ISSN 0265-8003

ON THE VIRTUE OF BAD TIMES:
AN ANALYSIS OF THE INTERACTION BETWEEN
ECONOMIC FLUCTUATIONS AND
PRODUCTIVITY GROWTH

Philippe Aghion and Gilles Saint-Paul

Discussion Paper No. 578
October 1991

Centre for Economic Policy Ressarch
6 Duke of York Sirest
London SW1Y 6LA
Telk (44 71) 930 2963

This Discussion Paper is issued under the auspices of the Centre's
rasearch programme in International Macroeconomics. Any opinions
exprassed here are those of the author(s} and not those of the Centre for
Economic Policy Research. Research disseminated by CEPR may
include views on policy, but the Centra itself takes no institutional policy
positions.

‘The Centre for Economic Policy Research was established in 1983 as a
private educational charity, to promote independent analysis and public
discussion of open economies and the relations among them, Rt is pluralist
and non-partisan, bringing economic research to bear on the analysis of
medium- and long-run policy questions. Institutional {core} finance for the
Centre has been providad through major grants from the Leverhuime
Trust, the Esmée Fairbairn Trust, the Baring Foundation, the Bank of
England and Citibani; these organizations do not give prior review to the
Centre’s publications, nor do they necessarily endorse the views
expressed therein.

These Discussion Papsrs oftan represert preliminary or incomplste wori,
circulated to encourage discussion and comment. Citation and use of
such a paper should take account of its provisional character.



CEPR Discussion Paper No. 578
October 1991

ABSTRACT

On the Virtue of Bad Times:
An Analysis of the Interaction Between
Economic Fluctuations and Productivity Growth*

This paper develops a simple model, which shows how economie fluctuations can
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during recessions, Itis then established that the average growth rate of the economy
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NON-TECHNICAL SUMMARY

This paper develops a simple model which formalizes the idea that economic
fluctuations can stimulate productivity growth, We show that firms tend to invest
more in productivity growth, either by reorganizing their production activities or by
investing in technical progress, during recessions which are expected to be followed
by an expansionary phase. In our framework, recessions tend to increase the rate
of productivity growth because of an intertemporal substitution effect: the opportunity
cost {in terms of forgone profits) of investing part of their capital or labour resources
in technological improvements or in managenal reorganizations is lower during
deprassion phases, and the more so when the discrepancy between booms and
slumps is large.

in Section | of the paper we analyse the impact of economic fluctuations on
productivity growth in a one-firm (or one-sector} model, where the sole producer
must decide at each instant how to distribute its labour force between rearganization
{or R&D) and production activities. Economic fluctuations occur randomly according
to a stationary Markov process. We show that the average growth rate of the
one-sector economy is an increasing function of the amplitude of the fluctuations,
and that it increases with the frequency of recessions, provided that the initial
frequency of recessions is fowsr than that of expansionary phases.

i Section Hl we develop a multifirm (multisector) extension of the basic model where
firms are subjsct to uncormrelated idiosyncratic shocks of the same kind as in Saction
L. We find that the average growth rate {(whose computation invoives some additional
technicalities) depends on the amplitude and frequency of fiuctuations in a similar
way as in the cne-firm case. The difference is that in the multi-sector case the growth
process introduces an additional discounting effect working through relative prices
over time {the extent of which increases with the degrese of substitutability across
products),

in Section lll we analyse the combined effects on productivity growth of idiosyncratic
fluctuations {as formalized in Section I} and the occurrence of aggregate recessions.
We find that these two components of economic fluctuations tend to reinforce each
ather, the more so when firms incur {large) fixed costs of production. More generally,
the existence of large fixed costs of production will tend 1o strengthen the impact of
economic fluctuations on growth.

In Section |V we show that under a natural interpretation of our modei where firms
continuously hire or fire workers, both in their ‘reorganization’ and in their ‘production’
divisions, the main results of the previous sections are consisterit with the evidence
in Davis and Haltiwanger {1990} or in Blanchard-Diamond (1990) concerning the
cyclical behaviour of job creation and job destruction: job destructions are
concentrated in recession periods, whereas job creations are subject to relatively
smaller fluctuations over the cycle.



