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Abstract

This paper argues that ..rms adapt their mode of governance to market conditions, and
that this may help us understand the business cycle. | focus on the extent of insiders’
control over ..rm’s decisions. The delegation of control to insiders fosters initiative but
it also gives them the opportunity to expand their ..rm beyond the pro..t-maximizing
size. This type of behavior has very dicerent implications at the ..rm level and in the
aggregate. At the ..rm level, it destroys value. In the aggregate, however, when goods
markets are imperfectly competitive, ..rms are too small relative to the social optimum.
In such circumstances, insiders’ tendency to increase investment, employment and out-
put are at once costly for shareholders and bene...cial for the economy. Under plausible
assumptions, I show that ..rms ..nd it optimal to delegate control when demand is high.
A positive shock therefore induces more ..rms to delegate control. Because delegation
itself increases output and productivity, the initial shock is ampli..ed and other ..rms
choose to delegate control. | incorporate these insights into a standard real business
cycle model and show that delegation choices provide a powerful ampli..cation mech-
anism. Finally, the model predicts that an increase in ..rm volatility can decrease
aggregate volatility and | present evidence consistent with this prediction. (JEL D2,
E3, E4, G3)
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1 Introduction

The question of who controls the ..rm is a central one in corporate ..nance. While the chain
of formal authority is fairly well de..ned (running from the investors to the board, from
the board to the CEO, and so on), erective control depends on how much of this formal
authority is retained and on how much of it is delegated. This paper argues that control is
tightened when business conditions deteriorate and that this has quantitatively important
implications for the business cycle.

The paper analyzes the following trade-oa. Authority (i.e., the right to make discre-
tionary decisions) can be delegated to people inside ..rms. Delegation allows insiders to use
their speci..c skills and expertise, which enhances productivity. The cost of delegating con-
trol is that it creates room for opportunistic behavior. If one does not delegate and instead
asks people to go by the book, speci..c skills and expertise are partly lost, but so is egregious
misbehavior.

To go further, one needs to be more speci..c about the costs and bene..ts of delegation. |
follow Aghion and Tirole (1997) and Burkart, Gromb and Panunzi (1997) by assuming that
delegation fosters initiative and non-contractible investments. These investments translate
into higher productivity at the ..rm level. | model the costs of delegation as in Jensen (1986)
and Hart and Moore (1995), and argue that managers who enjoy discretionary control tend
to expand their ..rms beyond the pro..t-maximizing size.

The ..rst insight of the paper is to notice that “empire building” behavior can have
very dicerent implications at the ..rm level and in the aggregate. When goods markets are
imperfectly competitive, ..rms are too small relative to the social optimum. In this case,
managerial tendencies to increase investment, employment and output are at the same time
costly for shareholders and bene..cial for the economy. On the other hand, other forms
of managerial misbehavior, such as stealing and spending on non-productive activities, are
socially wasteful.

Building on the idea that there is an important distinction between productive and non-
productive deviations from pro..t maximization, the paper proposes a simple model to study
the implications of ..rms’ governance choices for the business cycle. | assume that, at every
period, each ..rm must decide whether or not to delegate control to insiders. When control
is delegated, productivity is high but two distortions appear. First, output is too high.
Second, there is excess overhead labor. When control is not delegated, productivity is lower



but pro..t maximization can be strictly enforced. Because delegation increases productivity,
the bene...ts of delegation are higher the higher the demand for the ..rm’s product. On the
other hand, the costs of delegation do not increase one for one with the ..rm’s demand. It is
therefore optimal for the ..rms to delegate more when demand is high.

The main result of the paper is that these governance choices amplify aggregate fuctu-
ations. When a negative shock hits the economy, some ..rms switch to a more conservative
mode of governance because insiders’ initiatives become relatively less valuable than cost
cutting. This has three consequences, two of which amplify the initial shock: ..rst, some
speci..c expertise is lost when control is tightened and this leads to a drop in productivity;
second, output goes back to the monopolistic level. The third consequence (less overhead
labor) dampens the negative shock by freeing resources that were previously misallocated.
The simulations below show that, at least for small initial deviations from pro..t maximiza-
tion, the ..rst two ecects dominate the third one. The net consequence is, therefore, an
ampli..cation of the initial shock, which, in turn, leads other ..rms (suppliers or customers
of the downsizing ..rms, for instance) to tighten their governance strategy.

| consider two classes of aggregate shocks: technology shocks and labor supply shocks.
Gowernance choices amplify technology shocks by a factor of 1.5, and labor supply shocks
by a factor of 1.9. In the case of labor supply shocks, the model without the endogenous
governance mechanism predicts counter-cyclical real wages. The aggregate labor demand
schedule is ..xed and therefore the wage has to fall in booms for ..rms to be willing to
hire more labor. This prediction is counter-factual. However, the governance model that |
calibrate predicts weakly procyclical real wages even when the business cycle is driven by
labor supply shocks. This is because a positive shock induces ..rms to delegate more control,
which makes them at the same time more productive and more willing to hire for a given
level of productivity. The aggregate demand for labor therefore shifts out and this increases
the equilibrium wage.

Finally, I use the model to propose a new explanation for the recent decline in aggregate
volatility. The ampli..cation mechanism emphasized in this paper is based on the idea that
..rms adapt their mode of governance to market conditions. But market conditions are

arected by both idiosyncratic and aggregate shocks. |1 document the fact that ..rm level risk

!Labor supply shocks provide a convenient way to introduce aggregate shocks that do not directly acect
the technological frontier of the economy. They can be interpreted, for instance, as nominal spending shocks
that interact with nominal wage rigidities. See Chari, Kehoe and McGrattan (2002).



has increased over the past 40 years. There are two ways to capture this increase in ..rm
level risk within the framework of this paper. The ..rst is to spread out the distribution of
..rm level shocks. The second is to increase the degree of competition in the goods market.
In this case, the fundamental ..rm level shocks are unchanged, but their consequences for
output and employment are larger because customers are more willing to shift their spending
across ..rms proposing similar products. The interesting insight is that the same increase in
competition can also explain the decrease in aggregate volatility. When | calibrate the model
using the actual increase in ..rm level risk (modelled either by spreading out the distribution
of idiosyncratic shocks, or by increasing the degree of competition in the goods market), |
..nd that the model can account for 40% to 50% of the actual decrease in aggregate volatility.

The paper is organized as follows. Section 2 discusses the related literature. Section 3
describes the economy. Section 4 discusses ..rms’ governance decisions. Section 5 presents
the intuition for the ampli..cation mechanism. Section 6 discusses the empirical evidence
and describes the calibration method. Section 7 presents the impulse responses of the model
to technology and labor supply shocks. Section 8 compares the simulated economies with
actual data. Section 9 presents evidence on the increase in ..rm volatility over the past 40
years and computes the implied decrease in aggregate volatility for the calibrated model.

