fiscal and monetary policies can coordinate their
impact on aggregate price stickiness to stabilize the economy.

In the immediate wake of the Great Recession, an emerging literature
has advanced from the traditional Representative Agent New Keynesian
(RANK) framework to the so-called Heterogeneous Agents New Keynesian

4By strategic complementarity, they mean that the optimal strategy of a decision-
maker depends positively on the strategies of the other decision-makers.

SIntroducing profit taxation into the dynamic general equilibrium model by Dotsey
et al. (1999) can make the same points as ours. We choose to introduce profit taxation
into An (2009) for two key reasons. First, to facilitate comparison because Kleven and
Kreiner (2003) and An (2009) share the same setting. Second, if one can use a simpler
model to make the same points, why bother to employ a more complicated model?
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(HANK) framework that combines key features of heterogeneous agents
and New Keynesian economies (Oh and Reis, 2016; McKay and Reis, 2016;
Guerrieri and Lorenzoni, 2017; Kaplan et al., 2018). The bulk of this recent
literature has, in general, focused on the role of household heterogeneity.5
An (2009) and this paper show that firm heterogeneity should also deserve
appropriate attention.

2. MODEL

An (2009) endogenizes 8 by assuming that firms are heterogeneous and
introducing a distribution of price-adjustment barriers among the firms
into Akerlof and Yellen (1985)’s near-rationality model. We further extend
An (2009)’s model by introducing profit taxation into it. Therefore, in this
section we first recapitulate Akerlof and Yellen (1985) and An (2009), and
then present our extended model.

2.1. A Recapitulation of Akerlof and Yellen (1985)

The near-rationality model (Akerlof and Yellen, 1985) assumes a monop-
olistically competitive economy with a fixed number of homogeneous firms.
The sales of each firm depend on the level of real aggregate demand and
the firm’s own price relative to the aggregate price level.

In the initial equilibrium, each firm sets its own price to maximize its
own profit, under the assumption that a change in its own price has no
effect on the prices charged by rivals or on the aggregate price level. That
is, each firm is assumed to be a Bertrand maximizer.

Then, Akerlof and Yellen introduce a money supply shock e, where ¢ is
defined as the fractional change in the money supply m, viz., the money
supply changes from m to m(1+4¢) with a money supply shock e. Following
the money supply shock, they assume that 8 fraction of the firms keeps
their price unchanged, whereas the remaining (1 — ) fraction of the firms
changes their price to charge the new optimal price.

If a firm keeps its price unchanged following the money supply shock, it
will incur a profit loss L(e, ) that is a function of both € and 3. Akerlof and
Yellen have shown that L(e, 8) has two properties. First, lim._,o L(e, 8) =
0. This property says that when there is a money supply shock but turns
out to be small, the profit loss approaches zero. Second, %E:O = 0.
As w |e=o = 0 then by applying Taylor’s expansion, one has that when
e is small (close to zero), L(e,3) — L(0,8) = L(s,8) — 0 o €. In other
words, when the money supply shock is small (close to zero), the profit

6See Galf (2018) for an assessment of this recent literature. An exception is Ottonello
and Winberry (2020) who explore the implication of firms’ financial heterogeneity for
the transmission of monetary policy.
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loss is merely in second-order of the money supply shock. Therefore, if an
individual firm keeps its price unchanged following a small money supply
shock, its behavior is suboptimal but still near-rational because its profit
loss is merely in second-order of the money supply shock.

Plus, Ball and Romer (1991) have shown that the loss function L(e, 5)
has two additional properties, viz., aL{g;,B) |e=0 = 0 and %EB’B”DO < 0.
These two properties suggest that following a money supply shock, the
profit loss for an individual firm to keep its price unchanged decreases in
the fraction of the firms that keep their price unchanged. In other words,
the higher the fraction of the firms that keep their price unchanged following
a money supply shock, the less incentive for an individual firm to change
its own price.

2.2. A Recapitulation of An (2009)

To endogenize 3 in the near-rationality model (Akerlof and Yellen, 1985),
An (2009) introduces only a single change, viz., he assumes that the firms
are heterogeneous, rather than being homogeneous, in the sense that they
have different price-adjustment barriers, with the distribution of the price-
adjustment barriers being common knowledge among the firms. Specifi-
cally, he assumes that each firm has a positive price-adjustment barrier
¢; > 0, where 7 is the firm index. The price-adjustment barriers for all the
firms (i.e., {¢;}) follow a certain distribution that is common knowledge
among the firms. As for notation, he uses F' to denote the cumulative dis-
tribution function (CDF) of the price-adjustment barriers. F' is assumed
to be first-order differentiable and strictly increasing. As ¢; > 0 for each
firm ¢, one has F(0) = 0. As F is first-order differentiable and strictly
increasing, one has F’ > 0, where F’ is the first-order derivative of F'.