Introduction

For years the problem of the trade cycle and that of the
dynamic process of economic growth have been recognized as being
closely interrelated.

However, for several decades, the two phenomena had been
investigated separately by the econonic literature: in particular
the accelerator-multiplier (or oscillator) model that followed
and extended Keynes’General Theory had initially neo trend
component in it.

"As a pure cyclical model, it had therefore little
resemblance to the cyclical fluctuations in the real world, where
successive booms carried production to successively higher
levels" (Kaldor, 1954).

More recent versions of the oscillator model (Hicks, 1950:
Kalecki, 1938,...) leooked to overcome this kind of criticism by
superimposing a linear trend on the original model without
altering its bpasic properties. The trend itself was not
explained, but rather intreoduced from the outside either by
assuming a linear percentage growth in population or by
introducing an exogenous source of technical progress.,

The same applies to Goodwin (1967), although his model was
the first to provide a consistent explanation for the cccurrence
of endogenous economic fluctuations as the deterministic outcome
of growth, thereby connecting the two phenomena in a less
arbitrary way than the previous models. But, }like in all other
models of cycles, the process of economic growth was left

fundamentally unexplained.



Analyzing the relationship between econonmic fluctuations and
the determinants of growth, Kaldor (1954} concluded:

",.. so far from the trend of growth determining the
strength or durations of booms, it is the strength and duration
of booms which shape the trend rate of growth. It is the economy
in which business-men are reckless and speculative, (...} where
high and growing profits are projected into the future and lead
tc the hasty adoption of “unsound" projects invelving
overexpansion, which is likely to show a higher rate of progress
over longer periods. The same forces therefore which produce
violent booms and slumps will also tend to produce a higher
trend-rate of progress®.

In this paper we develop a simple model which formalizes the
idea that econonmic fluctuations can have a stimulating effect on
productivity growth. More precisely, we show that recessions,
when expected to be followed by a new expansionary phase, are
times where firms tend to invest more inte productivity growth,
either by reorganizing their production activities or by
investing in technical progress.' The main reason underlying the
positive contribution of recessions to the rate of productivity
growth is the following intertemporal substitution effect: the
cpportunity cost, in terms of foregone profits, of investing part
of their capital or labor resources in technological improvements

or in managerial reorganizations is lower during depression

! pur model is inspired by the work of Schumpeter (see 1939,
1950), who used to describe recessions as times where
entrepreneurs invest in fundamental innovations rather than in
imitation activities.



phases, and the more so when the discrepancy between booms and
slumps is large.

More precisely we analyze the impact of economic
fluctuations on productivity growth in a one-firm (or one-sector)
model where the unique producer must decide at each instant how
to distribute its labor force between reorganization (or R & D)
and production activities. Economic fluctuations occur randomly
(as in RBC medels;) according to a stationary Markov process. We
show that the average growth rate of the one-sector economy is
an increasing function of the amplitude of the fluctuations and
that it alseo increases with the freguency of recessions provided
that the initial fregquency of recessions is lower than that of
expansionary phases.

A particular stylized fact supporting ocur approach? is
produced by Davis and Haltiwanger (1990) who show - on the basis
of a US data set covering the period 1972-1%85 and desegregated
across manufacturing firms and sectors - that the amount of job
reallocation across sectors and firms is larger in aggregate
recessions than in aggregate booms. This suggests that a lot of

activities are going on in recession, the value of which may not

? other pieces of evidence which do not invalidate our
analysis include, first, the empirical finding (established by
Saint-Paul (1991) on the basis on OECD data)} that between 1974
and 1989 the developed countries that have experienced higher
rates of productivity growth are also those that have experienced
a higher of unemployment. The same data show that the variance
of GDP in percentage terms and the average growth rate of the
Solow residual appears to be positively correlated if one chooses
Japan at the bottom of the correlation, the U.S5. (or the U.X.,
France, Germany) in the middle of it, and Belgium at the top end.
{However the comparison between the middle countries mentionned
above, whose Jlocations on the variance-growth curve are
relatively very c¢lose to one another, shows no significant
correlation positive or negativej.
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show up in GNP, like reorganization, implementation of new
technologies, etc, which, in addjition to being gquite consistent
with our model, may also explain the pro-cyclical behavior of
productivity.