Section 10 concludes. Derivations and technical details are in the appendix.

2 Related Literature

This research is related to the microeconomic literature on governance conticts between
managers and shareholders. Jensen (1986) emphasizes the idea that managers tend to expand
their ..rms beyond the pro..t-maximizing size. This “empire building” behavior also plays
a key role in Hart and Moore (1995). The idea that delegation fosters initiative and non-
contractible investments is presented in Aghion and Tirole (1997) and Burkart, Gromb and
Panunzi (1997). Scharfstein and Stein (2000) provide a model where preferences for large
..rms arise endogenously from the interaction between two layers of agency. | will discuss
the empirical literature about governance conficts in detail when | turn to the calibration
of the model.

The importance of imperfect competition for the business cycle has been emphasized by
Blanchard and Kiyotaki (1987), and Rotemberg and Woodford (1992) among others. The



empirical ..nding that markups of prices over marginal costs are counter-cyclical® is relevant
for my paper because a ..rm operating on its demand curve can expand its output only by
lowering its markup. One expects to see lower markups when insiders control because they
put more weight on sales and employment relative to pro..ts than outsiders do. Counter-
cyclical markups could then be driven by procyclical delegation of control to insiders.
Finally, this research is related to the literature that studies the macroeconomic impli-
cations of ..nancial frictions: Bernanke, Gertler and Gilchrist (1999), Kiyotaki and Moore
(1997). The frictions that | emphasize are dicerent in the sense that, in my model, ..rms do

not sucer from liquidity constraints.

3 Model
Consider an in..nite horizon stochastic general equilibrium model. The consumers maximize
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R; is the rental price of capital services, u; is the rate of utilization of the existing stock of
capital K¢, 3+t are aggregate pro..ts, g is the trend growth rate of labor productivity and °
captures adjustment costs for investment as in Hall (2002). Z; is an aggregate labor supply
shock®. The cost of higher utilization is captured by an increase in the depreciation rate
t (ut) as in King and Rebelo (1999).

The economy produces a ..nal good using dicerentiated inputs. The ..nal good is produced
competitively and it can be used for consumption and investment. The dicerentiated goods
are produced by a continuum of mass N of ..rms indexed from 0 to 1. N will be determined

in equilibrium by a free entry condition. The production function for the ..nal good is
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2See Rotemberg and Woodford (1999) for a survey, and Bils and Kahn (2000) for recent evidence.

3Chari, Kehoe and McGrattan show how a model with nominal wage rigidities and monetary shocks can
produce such shocks. More generally, I am interested in non-technological disturbances, and the simplest
way to introduce them is through shocks that amect households’ marginal rate of substitution between
consumption and leisure.



and the ..nal good producers solve
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where y;; is the production of intermediate good i at time t and h;; is an exogenous ..rm
speci..c shock. The distribution of these shocks is time invariant and the mean is normalized
to one: R01 hit = 1. These shocks can be interpreted as relative productivity shocks from the
point of view of ..nal good producers, or as relative demand shocks from the point of view
of intermediate goods producers.

Equation (3) implies that each producer i faces an isoelastic demand curve:
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The price level, Py, is such that 01 hit %‘f
for the ..nal good producers. There is monopolistic competition in the dicerentiated goods

= 1. This is also the zero pro..t condition

sector. The production function for intermediate good i is characterized by constant returns
to variable factors and some ..xed costs. The variable factors are the fow of capital services

kit and labor lit. The production function for good i at time t is:
Vit = He i Kigt 15

Ut IS an aggregate technology shock and g is the ..rm’s idiosyncratic productivity. The ..xed
costs for ..rm i are © units of ..nal good and an amount I;; of overhead labor. The (real)

pro..ts of ..rm i are therefore:
Yai :%Yit i We (lie + |li]t) i Rkii 1 ©
t

The simplest way to model the governance choice is to see it as a choice among two tech-
nologies. At every period, each ..rm i must choose to delegate control to its insiders of not.
I describe this choice with the dummy variable D 2 0;1g. This choice is made after all
the shocks (Zt; Ut; hit) have been observed.

The ..rst mode of governance, which I will call the conservative mode, has no delegation
of control to insiders (Dij: =0). Productivity is low 'qit =q< 1¢ but there is no overhead
labor (I§ =0) and pro..t maximization is strictly enforced. Formally, when D;; = 0, the
program of the ..rmis

max %
k;l
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subject to (4) and yit = e g k*i®1®. The resulting pro..ts are %it (0).

The second mode of governance, which | will call innovative, delegates control to the
insiders (Dj; = 1). The innovative mode has a high productivity, g;; =1 > ¢, but it has two
distortions. First, there is excess overhead labor, Ij; = I > 0, and, second, the objective
function of the ..rm is to maximize a weighted average of sales and pro..ts. The weight the

o]

insiders put on sales is °® _ 0. When Dj; = 1, the program of the ..rmis

n?(a}x PpiYiet (i 7 Yt

subject to (4) and yi; = pek*i®1®. The resulting pro..ts are %t (1).

Finally, I assume that delegation is chosen to maximize the pro..ts of ..rm i at time t.
Dit =arg max Y% (D
it g Do 4it (D)

A rational expectations equilibrium for this economy is a set of stochastic processes for the
exogenous technology and labor supply shocks fut; Ztg and for the endogenous prices and
quantities. TDig; lit; Kit; pitg; solve the intermediate ..rms’ program described above, fY; Yitg
are determined by (3), and consumers maximize (1) over TK.1; Cy; L¢; Ug; 9. All the agents

take TP¢; W¢; Rtg as given, and the following market clearing conditions hold:

Y = Ct+£t+N £0©
1
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0
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0
This de..nition of equilibrium is conditional on the number of ..rms, N, which is constant.
To pin down N, | impose that a free entry condition holds in the non-stochastic steady state

of the economy (see Rotemberg and Woodford, 1999 and the appendix).

4 Governance Choice

There are many ways to motivate the reduced form used above and a formal model is pre-
sented in the appendix. Before discussing the interpretation of the reduced form, I describe
how ..rms choose among the two modes of governance.

Assumption 1: - ("%) >g*it where - () 7 3k



Assumption 1 ensures that delegation is sometimes desirable. The function - is concave
and reaches a maximum of one for ~ = 0. It refects the pro...t losses coming from the fact that
..rms in the innovative mode deviate from the objective of pro..t maximization. For given
factor prices (W and R), and demand conditions (h and Y ), the cash fows generated by ..rm
i (before overhead costs are paid) are proportional to - (") £ ¢*il. In the innovative mode,
this becomes - (") £1 and in the conservative mode, 1 £q"i. Assumption 1 ensures that
the gains from innovative ecorts outweigh the losses from excessive production. Proposition

1 describes the optimal governance choice for ..rm i at time t.