Following the money supply shock, each firm will decide whether to
change its own price or not. Consider a specific firm, saying, firm :. When
the manager of firm 4 sets the price following the money supply shock, he
would form a rational expectation of the distribution of other firms’ price-
setting behavior: [ fraction of the firms will keep their original optimal
price unchanged, whereas the remaining (1 — ) fraction of the firms will
change their price to charge the new optimal price.

Why would the manager form such a rational expectation? A reason-
able explanation is: If L(e,3) > ¢;, then firm ¢ would change its price
to charge the new optimal price; otherwise, firm ¢ would keep its price
unchanged. The key point is that {¢;} follows a certain distribution that
is common knowledge among the firms. With all the firms following the
above price-setting behavior, the equilibrium outcome consistent with the
rational expectation is that S fraction of the firms will keep their original
optimal price unchanged, whereas the remaining (1 — ) fraction of the
firms will change their price to charge the new optimal price. Thus, An
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(2009) obtains the equilibrium equation as follows:
1 -5 = F(L(, B))- (1)

Equation (1) intuitively makes sense. First, by the definition of 3, its left-
hand side (i.e., (1—/()) is the fraction of the firms that change their price to
charge the new optimal price. Second, by the definition of F', its right-hand
side (i.e., F(L(e,p))) is the fraction of the firms whose price-adjustment
barrier is less than L(e, 8). Because firm ¢ would changes its price to charge
the new optimal price if its price adjustment barrier ¢; is less than L(e, 8)
(i.e., ¢; < L(e, B)), F(L(g, B)) is also the fraction of the firms that change
their price to charge the new optimal price. Taken together, the two sides
of Equation (1) are equal and hence, it holds.

From Equation (1), one can solve for the equilibrium value of 5. Thus, An
(2009) has endogenized 3, an exogeneous parameter in the near-rationality
model.

Then, An (2009) goes further to characterize the behavior of aggregate
price stickiness by studying the properties of the endogenized 8. Building
on the four properties of the loss function L(e, 3) shown by Akerlof and
Yellen (1985) and Ball and Romer (1991), he obtains three key results: (1)
lim. 0 8(e) = 1; (2) %‘520 = 0; and (3) There exists the possibility of
multiple equilibrium values of 3.

2.3. The Extended Model

Now, let us introduce profit taxation into An (2009). We use ¢ to denote
the profit tax rate. We assume that ¢ is constant and the same for all the
firms.” As the profit loss for an individual firm to keep its price unchanged
following a money supply shock also depends on the profit tax rate ¢, we
hence augment the loss function from L(e, 8) in the benchmark model to
L(g,8,t) in our extended model. Corresponding to Equation (1), we can
then write the equilibrium equation for our extended model as below:

1—p=F(L(e, B,1))- (2)

From Equation (2), one can solve for the equilibrium value of 8 in our
extended model.

From Equation (2), one can follow the proof of An (2009) to show that his
three key results still hold in our extended model: (1) lim._,q 8(g,t) = 1; (2)
%| <=0 = 0; and (3) There exists the possibility of multiple equilibrium

"In reality, profit taxation is asymmetric, not allowing immediate deductibility for
losses. Our assumption abstracts from this. Note that Kleven and Kreiner (2003) also
treat t as a constant (p.1127).
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values of 3.8 The reason is that the four properties of the loss function
shown by Akerlof and Yellen (1985) and Ball and Romer (1991) carry over
to our extended model.

Because profit taxation suggests that the government shares the profit
loss with firms, the loss function L(e, 3,t) has an additional property, viz.,
BL(E’B ) < 0. This property says that the profit loss L(e, 8,t) decreases as
the proﬁt tax rate ¢ increases.

Now, we are ready to propose and prove the following proposition:

PROPOSITION 1. The sign of % is theoretically ambiguous.