Two related recent papers include Hall(1991) and Gali and
Hammour {1991). The latter, in particular, find, using time
series data on the U.§5., that the long~run effect of a negative
demand shock on productivity is positive, which is quite

consistent with our model.



The Model

We now present the main features of the model. We consider
the case of a single representative firm. The firm is infinitely
lived and at each point in time it can empleoy one unit of labor

and thereby generate a current flow of profits equal to:

O = y.e* {1)

where x is a techpnological parameter measuring the productivity
of labor at that time, and y is a profitability parameter
reflecting the current opportunities of the firm, e.g. the
current demand for the firm’s product or its current production
costs. Te simplify the analysis, we assume that the

profitability parameter y can only take two values;

y ey vy,

where y, measures the firm’s profitability when the economy (i.e.
the unigque productive sector} is in recession and ¥, measures the
firm’s profitability when the economy is in expansion: we
naturally assume that y, < y..

The state of the economy {i.e. the firm’s profitability) is
assumed tc be random. and more precisely to follew a Markov
process with parameters (e,y), where y is the flow probability
of a transition from expansion {state E) to recession (state R}

while € is the flow probability of the reverse transition.



At any time, the firm may decide to allocate a share (i~h)
of its current profits to R&D activities =o as to improve its
technology X.

Let v > 0 denote the speed of the firm’s technical progress,
This speed will be endogenously determined, as a choice variable
of the firm, by the trade-off between current profits {net of R&D
costs} and the future NPV of the firm which increases with the
technological parameter x. More formally, teo induce a

technological improvement v.dt during the time-interval dt, the

firm will have to sacrifice a share {l-h(v)} of its current

profits' during the same time interval. We assume:

Hi + h{0) =1: fir < 0; K" < 0. {(Figure 4)

Figure ]

let Vi (x; and V. (xj denote the firm’s NPV when its current
productivity parameter is equal to x and the economy is

respectively in a current state of recession or in current state

Assuming constant returns to scale, this is implied by
the firm having to devote a share (1-h(v)) of its labor
force to R&D activities.
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of expansion.® If r > @ is the rate at which the firm discounts

its future profits, the value functions V. and V, will satisfy

the following Bellman egquations:

Velx) = Max[y h{vie~*. dt

* (Lerdt) AV (x+vdt) (1-edt) + edtVy{x+vde)i]
& } (B)

Velx) = Maxiygh{vie*.dt
v

+ (1-zrdt) Avp{x+vde) {(1-yde) + ydeVe{x+vde) ]

In words, if the £irm is currently passing through a

recession, and devotes the fraction (l-h(v}) of its ocurrent

profits y.e* during the time interval dt, then at the end of this
time interval (which the firm discounts at rate r} the firm will
have reached the technological level x+vdt; furthermore, by then,
the econcmy will have switched to an expansionary phase with
probability edt and remained in recession with the complementary
probability: hence the first Bellman eguation in (B}. The second
Bellman equation is identically interpreted except that the twe
states R and E must be permuted and the transition probability
¢ must pe replaced by the symmetric flow probability vy.

The optimal rate of productivity growth v, in recession

phases is given by the first-order condition:

2 To the extent that the firm’s optimization problem is
stationary, V, and V; do not directly depend upon time
t.



ex, yplir (v} + Vi(x) =0 (2)
where V' = dv/dx.
{{2) is simply obtained from the first Bellman equation in (B)

by letting dt - ¢ and by differentiating w.r.t. v.}

Similarly, the cptimal rate of productivity growth v, in
expansion phases is given by:
e ygh {vp) + Vp(x) =0 (3}

Assuming, which is indeed the c¢ase in equilibrium., that the

firm’s values V, and V; evolve like current profits according to:

viix) = vi.e™,

the above conditions can be simply reexpressed as:

vy = -2, ielgr. (4
Y;