Proposition 1 Firm i will choose the innovative mode of governance at time t if and only
if

hit > h{
where
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Proof. In the innovative mode of governance, the choice of production is made to
maximize “"picYit + (1 i “°)%ir. The resulting pro..ts are %;; = A¢hie =% i WeI®, where -® is
de..ned in assumption 1 and I is excess overhead labor. In the conservative mode, pro..ts
are simply ¥%;; = A¢h;j¢g*it. Comparing the two levels of pro..ts completes the proof.

The economic intuition is fairly straightforward. Because delegation increases initiative,
delegation is more valuable when the demand for the ..rm’s product is high. On the other
hand, the costs of delegation do not increase one for one with the ..rm’s demand. Thus, the
choice of governance mode takes the form of a simple cuto= rule: ..rms that do well (high h)
choose the innovative mode and ..rms that do poorly (low h) choose the conservative mode.
The cutoa hf depends on the overhead labor distortion and on the aggregate conditions in
the economy. It is relatively more costly to delegate when the real wage is high, because
of overhead labor costs. The enects of aggregate demand, Y, and of the marginal cost of
production, If; 'ﬁ'@) Li® 'm@& ® are standard. As Y; increases, delegation becomes relatively
more valuable, and the opposite happens for an increase in the rental price or in the real
wage (independently of the overhead labor cost).
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The assumption that some of the delegation costs become relatively smaller when the
..rm does well is crucial for the result that delegation is more valuable in a boom. 1 will
argue below that this is an empirically plausible assumption.

I can now discuss two interpretations of the model. The ..rst one follows closely Burkart,
Gromb and Panunzi (1997) and Aghion and Tirole (1997). In their model, a principal
chooses to delegate more or less control to an agent. There are many such relationships
inside ..rms, but, for concreteness, one can think of the principal as the board of directors
and the agent as the CEO. The board can decide how much it wants to interfere with the
CEOQ’s decisions. Freedom fosters productive initiatives (q = 1) but the CEO then has some
discretion concerning the corporate objective. In particular, she has a preference for large
.rms ("% > 0) and for overhead labor (I° > 0). The two key assumptions in this setup are
that the CEO has some empire building tendencies, and that selective intervention is not
an option. More precisely, delegation can improve CEQO’s incentives to make ..rm-speci..c
investments precisely because delegation is a commitment not to intervene ex-post. In this
case, the “innovative” governance mode can be seen as a solution to the hold-up problem.

The second interpretation is more mechanical. Suppose that the agent makes hiring and
investment propositions to the principal, who can either rubber-stamp the propositions, or
decide to investigate. Inwestigation is time consuming and there is always a probability
that the investment opportunity will disappear before the investigation is ..nished. Without
investigation, the principal cannot discover whether the agent is spending too much or not
(I and “?). The key mechanism is once again that the opportunity cost of monitoring is
higher in booms because booms are times when pro..t opportunities should not be missed,
even if that means rubber-stamping projects that are marginally too large or too fancy. In
recessions, on the other hand, the principal is more willing to stick to the old projects and
focus on cutting costs.

The basic point is that governance should be designed in such a way as to leave more
discretion to insiders when times are good. A separate issue is how to implement this in
practice. One way would be to use the ..rm’s ..nancial structure. Equity holders are more
likely than debt holders to rubber-stamp the decisions of the manager. Thus the model is
consistent with the fact that equity holders control in good times and debt holders in bad
times. However, | would like to point out a crucial dicerence with existing models of ..nancial
structure, like the one in Hart and Moore (1995). The dicerence is that | do not assume that



aggregate shocks are unobservable. This is important because models of liquidity constraints
usually share the feature that observable shocks should be contracted upon, which would
make them irrelevant. In the context of a debt contract for instance, these models predict
that interest payments should be contingent on the state of the economy. Firms would have
to pay back more in good times, less in bad times and the fraction of ..rms that sucer
from liquidity shortages would not vary with the business cycle. To justify the use of non-
contingent debt and make sure that liquidity matters in the aggregate, one typically needs to
assume that ..rms cannot contract on the state of the economy, even implicitly. If giving more
liquidity to ..rms in bad times could substantially increase their value, it is hard to imagine
that the ..nancial markets would have been unable to create the appropriate instruments. In
the model | propose, everybody knows that ..rms are short of cash and forced to cut their
spending in bad times, but this is privately optimal for the investors. Of course, this result

follows from the assumption that there are increasing returns in the delegation technology.

5 Ampli..cation

The main result of the paper is that ..rms’ delegation choices amplify aggregate shocks.
Before turning to the simulations of the model, it is useful to present the intuition for this
result. From the de..nition of the aggregate price level and from the pricing decisions of the
intermediate goods producers, one can obtain the following equation

" "’l 1-|-3/4il #ﬁ
1= J(h)E 1;° + (LI M) e (6)
where
i :iu Re ;e H%ﬂ®
t e 1§® ®

is the marginal cost associated with the Cobb-Douglas production function. J(h{) =

hE}hf (h) dh and T (©) is the distribution function of the idiosyncratic shocks h. Equation
(6) is shared by all general equilibrium models of imperfect competition where the pricing
behavior of ..rms is described by %‘f = 1., £ ¢cj;. Most models focus on the symmetric equi-
librium where all ..rms have the same marginal cost ci; = ¢; and the same markup 1;, = .
In a symmetric equilibrium, one would get the simple condition: * £c; = 1. In my model
however, ..rms diger in both their marginal costs and their markups. Firms that choose to
delegate control have higher productivity gi; = 1 and lower markups *;;, = (1 j “°) £ * than
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other ..rms. Equation (6) can be seen either as de..ning the aggregate markup as a weighted
average of the ..rms’ markups or as de..ning the aggregate marginal cost as a weighted aver-
age of the ..rms’ marginal costs. The weight on the innovative ..rms is J (h{). Because the
markup choices are correlated with ..rms’ idiosyncratic productivity, one cannot in general
disentangle the aggregate markup from the aggregate marginal cost. But one can consider

a few special cases.

2 |* = 0. In this case, we know from proposition 1 that h{ = 0. Since J (0) = 1, we get
1§ ®HrE£c=1. In this symmetric equilibrium, all ..rms charge the same price but
they deviate from the pro..t maximizing markup * by a factor 1 j “°.

2 "% = (. In this case, all ..rms charge the pro..t maximizing markup but productivity
levels dizer across ..rms. This case is isomorphic to a model with increasing returns at
the ..rm level. To see why, interpret W7 not as a cost of delegation due to managerial
misbehavior, but as a ..xed cost of operating a high productivity technology. Firms
choose this technology only when they face a high demand. The aggregate marginal

cost decreases when the weight of high productivity ..rms increases.