Proof. If we take derivative with respect to ¢ on both sides of Equa-

tion (2), we have —22&0 — p (BL(BEBM) x 28et) 4 8L(g;5,t))_ By simple
algebra, we have 65(;?’5) =~ g%’f’” aL(gﬂt). As F' > 0, Lﬁg;’t) <

d OL(e,B,t) 0B(e,t)
o ot

0 an < 0, the sign of therefore hinges on the sign of
<1+F’%’ﬂﬁ’0>: (1) If <1+F’8L(%§m’t)) > 0, then % > 0; and (2)

If (1 + F’%’f’”) < 0, then 22&:8) ) < 0. Because the sign of (1 + F’%f’”)

0B (e,t)
ot

is theoretically ambiguous, the sign of is hence theoretically ambigu-

ous. |

Proposition 1 says that the impact of profit taxation on aggregate price
stickiness is theoretically ambiguous.

Proposition 1 has three key implications that are detailed as below:

(a) Proposition 1 first disagrees with the recent conclusion drawn by
Kleven and Kreiner (2003) that “taxation of profits increases the degree
of price rigidity” (p.1128). In a recent contribution, Kleven and Kreiner
(2003) introduce a tax system into the theoretical framework of Blanchard
and Kiyotaki (1987) and Ball and Romer (1989, 1990, 1991). Based on their
observation that aL(g’B b < 0, they then conclude that “taxation of profits
increases the degree of price rigidity” (p.1128). While we agree with them
that % < 0, we disagree with their key conclusion that profit taxation
contributes to price stickiness because Proposition 1 says that the impact
of profit taxation on aggregate price stickiness is theoretically ambiguous.
The proof of Proposition 1 shows that the root problem with their analysis

F’%’Bﬁ”&)) as the result of

is that they have ignored the impact of (1 +
their following Blanchard and Kiyotaki (1987) and Ball and Romer (1989,

1990, 1991) to assume an exogeneous [ that is equal to one. In a word,

8We choose not to repeat this essentially repetitive exercise, but the proof is available
upon request.
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their analysis is incomplete and as a result, has reached wrong conclusions.
Therefore, to study the impact of taxation on price stickiness, it is essential
to endogenize aggregate price stickiness. Otherwise, the analysis would be
incomplete and as a result, can lead to wrong conclusions.

(b) Proposition 1 is also at odds with the old Keynesian idea that taxes
act as automatic stabilizers. An old insight of the traditional Keynesian
theory is that taxes serve as automatic stabilizers by reducing effective
demand in upturns and increasing effective demand in downturns. Propo-
sition 1 suggests that whether profit taxation acts as automatic stabilizers
(i.e., % < 0) or destabilizers (i.e., w > 0) is theoretical ambigu-
ous. The contrast is due to that we focus only on the supply side effect
of taxation, whereas the traditional Keynesian theory concentrates entirely
on the demand side effect.

(¢c) Fiscal and monetary policies can coordinate their impact on ag-
gregate price stickiness to stabilize the economy. As the endogenized [
depends on both t and ¢ (i.e., 8 = S(e,t)), viz., the endogenized aggre-
gate price stickiness depends on both profit taxation and money supply
shock, we reach the conclusion that fiscal and monetary policies can coor-
dinate their impact on aggregate price stickiness to stabilize the economy.
This coordination channel has largely been ignored by previous studies,
however. For instance, in a recent important contribution, McKay and
Reis (2016) first propose a business cycle model that merges the standard
incomplete-market model with the standard New Keynesian business cycle
model. They then calibrate it to the U.S. data to measure the effect of
the U.S. tax-and-transfer systems on the dynamics of the business cycle.
As they follow Calvo (1983) to assume that firms revise their prices with
an exogenously given probability, they have essentially excluded or ignored
the coordination channel identified and highlighted in this paper.

3. CONCLUSION

Four general lessons can be learned from this paper. First, firm hetero-
geneity should deserve appropriate attention in New Keynesian economics.
Second, to study the impact of taxation on price stickiness, it is essential
to endogenize aggregate price stickiness. Otherwise, the analysis would be
incomplete and as a result, can lead to wrong conclusions. Third, to ex-
amine the impact of taxation on economic fluctuations, it is essential to
consider both the demand and supply side effects of taxation, particularly,
incorporating the channel identified and highlighted in this paper. Finally,
the impact of taxation on aggregate price stickiness and economic fluctua-
tions is essentially an empirical question, calling on more empirical analysis
like Poterba et al. (1986).
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