Then, if we assume that the cost of R&4D is convex, i.e. h*(}
< 0 for hi{v) € (0,1}, we can sense from {4) that the firm will
invest a higher share of its labor force into research where the
econolmy 1is recession than when it is in expansion. Indeed, the
ratio between the NPV V (%) and the current profits I (x} = e*.y,,
i.e. V(xj/I[{xy = Vi/y,, will be higher in recession periocds
since both Vj apd V{ are discounted sums of profits over the
firm’s life time where both recessions and expansion phases occur
with probability one; this in turn implies that the ratio of NPVs
in expansion and recession should be snmaller than the
corresponding ratio between current profit flows in the two

states of the economy.



More formally:
Propesition 1: (&} Assuming that h"(vi < 0 for h(vi € (0.1}.
there exists a unigue [stable] equilibrium
(Ve V) -
(b) Furthermore, if both v, and v, are interijor
solutions., we have: v, < V..
In other words, the economy will grow at a slower rate in
expansions than in recessions due to the fact that the
opportunity cost of research is lower in the latter case, oOur
result supports the empirical observation that firms tend to
recrganize their production activities more during recession
periods. It alsc supports the observation that sectoral
reorganization {e.yg. labor reallocation) is positively correlated
with the occurrence of recessions. (See Davis-Haltwanger (1990},
Blanchard-pDiamond (1989) and Section 4 below.)

Proof of Propositien i: (a; Letting 4t - 0 in the Bellman

equations (B), we obtain the
following differential system in

Vpi{x} and Vi (x):
0 = ~{r+e) Vy(x) + v Vp{x) + eVylx) + h{vgiye* (5}

0 = ~{z+y) Velx) + vpVp(x) + yV,(x) + Alvy) ye¥ {6}

This yields: V. (x} = V{.e*, 1 € {R.E}, where:

{r+e-v,) Vg = Vg + hvyly, (7)

and



(r+y-ve) Vg = yVg + (v v, (8)

Using the first-order conditions (4} above, we end up with

a non-linear system in (v, v}

B (vg) = pel{rse-vp b (vy) #h (v} = FF ()
(%)

B

A vy gunywvgm-(vg) *hivg] = 86(vy) ()

where 8 = vy /vy,

The uniqueness of Ve,V Tesults from their being the outcome
of the firm’s goncave® maximization problem. TFurthermore this
equilibrium is "stable" in the sense that:

dvy dvy]
(“a?f;]/#z : ('&‘ﬁ,)/#i >t =3

{This last inequality follows from the fact that

dvg) (v} _ (r*e“vﬂ](rw—vz})l
@) (@)~ e Ty

by (7) and (8) above.]
This establishes part (aj.

{b} We can rewrite the above equations (7} and (8) as:

Given that the firm’s initial value is necessarily lower in

recession than in expansion (i.e. Vj < Vi}. we have, from (10}:

As long as we restrict the analysis to the domain
where h < 0.

10



e YRTVE _ vy - h{vy
v b (vy)
& ; (10}
VaVa A,
Iy 50R=g-m—~———{x"
vy he (v

Flvy < Flvg

where £(v} = - h(v)/h’{vi: Part (b} then follows from the fact
that £ (v} = h.h"(v)/(&'(v}}? < 0 whenever h(v} € (0,1). n;
Using this basic result, we shall now analyze how the

averade growth rate of the esconomy varies with both the amplitude

and the frecuency of random fluctuations.

Given that the random process is Markovian with flow
probabilities of transition ¢ and y respectively f£rom expansion
to recession and vice-versa, the firm will spend on average a
fraction (y/y+e) of its life-time in recession and the remaining
fraction in an expansion phase. Hence the average growth rate

of the firm’s productivity will simply be:

gm.....x....v-i-

vre % y+e

V- {11)

A first straightforward Corellary of Proposition 1 is that dg/dr
< 0. Indeed, it follows from equations (§) above® that both v,
and v, are decreasing functions of the discount rate r; this is
not surprising: the higher the interest rate, the less firms

will invest in R&D whatever the state of the economy.