Using the de..nition of the cutoa (5) together with equation (6), | get
hy W ¥NI®
%l T, - (CF) ; ghil
+(iIheyEegar O g

=Y =

I E =

In this equation, the LHS is increasing in hf. The RHS increases with W and decreases with
Y. We can now understand the ampli..cation mechanism. Consider the case of a positive
technology shock. Following the shock, output will increase but so will the real wage. If
factor supplies are elastic, output will increase more than the real wage and this will push
the cutor h{ to the left and lead some ..rms to switch to the innovative mode of governance.
These ..rms will then hire more capital and labor and increase their output. Again, if
factor supplies are elastic, this will increase output more than it will increase the wage and
hy will mowve further to the left*. We therefore expect the ampli..cation mechanism to be
stronger when factor supplies are elastic. This is why the presence of capacity utilization is
important in this model. It is well understood that capacity utilization makes the standard
RBC model more responsive to shocks (King and Rebelo 1999). Here, this will also apply

to the ampli..cation factor over and above what the RBC would predict.

*This suggests that the model could have multiple equilibria. This is indeed a possibility. For the
parameter values that | estimate however, idiosyncratic risk is high enough to remove this possibility.
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6 Calibration

I will now describe briety the calibration procedure. All data are detrended using the HP
.Iter. I consider the impact of labor market disturbances, captured by the parameter Z; and
aggregate technology shocks ;.

There are three non-standard parameters in the model described above: "% 1° and q.
A key feature is that these parameters will have dicerent exects on pro..ts, sales and em-
ployment, respectively. “® captures over-expansion. It increases sales and employment and
decreases pro..ts. I° captures non-productive expenses. It has no impact on sales and em-
ployment, and a negative impact on pro..ts. Finally, productive initiatives q are going to

increase sales, pro..ts and employment. The following table summarizes the predictions.

Ewoect of parameters on: | Pro..ts | Sales [ Employment
o0 - + +
I - 0 0
q + + +

Berger and Ofek (1999) show that the amount of unallocated expenses is a strong deter-
minant of corporate refocusing programs. Lichtenberg and Siegel (1990) focus on ownership
changes and show that employment growth is much lower in establishments changing owners
than in those not changing owners, and that the exect is stronger for auxiliary establishments
than for production establishments. This is consistent with my assumption that I” is strictly
positive. Berger and Ofek (1999) also show that disciplinary events (shareholder pressure,
..nancial distress, management turnover) usually occur before refocusing takes place and are
followed by average cumulative abnormal returns of 7%. Denis and Kruse (2000) show that
the corporate restructuring following declines in performance involves major cost cutting
eaorts, plant closing, asset sales and layors. These restructuring ecorts increase shareholder
value (see also Gilson, 1998). Denis and Denis (1995) show that, following a normal re-
tirement of the CEO at age 65, the median ..rm experiences an employment decline of 7%,
suggesting that the ..rm was previously too fat. Similarly, Kaplan (1989) ..nds that MBOs
are followed by declines in employment, sales and investment, and by increases in pro..ts.

These results suggest that both “® and I* are positive. Suppose that a ..rm has ~ = 3%
and that the elasticity of substitution between goods is % = 4. Then a disciplinary event that
brings © down to 0 will be associated with a drop in sales and employment of 9% because
sales and employment are proportional to (1 j ’)“3/“. But note that this will have very
little impact on the ..rm’s pro..ts since - (3%) % 1 by the envelope theorem. This suggests

12



that I” > 0 is needed to explain signi..cant ecects on pro..ts without unrealistically large
changes in sales. Indeed, a simultaneous decline in “® and I* can simply be interpreted as
a ..rm that downsizes its activities by closing its less productive plants ..rst. To see why,
suppose that the ..rm has two plants with ..xed capacity and ..xed productivity. Pro..ts
would be maximized by closing the less productive plant but the manager is reluctant to do
so. When a bad shock hits the ..rm, the manager is forced to close the plant. Pro..ts go up
and production goes down.

One can also obtain evidence from the literature that studies the exects of leverage on
..rms’ behavior. As | have explained above, one can think of implementing the delegation
mechanism with a debt contract. Empirically, one sees that more highly leveraged ..rms
charge higher prices and respond more quickly and more strongly to shocks: Phillips (1995),
Sharpe (1994), Chevalier and Scharfstein (1996). Kovenock and Phillips (1997) con..rm the
results in Kaplan (1989) that LBO ..rms decrease their investment and show that this ecect
is stronger in highly concentrated industries. Opler and Titman (1994) show that ..rms in
..nancial distress experience large drops in sales and employment beyond what one would
expect from the direct ecects of the shock. The distressed ..rms lose market shares to their
competitors. The idea that leverage can be used to put pressure on insiders is also directly
supported by the fact that boards increase the leverage of their companies in response to
an increase in unions’ power (Gary Gorton and Frank Schmid (2000) for Germany, Stephen
Bronars and Donald Deere (1991) for the US). Finally, it is important to emphasize that
debt contracts are almost never contingent on aggregate shocks. Since corporate pro..ts are
strongly procyclical, this means that ecective debt constraints are counter-cyclical and this
provides support for the idea that insiders enjoy more freedom in booms than in recessions.

First, |1 choose h® such that, in steady state, half of the ..rms are in the conservative
governance mode and half of the ..rms are in the innovative mode. Based on the empirical
evidence discussed above, | set "* = 3% and 1 j ¢ = 1%. | use % = 4 as a benchmark
for the elasticity of substitution between goods. This implies a value-added markup of 1:33
consistent with Rotemberg and Woodford (1999). These values for “® and % imply that for
half of the ..rms, sales are 9% higher than they would be under strict pro..t maximization
(holding productivity constant). The pro...t losses from this deviation are very small (1§ -° =
0:6%). The value of g implies that the penalty for downsizing is a temporary productivity
loss of one percent.

13



The adjustment cost parameter ° is set to 4 (at quarterly frequency), following Hall
(2002). The elasticity of depreciation with respect to utilization is 0:2 consistent with King
and Rebelo (1999). The labor supply elasticity A is 4 as in the benchmark RBC model (see
for instance King and Rebelo 1999).

1 |A| 7 |g |A]°]| 52
133141 3%|.9914141]0.2

- M . .

The steady state is computed to match the standard ratios (LGDP,M“-GDP ,—'LGDP ). Recall
that free entry drives the pro..ts to 0 on the balanced growth path. This pins down N and
©. The implied value for 1 is such that the average excess overhead labor is less than 1%
of the employed population. The total ex-ante losses from all governance conticts combined

are 2:27%

E[°

E] = 0:82%
E[Mjg=11°=0,""=0]+RY
Pa=LV=0_=0*Ry ;1 = 227%

E [%] + Rﬁ

Finally, the distribution of idiosyncratic shocks (h) is such that the 4-quarters standard

deviation of the growth rate of sales across ..rms is 12%, which is the empirical value in the
..rst half of the sample period® (see below).

The model can then be log-linearized around its balanced growth path. | describe here
the calibration with the labor supply shock. log (Z,) is speci..ed as an AR(1) process:

Zt = %Zez1 + 't

The model has one state variable (capital stock) and one exogenous driving process (z).
Note however that z is not observable in the data and that % is not known. The calibration
procedure follows the strategy used by King and Rebelo 1999. | make an initial guess for %.

Given this guess, | solve the model using rational expectations. The solution takes the form
bt:_yk£ht+_yz£bt

The coeccient , and ,, are complex functions of all the parameters of the model and of

t%. This equation for output can be inverted into b, = =~ £ j vk £R.. Using actual values
yz

yz

5This is assuming that the h shocks are iid at the annual frequency. | have also experimented with an
AR(1) process for h. The results were quantitatively similar.
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for i and R:, one can create a series for k. One can then compute the AR(1) coe€cient for
this series. It is, in general, dicerent from the original .. This value is then used as a new
starting point. The procedure is repeated until convergence. The estimated value of % is :89

(I estimated essentially the same values for z and for ).

7 Impulse Responses

The intuition for the ampli..cation mechanism is the following. Firms that have a low
demand hj; < h{ are in the conservative governance mode: they have no overhead labor, low
productivity and high markup. Following a positive aggregate shock, output Y; and factor
prices Rt and W; are going to increase. To the extent that the labor supply is elastic and
that capacity utilization can accommodate the increase in the demand for capital services,
the rise in factor prices will not undo the initial rise in output and hy will decrease. Some
..rms will therefore switch to the innovative mode of governance. They will reduce their
markups, increase their productivity but also hire excess overhead labor. The net ecect of

these actions for the economy is positive and this leads other ..rms to follow the same path.

7.1 Technology Shocks

Figure 1 shows the response of the model to a positive technology shock. The shock is the
dotted line. GDP is the solid line. The third line represents the fraction of ..rms that choose
the conservative mode compared to the steady state value of 50%. Over time, the economy
accumulates capital and the initial shock fades away. This drives up the wage relative to
output, making it more costly for ..rms to have excess overhead labor. As h{ increases, some
..rms tighten control and output is pushed below its steady state value.

Figure 2 shows the impulse responses of dicerent models to a positive technology shock
(1). The exogenous shock (u) is the same as in .gure 1. The dotted line is the textbook
RBC. Abowe is the RBC with capacity utilization and adjustment costs for investment. This
model provides much stronger ampli..cation than the basic RBC. The dashed line is the
governance model with only the productivity channel, ¢ < 1 and “® = 0. In this model,
..rms that switch from conservative to innovative governance are more productive but they
have excess overhead labor. As explained in section 5, this case can be interpreted as an
economy with some increasing returns at the ..rm level. This fattens the aggregate marginal

cost curve and creates ampli..cation. The solid line is the model withg <1 and " > 0. In
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this model, the innovative ..rms are not only more productive, but they also expand output
beyond the pro..t-maximizing size. This second channel of ampli..cation works like in other
models of counter-cyclical markups (Rotemberg and Woodford, 1999).

7.2 Labor Supply Shocks

Figure 3 shows the impulse response of the model with respect to aggregate labor supply
shocks, Zi. The results are similar to the ones obtained with technology shocks but the
ampli..cation compared to the augmented RBC model (with capacity utilization and adjust-
ment costs) is larger. This is because a positive labor supply shock will, all other things
equal, tend to decrease the real wage. This decreases the costs of excess overhead labor and
makes delegation more attractive.

Figure 4 compares the impulse responses of GDP to a positive labor supply shock for
dicerent models. The governance model delivers strong ampli..cation by two channels, pro-
ductivity and markup. The model with only the productivity ecect delivers substantially
less ampli..cation. Finally, as in the case of technology shocks, we see that capital utilization
plays an important role.

8 Simulations

I now turn to the comparison of the simulated models with actual US data.

8.1 Technology Shocks

Figure 5 shows the governance ampli..cation in the model driven by technology shocks.
Ampli..cation can be seen in two ways. In the top panel, the governance model is calibrated
to ..t the GDP series (the solid line). Then the structural technology shocks (i) from this
model are put into the augmented RBC model and into the standard RBC model. The
..gure shows that output would have been less volatile without the governance mechanism.
The ampli..cation is 1.5 compared to the augmented RBC and 3 compared to the textbook
RBC.

In the bottom panel, the same result is shown in a dicerent way. This time, both the
RBC and the governance model are independently calibrated. The ..gure shows the path of
the technological driving process u implied by the two models. The shock implied by the
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augmented RBC is one and a half times more volatile than the one implied by the governance

model.

8.2 Labor Shocks

Figure 6 shows the overall ..t of the governance model driven by labor shocks. There is
nothing impressive about the way the model ..ts the GDP series. This is a mechanical
consequence of the calibration procedure. The model should only be judged based on how
well it ..ts the other series.

Figure 7 shows the governance mechanism at work. In a boom, more ..rms are in the
innovative mode and aggregate productivity is higher. The bottom panel shows that the
model is able to replicate the behavior of the (uncorrected) Solow residual. In fact, this is
entirely due to the presence of ..xed costs and capacity utilization. The correct technological
residual (de..ned over gross output and controlling for utilization) looks nearly constant
compared to the Solow residual. In other words, a model without endogenous governance
but with the same average markup would also ..t the Solow residual. However, the model
without governance conficts would need much larger labor shocks and would make counter-
factual predictions concerning the behavior of the real wage, as one can see on the next two
..gures.

Figure 8 shows the labor shocks implied by the dicerent models. The governance mech-
anism provides an ampli..cation of 1.9 compared to either the RBC model or the imperfect
competition model with exogenous markups and productivity.

Figure 9 shows that the models without endogenous governance predict a counter-cyclical
real wage. The governance model reverses this prediction. This is a well known result from
the literature on counter-cyclical markups (see Rotemberg and Woodford, 1999).