4 And from the fact that (dvp/dv}{dv,/dv.) > 1.

11



Figure 2

Hence dg/dr < 0 from the above (11). o

More interesting is the relationship between growth and both
the magnitude and the frequency of economic fluctuations. First,
we can analyze the effect on growth of an increase in the ratic

8 = y./y, which measures the amplitude of the random

fluctuations. Using the two equations (%) above. we can indeed

establish;

Proposition 2: Under the same assumption as in Proposition 1, we
have: dv /d6 > o; dv /48 < ¢; and dgsd@ > 0
provided h"(.) is not too negative,

In particular, if the R&D cost is close to be quadratic, the

average growth rate of the economy will be positively correlated

with the amplitude of the fluctuations. In any case, the
relative incentive for the firm to invest in technological
progress (or in reorganizationi during recession phases does
increase with the amplitude parameter 8. This result formalizes
one aspect of the relationship between cycles and growth that had
been envisaged, although not explicitly, by various authors and
especially Schumpeter. on the other hand, as far as we know,
only the reverse causality from growth to cycles has been

formally analyzed in the existing literature. (See Matthews

i2



(1267} and Lordon (1991) for good surveys of the "growth and
cycles" literature.)

Proof of Proposition 2: Differentiating the system of eguations

(#) with respect to v, v, and 8, we

get:
B (vy) dv, = ‘“"""S’h;“’ﬂ’ Y2
{(12)
+ & try-vpn v av,
. _ 1 | (rre-vp) A {vy) vhi{vy)
R {vp)dv, = i - LS 2 {8
{13}
. 515 (r+e-vy) h* (vy) dv,

Substituting {13) into (12) and again using (#), we obtain:

dvg. B" (v .(1 . Zryove) (rvevy) ) AV m
Ye ¥
& + {14)
. “po s _ Arey-vid{r+e-vp) ) 1 h(vy)
dvg. 7 {vy) .(1 e ) = _@ e.x 0

Given that h" < 0 and that (r+y=v) (r+e-v,) > vy¢ by
Proposition 1, we have shown that dv, /38 > 0 and avE/aa < 0.
Finally, the overall effect on growth of increasing the size

of fluctuations is determined by:

13



dg . ¥ j;r . € avg

@ Yee y+e
. v [Ave 1 hlvy)
(y+ )(1 _ (r+y-—v8) {r+e-—vg)] h-(VR) 0 h.(V;_-j
Y e ve
<0 sign ?

Given that 8 > 1, the expression in brackets will be negative
when h is [almost] quadratic. since:
Ve < v, implies h(v.) > h(v,), i.e. + 1787 h(vy) < h(vy).

More generally. it suffices that h(v,)h"(v,) > RB{v.)h"(v.) for
the expression in brackets to be negative (since h" < 0}: as v,
> Vg, it suffices that h.h" be increasing in v, or equivalently
that h" not be too negative, o

To complete our comparative static analysis of the one-firm
case., we still have to analyze how the average growth rate g is
affected by an increase in the freguency of upward or downward
economic fluctuations. Consider first an increase in the
frequency of recessions, i.e. in the flow probability y. Given
that the rate of technological progress is higher during
recessions (Proposition 1 above), an increase in y will have the
direct effect of increasing the average growth rate g, i.e.:
dg/dy > 0. In other words, to the extent that recessions induce
firms to invest a higher share of inputs into research
activities, an increase in their fregquency has a direct positive
effect on growth. The indirect effect through the endogenous

speeds of technological progress v

x and v, goes, not

surprisingly, in the opposite direction; i.e.:

14



Proposition 3:

dv, dvy dvy, dv,
— ; Po—== 0 —==>0
| o <0 P> <G pn ] e >

Intuitively, the more frequent the recessions, the less the
firm is likely to take advantage of having reached a higher
productivity level: this, in turn., will tend to discourage
research activities whatever the current state of the economy (R
or E}. The opposite will hold if one increases the frequency of
expansion phases.