9 The rise in idiosyncratic risk and the fall in aggregate
volatility

The decline is aggregate volatility was ..rst described by Kim and Nelson (1999) and Mc-
Connell and Perez-Quiros (2000). Both papers conclude that the decline happened in the
..rst quarter of 1984. Blanchard and Simon (2000) interpret the same ..nding as evidence of
a downward trend in the post-war period, interrupted by a period of high instability in the

1970s. Stock and Watson (2002) present a very detailed study of the phenomenon. They pro-
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vide new evidence on the quantitative importance of various explanations for the increased
stability of the economy and reach mixed conclusions: “Taken together, we estimate that
the moderation in volatility is attributable to a combination of improved policy (20-30%),
identi..able good luck in the form of productivity and commodity price shocks (20-30%), and
other unknown forms of good luck that manifest themselves as smaller reduced form forecast
errors (40-60%).”

I will now propose a tentative explanation for the “unknown forms of good luck.” First,
I will document the fact that the decrease in aggregate volatility coincided with a large
increase in ..rm level volatility. Second, I will show that the model presented above can
rationalize the two facts, and that it suggests a uni..ed explanation.

Campbell, Lettau, Malkiel and Xu (2001) show that individual stocks have become more
volatile. The increase is very large: individual stocks volatility was multiplied by more
than two between the 1960s and the 1990s. My ..rst task is to document the same fact
using “real” (as opposed to ..nancial) data on employment and sales. Chaney, Gabaix and
Philippon (2002) look at ..rm level data using COMPUSTAT. De..ne the growth rate of the
sales of company i between time t and time t + 1:

Btlyive | ,%if)’it

Pe+1
Dity,.
Pt Yit

Sit =

Let N¢ be the number of companies in the sample at time t, and de..ne ..rm level volatility

at time t as: P, uP 1,
2 — —iSit . i Sit
N N

If one does this exercise on the full sample, one sees an enormous increase from 1960 to 2001

(..gure 10). But, of course, there is entry in the panel and entrants are smaller and more
volatile (there are many more “small” ..rms in COMPUSTAT in 2001 than there were in
1960). The results also hold controlling for ..rm size (in real terms), but this is only half
convincing since, with technological progress, the same real sales in 2001 represent a smaller
..rm than in 1960. So I also computed the volatility using only ..rms with more than 1000
employees. The trend is still very large in this sub-sample (.gure 11). A simple way to
summarize the results is to compute the size weighted standard deviation, which is similar
to what Campbell et. al. did for stock prices. Let !;; be the weight of ..rm i at time t:

1, = FQitYit

j PitYit
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De...ne the average sales growth as

X
St = VitSit
i
and de...ne the size weighted volatility as
, X o
Y = Vie(Sit i So)

i
The size weighted volatility is the answer to the following question: suppose you pick at
random a *“chunk’ of sales in the sample; what would its volatility be? The results of this
exercise are shown on ..gure 12%. The aggregate GDP volatility is computed using a 15
quarters rolling window. The two series have been scaled to ..t on the same ..gure. Size
weighted ..rm level volatility is 12% on average before 1984, and it is 20% on average after
1984."

The governance model suggests a mechanism through which an increase in ..rm level
volatility can lead to a decrease in aggregate volatility. In fact, the model suggests two such
mechanisms.

The ..rst and most straightforward mechanism is an increase in the standard deviation
of the h distribution. This will mechanically increase ..rm level risk. It will also decrease
aggregate volatility. The reason is that ..rms in the tails of the distribution do not change
their governance after an aggregate shock. Firms with very low h are conservative in booms,
and ..rms with high h are innovative in recessions. As | have explained abowe, the aggregate
multiplier is a function of how many ..rms switch for a given aggregate shock. This fraction is
smaller when the distribution of the h shocks is more spread out. This leads to less aggregate
volatility. 1 will go a step further and ask what decline in aggregate risk the model predicts
based on the actual increase in ..rm level risk. The model was calibrated using a value for
..rm level risk of 12%, which corresponds to the pre-1984 period®. | will therefore increase
the wolatility of h by exactly the amount required to create a theoretical volatility of 20%
(the post-1984 average), keeping all other parameters constant. The results are summarized
in the following table. The actual decline is from 2.71 to 1.5%. The model predicts a decline
from 2.74 to 2.1%

61 removed outliers by truncating at the 4th and 96th percentiles of the distribution of growth rates.

"There are still many issues with these data. Perhaps most important is the issue of Mergers and
Acquisitions. We try to correct for these biases in Chaney, Gabaix and Philippon (2002), but the most
convincing evidence against a purely M&A driven phenomenon is that Campbell et. al. document the same
fact using daily stock returns.

8 And a log-normal distribution for h:
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2 Periods are: 1964 j 84, 84 j 2001. | Standard Deviation of Cyclical GDP (HP ..Itered)
Actual Change in Volatility 2.71 down to 1.5%
Implied by increase in h j shocks 2.74 down to 2.1%

The second mechanism attempts to explain both fact by an increase in %, or equivalently,
a decrease in the average markup. The increase in % leads to more competition in the goods
market. This will amplify the ewcects of the ..rm speci..c shocks, g and ~, and lead to an
increase in ..rm level volatility. On the macroeconomic front, a decrease in the average
markup also implies a less volatile markup. This will stabilize the economy. The results are
summarized in the following table.

2 Periods are: 1964 j 84, 84 j 2001. | Aggregate Volatility | Firm Volatility
Actual Changes 2.71 down to 1.5% | 12 up to 20%
Implied by increase of % from 4 to 7 | 2.74 down t0 2.2% | 12 up to 20%

Finally, the last ..gure shows how the implied labor shocks change once one controls for
the increase in ..rm lewel volatility. The top panel is the calibrated innovation of the process
for the labor supply shock using the benchmark model. The bottom panel shows the same
series for the pre-1984 period and shows the innovations calibrated using the economy with
large idiosyncratic risk for the post-1984 period. On the top panel, one can clearly see the
decrease in volatility starting in 1984. On the bottom panel, the “break™ in volatility is
much less obvious. In other words, some of the decline in aggregate volatility would have
happened even without the decline in the volatility of the “structural’” shocks, simply because
the economy is now more stable.

10 Conclusion

The main goal of this paper was to study the macroeconomic consequences of the governance
conticts that have been emphasized in the corporate ..nance literature. The theoretical
insight is that governance conticts amplify aggregate shocks. The mechanism is intuitive.
When times are good, insiders enjoy more control over the decisions of their ..rms, which
leads to more hiring and more investment spending. These hiring and investment decisions
feed-back into the aggregate and amplify the boom.

The quantitative investigation reveals three interesting properties. The ..rst is that rela-

tively small governance conzicts can lead to substantial aggregate volatility. The calibrated
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model implies an ampli..cation factor of 1.5 for technology shocks and 1.9 for non-technology
shocks, for agency costs of 2.2% of ..rm’s value. The second result is that insiders’ discretion
leads to an outward shift in the labor demand curve in good times, which can explain why real
wages do not fall in booms without assuming exogenous technological improvements. Finally,
the model also led me to consider a new explanation for the recent decrease in aggregate
volatility. Firm level volatility seems to have increased substantially since the 1960s. The
model ozers two ways to relate the evolution of aggregate volatility to the evolution of ..rm
level risk. The ..rst approach is to treat the increase in ..rm volatility as a mean-preserving
spread of the distribution of idiosyncratic shocks, while remaining agnostic about the deep
causes of the phenomenon. In this case, the reason for the decline in aggregate volatility
is that, when idiosyncratic shocks are large, relatively few ..rms change their governance in
response to aggregate shocks. Based on the actual increase in ..rm level risk, the model pre-
dicts roughly 50% of the actual decrease in aggregate volatility. The second approach tries
to explain both the increase in ..rm level risk and the decline in aggregate volatility with the
same structural change. | have suggested that increased competition in the goods market is
a natural candidate. It leads to more volatility at the ..rm level because small dicerences in
productivity between ..rms lead to large dicerences in equilibrium quantities. It also leads
to a decrease in aggregate volatility because it makes markups less counter-cyclical. When
| calibrate the increase in competition that would explain the increase in ..rm level risk, the

model predicts roughly 40% of the decrease in aggregate volatility.
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Appendix

A Delegation

The model describes governance choices as technology choices. The purpose of this section
is to provide simple micro-foundations for the reduced form used in the paper. The micro-
foundations are based on a Burkart, Gromb and Panunzi (1997). At every period, a principal
(he) and an agent (she) must decide which business plan the ..rm should adopt. The speci..c
expertise of the agent allows her to learn which business plan is good, and which one is
bad. There is always a good businessCPIan, with productivity ¢ = 1, a status quo project
with productivity q < 1; and many bad projects, with productivity less than than q. If the
agent exerts low ecort, she discovers only the status quo. If the agent exerts high exort, she
discovers all the projects. The principal cannot discover the projects by himself, but he has a
monitoring technology that allows him to learn exactly what the agent learns. I will assume
that the principal tries to maximize the value of the ..rm and that the principal always has
formal authority. The timing within each period is the following:

1. Market conditions are observed. These include the aggregate shocks (Z, and ;) as well
as the ..rm speci..c shock (hj;)

2. The principal chooses to monitor or not: mijx =1 or 0. There are no monitoring costs.
If the principal decides to monitor, he will know exactly what the agent knows. If he
does not monitor, he will know nothing

3. The agent decides to exert ecort or not: ejy = 1 or 0. If the agent exerts ecort, she
..nds out which business plan has the high productivity ¢ = 1. If she does not, she
only ..nds out the status quo. E=ort costs ° (ejr) and is normalized such that ©(0) =0

4. The business plan is implemented. The principal always has formal authority at this
stage.

(@ If myy = 1, the principal is informed, and the agent is useless and receives no
compensation. If the agent had made the ezort to acquire information, the prin-
%ipal i;nplements the good project (g = 1). If not, he implements the status quo
q=29)-

(b) If m;y = 0, the principal is not informed and only the agent can implement the
business plan. However, the agent will implement the business plan on a larger
scale than what is needed. She will seek to maximize “py + (1 j ) % instead of
%, and she will hire overhead labor I°. She derives private bene..ts B from doing
S0.

Assumption 2: B > ° (1) and the agent does not respond to monetary incentives

Proposition 2 Under assumption 1, the principal monitors if and only if hy <hf

Proof. If the principal monitors, the agent expects to be held up ex-post and she chooses
the low ecort. In this case, only the status quo can be implemented. If the principal does not
monitor, the agent expects to receive B. Since B > ° (1), she chooses to exert high ecort
and the high productivity project is implemented, with high overhead labor and high output.
This setup is isomorphic to the technology choice described in the text. QED

Burkart, Gromb and Panunzi (1997) discuss the robustness of the result that delegation

fosters initiative. In particular, they show that the result holds with monetary incentives
and under more general monitoring technologies.
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B Aggregate Setup: Technology and Preferences

he setup takes into account both capacity utilization (u) and adjustment costs (°). | use

to denote the fact that C has a trend (to be removed as soon as all the FOCs are derived).
Consumers maximize:

maxx_tulo 3& ’ i i—ALA“ﬂ'IT
Lt;Ce t g e ZtA‘l‘l t
Subject to the budget constraint
3 '2
S |
° (l+g) b TN

kt+l =i t(uy) kt+\k/t|_t+uth|£t+ Et i Et i >

t

I can obtain the Euler equation, the labor supply, and the utilization decision

A LI
Ls = Zt\%/t
t
1 —
= .t
(@) 2 (@) 13
ey i I%t Lo i kt+1
,t@l +°Mk_A = _Et4,t+1 @1+ U1 Resa Tt + O%AS
t t+1
~i0 U) = Ry
A I,

Vsl

t+1 .
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Note that the term 4*4— that should appear on the RHS of the Euler equation is

negligible in practice and was omitted. Gross output of the ..nal good is
MZ 4 T

%il il

§.=ne 0 hi g

R
And the relative shocks are normalized so that 01 hi = 1. There is perfect competition in
the ..nal good sector and ..nal good producers solve:
Z 1
maXpt\’t iN  piela
Yit 0

So that the demand for good i is

A 1.4
Pit _ N;it B

Pt hit! t

And the price level must be such that
Z, Hp_ Taiw
hit ot =1
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There is monopolistic competition in the intermediate goods markets. The production func-
tion is: E N Co
; it = QicMe K j® (1+9) g

Note that k denotes the fow of capital services (including the u term) and | is labor used
for production. ¢ is an aggregate productivity shock, gt is ..rm’s idiosyncratic productivity.
(1 + g) is the Harrod-neutral trend growth. The pro..ts are

ﬁlit = E;iti\k/thtiRtEiti&it
é)it = gg\f/t'lft

There is a ..xed cost in terms of goods é) indexed on aggregate productivity to keep the

number of ..rms constant in steady sate. There is also some overhead labor [i;. | now remove
the trend (1 + g)*. De..ne for the wage (and similarly for all other trending variables):

.