Proof of Proposition 3: Differentiating the above equations (4§)

with respect to e, Vg, Vs We have:

(¥l {vy) —yh {vgh ) de
+ {r+e-vy yh" (vl dvg-ey i {v i dvy = 0
& y (15}

(r+y-vy) yh" (v dvy

= yYyRit (vy} dv,.

Substituting the latter egquation into the former, we get:

(yehe (V) -y {(vy) 1 de
(163
(r+e-vy) (r+y-vy)

= yeh" {vgile - Y

Ldvg

From Proposition 1 we know that the expression in brackets is
negative and therefore the RHS of (16) is positive whenever h” <

0. Moreover, from the first-order conditions (4) we have:

15



Yl (vel =y (V) = (VE-Vg) > 0.
This, in turn, implies that dv/de > 0, which by the second
equation (15) implies also that dv,/de > 0. By symmetry, if we
differentiate (#} with respect to v, vy and v, we end up with the

equation:

(el (V) =yphe (V) iy
{16}’

g o) g,

= yplt (Vg)[Y - e

The RHS of (16}’ is again positive, but now its LHS will be
negative equal to (Vg-Vi}dy: hence dv,/dy < 0, which by the second

eguation {15} will imply that dv/dy < 0. e}

This proposition implies an ambiguous effect on the average
growth rate g of an increase in either the frequency of
recessions or that of expansion phases. For example, the direct
effect of an increased frequency of recessions is to increase
growth (since v, > v} whereas the indirect effect working
threugh dv,/dy and dv./dy goes in the opposite direction.

The overall effect on growth will generally be
indeterminate, except when the amplitude parameter 8 is close to

1, in which case the following result can be established:

Proposition 4: When 8 is sufficiently close to 1, we have:

yre =» cop

ay

and

16



vy <e = 49, g,
oy

In words, when 1initially the frequency of recessions is
higher than that of expansion phases. an additional increase in
¥y will essentially discourage the firm (or sector) from pursuing
research activities since the expansion phases, where the
benefits of these activities could best be captured, are expected
to become even more rare or unlikely.

At the opposite., if the expansion phases are expected to be
relatively more frequent, the direct positive effect on growth
of an increased frequency of recessions will eventually dominate.
(Figure 3}.

Proof of Proposition 4: Let 6 = 1+a, where a 1is a gmall
positive number. We can then rewrite
the above equations (#) in v, and v,

E

ass:

he{vg) = %{1*:{) [ (r+e-vy) e (vg) +h{vy)]
()
b vy = —%(1-?::') [{r+y-vi e (vl +h{vp} ],

Let us denote: v, = v+w, and Vg = Vtw., where v would be the
stationary rate of productivity growth if 8 = 1 {i.e. if ¥ =
Yp}, and let p = R'{v)/n"(v) > 0. when & is close to 1, we can
use the first-order linear approximations:

heivy) = he{v) +w, B (V. i=ER.

Substituting in (#)’, we end up with the linear system:

17



we= - ap + %[(I‘PE-V} Wa~ W]
(H-

Wy = ap + %{(rw—v) Wy pWgl .

This system yields:

y{r-{v+pilap
ey~ (r+e=~{v+p) 1 (r+y-(vsph)

ol

Wg =

and wp = - £ Wy,
¥

[D > 0 by stability of the sclution to (#).]

We can then compute the total derivative:

dg . y G99 e dw vy &
& T vwd e dy MY g

<0 <0 >0

[indirect effectsl fdirect effect]

Using the fact that:

dw - - 2
= Tapl{r-{v+pjiie
bl o (< 0}, and

dwy _ -ap{r-(v+p)ii{ree-{v+pi]

o2 (< Gy,

we end up with:

_i_fd_g = - %—% (z=(vep}i?®. (y-e}.