Wt_

S+
So the marginal cost of ..rm i is
A
Cit = q_t
it
- _ 1 H Rt ﬂli@thﬂ®
At —_—

w 1i® ®

But the objective function of the ..rm is to maximize a weighted average of sales and pro..ts.
The weight on sales is “;;. This can be written
V1 11
Pit _ .-
max p_ i (Li icit Vit
t

: i , , -
This program leads to — introducing the notation * ~ %
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The price level condition becomes

VA 1 K Q't 1T%il o
he 25— =AY
0 I it

And the aggregate demands for capital and labor are:
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The equilibrium condition for the labor market is
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and for the capital market
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Where
Z 1

Je) = y hf (h) dh

JO = 1;3(1)=0
And for the marginal cost | get:
.Z 1 1

o 1 . Y >%il
Ak = 7 . hie i i) ot
A = %[I nter (h?)]7i1
) - “1.”3/“i1 i
Inter(h}) = 1+J(h) (i )" . it
So the complete model is described by the following equations:
2 Labor supply and labor demand:
L uZtWt‘ITA
t — _Ct
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2 Euler equation
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2 Capital accumulation
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2 Capital demand
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2 Markup pricing. Usually we get % = 1¢; and we consider symmetric equilibria where

all prices are the same and therefore ¢ = 1. This is what we hawve here, up to an
aggregation factor because not all ..rms have the same markup.
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2 The aggregate factor for pro..ts takes into account the aggregate demand (Y) as well
as the factor prices

o ain Y
AT (RSN

2 Finally the free entry condition says that (unconditional) expected pro..ts have to be
0 . Overhead labor is equal to I” times the measure of ..rms in the innovative mode.

E k] = 0
i = F@iF®)

D Steady State

Let’s de..ne
2 _ 1 Inter2(hy)
(A)" g [Inter (h{)]

Utilization is u = 1 in steady state, and the shocks are also normalized: p =1 and Z = 1.
The zero pro..t condition for each of the N ..rms becomes
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I can solve for h”. In practice, | choose h® such that, in steady state, half of the ..rms are
conservative and the other half innovative. _
I can get the equilibrium real interest rate from the Euler equation:
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| then get the wage from the markup pricing equation:
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and the capital output ratio from the capital demand

Y 1 H1i®ﬂﬂi®

K"E(M) @ R

The consumption capital ratio from the aggregate resource constraint

C Y N
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From the labor demand equation, | obtain
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and | know I* from the free entry condition
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So | can get a ..rst equation in ¢ and .
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Then | use the fact that pro..ts are 0 on the BGP to write
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and to get a second equation
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I can get the capital stock using

WEL
K=—31
K
I can get N from the labor demand equation
1 e @ RT

N=T5Fmr KiT;ew

Finally, I can get A from its de..nition

o Y
Inter (h*) A = g'i /‘m
7

E Numerical Solution

E.1 Log Linearization

State variable: R h i
Control variables: B = b;b;P w; v, b; b

Exogenous stochastic process: b; R

1. Capital accumulation
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is log-linearized into:
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2. Labor demand
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3. Labor supply
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4. Marginal cost/Markup
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5. Capital demand

My ®Wtﬂ®
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6. De..nition of A
Inter (hY) A¢ i nn L _
t3 t |9 %N
IGkro i+ 1 16kr B = 0

7. Optimal utilization

io (Ut) = Rt
b j»b = 0
where » is the elasticity of the depreciation rate. For a discussion, see King and Rebelo,
1999.
8. Euler equation
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Ct K | i (1+09) * Cos t+1Rt+1 T f+1 Koy |

R >
B T ryater * Rue i 2R i b +or R

Note that #' (1) = R simpli..es this equation. In other words, because of the envelope
theorem the capacity utilization does not appear in the Euler equation. And ..nally |
have the parameters:

M . 3 ’%il T
ivf(h) iDL
Ifebr = Inter (h*)
H 3 ’%il ﬂ
if(h?) @i )L
Ifedr2 =

Inter2 (h®)

E.2 Matrix Format

Using a version of Uhlig’s method for dynamic analysis, | de..ne the matrices and then
invert the system using rational expectations. There is one state variable (Q), 7 endoge-
Rous variables gnd 2 driving process (b; 9).The format for the endogenous variables is x =

b; b; P \; ¥, b; b . Matrices have two letters. The ..rst for the type of equation (F for forward
looking, M for the law of motion and the other equations), the second refers to the type of
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variable (S for state, X for endogenous (Jump) and Z for the shocks). Applied to the Euler
equation:

£ o
Fx=£1oooooo
o]
FX4 il 58z 00000

FS = °
FS; = j2°
FS, = °
And for the backward looking equations
2 2 3
i(1+g) lijt 0 0
0 %@% 0 0
0 0 iA 0
MS; = 0 0 MZ = 0 §1+4;
0 il 0 i1
0 0 0
0 0 0
And
2;& 0 0 0 % 0 iR 3
A 0 1 iA 0 0
MX=6 0 1ij® 0 @jI6dr 0 = 168y 0
0 i® 0 ®+|rf€é|r2.1|%r 1 jIrfedr2+2 168y il
0 0 0 | Gebr il 1 168kr 0
0 1 0 0 0 0 i»

With these matrices the system is simply

MS, £S5y +tMSESs+MXEX+MZEzZ, = 0
Et[FS2Stea + FS1Stq + FS st + F Xy Xey + FX X+ FZy 244 +FZ 2]
Ztr1 1 ZZEZ¢ § "t

1!
o o

And | can invert it to get the 4 matrices 9; $Z; R; X such that.
St+1 — Q£8t+52£zt
X = REs, + XX £z

Note that in doing so | also need to check that the model does not have multiple equilibria.
In practice there is enough idiosyncratic uncertainty to make sure this does not happen.

F Firm level risk
The sales of ..rm i at time t are

Pit Yt Qit
- *“h P
P TN ERT T T
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Taking logs and removing the part that is common to all ..rms | get:
A 1
A 8} ) ﬂ%il -

sik=log hi —%

O

It is clear that the distribution of s;; is time-varying since the cutoa h® mowes at business
cycle frequency. | will not attempt to capture the deformation of the distribution, because a
casual look at the evolution of the empirical variance shows that there are very large year to
year changes that are due to merger waves. It is not possible in COMPUSTAT to perfectly
control for this problem. One might hope that the issue is less severe for the long run trend
in volatility. So | evaluate the variance of the growth rate of sales on the BGP. Also in
practice, | use the 4 quarters log growth rate to remowve seasonal ecects that may dicer across
..rms. Since | have assumed that h shocks are iid:

var [Sit+1 i Sit] = 2 £ var [si]

And
£ o) Z Z A A l"l ﬂ%il!!z
Es = fy(h)ydh fg-(q;"jh) log h T
7 1
= ¥(h;h") f(h)dh
Where
W, T © A . Ll T b © A g Ly
¥(h:h") = e pes log? @h 1—,|T$ A+ 1je pes log? @h 1—,|T¢ A
i 1 [
Hh‘ﬂ
- _u — rn£(h>hﬂ)
h
uh'IT
e o = 1E(h>h)

The variance of the growth rate of ..rms’ sales increases with the variance of h, the size of
the deviation from pro..t maximization “® and the dicerence in productivity j.
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