Hence:

18



dg
— 0 <= < g, I
v > > y<e

Two remarks to conclude this section:

(a} The overall effect of an increased freguency of
fluctuations involving both dy > 0 and de > 0 on growth
will be ambiguous, and again depend on the relative values
of € and y. Suppose for example that both y and ¢ were to
be multiplied by the same factor 1+x > 1, & small. Then,
in the case where 8 is close to 1, we know from Proposition
4 that if vy is initially larger than €. we have dg/dy < 0
and dg/de > 0. Then, dg = dg/dy.dy + dJg/de.de will be
negative if y was initially sufficiently larger than e. By
symmetry, dg will be positive if initially the expansion
phases were significantly more frequent than the
recessions.

(b} One can show that the introduction of fix costs of
production reinforces the indirect effects of ¢ or v on g:
The above analysis, together with the first-order
conditions (4}, imply that dVi/dy < 0 and avi/dy < o©.

Now when vy becomes sufficlently large, we may end up with:

Ve > £> VR,
where £ iz the fix cost of operating. But as soon as the value
V; falls below the fix cost f, the firm will only operate {or
innovate} during the expansionary phases, so that the average
growth rate will fall down to v, < y/y+e vy + e/yte V.. This

establishes our claim. a
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{(c) It is possible to extend the model to take into account
heterogeneity across firms. fThis is done in appendix A. The
intuitions are basically unaltered compared to the single-firm
case we consider in this section. The analysis is however useful
to analyse how., in a general equilibrium framework, the results
are affected by the degree of complementarity across
differentiated firms and, more generally, firm’s interactions
with each other.

{8} The main effect at work here 1s the intertemporal
substitution effect : it is optimal for the firm to reorganize
activities and implement new technologies during a temporary
recession. to benefit more from the following boom. A permanent
recession, i.e. a once-and-for-all drop in Y, and ¥, has no
impact on productivity growth, since it only depends on relative
levels. If fixed production costs are present, it may be the case
that even a permanent recession has a positive impact on
productivity growth. This is demonstrated in appendix B in the
context of the multi-firm version of the model. The jintuition is
quite simple: if the fixed costs is associated with production
activities and not with development activities, and if it is not
proportional to the firm’s level of technological development,
then a permanent recession is marked by a drop in profits that
the firm can overcome by investing in development activities,
which would contribute to cover the fixed cost in the long run,
thus offsetting the direct, negative impact of the recession.
This is, in some sense, a "lame duck effect!: low productivity

firms are in danger in recession because it becomes increasingly
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difficult for them to cover their fixed costs. This creates an
incentive for reorganization.

CONCIOSTON

Our model has highlighted the interactiocn between aggregate
fluctuations and economic growth. In particular, we have
emphasized the idea that aggregate fluctuations may well be
valuable as a stimulant for growth.

This hypothesis is related to a long standing debate in the
literature, and there are some indications that it might be
validated by the data. On the other hand, more empirical research
is clearly needed in order to assess the importance of the
various effects we have pointed out in this paper. For example,
1s our analysis supported by existing cross-secteral dynamic data
on R&D or by evidence on industry turnover along the business
cycle ?

On the theory side, a natural research direction consists
in analysing the feedback from growth to fluctuations: in
particular, as we have argued above, it is natural to suppose
that the productivity improvements generated by a recession, are
themselves the engine of a further recovery. Such analysis would
be the first step towards a theory where bhoth growth and
fluctuations would be endogenous,

Other extensions would involve introducing unemployment in
the anélysis sketched in Section IV, e.g. following Pissarides
(1990}, so as to account for the observation that the rate of
unemployment is positively correlated with the rate of labor

reallocation across firms and sectors. Finally one might try to
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close the model further, e.g. by introducing intersectorial
correlations between idiosyncratic fluctuations or by explicitly

modeling the demand side of the economy.

Appendix A: The Multisector Case

In this section we consider a more complete version of the
previous model where we c¢an analyze the role of aggregate and
idiosyncratic shocks separately. We assume that there are a
continuum of firms (or sectors) with a total mass of 1. Let any
particular firm be indexed by 1 € [0,1]. Each firm is located
on the technological axis. Let x;, denote its position at time
t, as in the previous section. We assume that each firm is
characterized by a productivity parameter p,. The way this
productivity parameter affects costs will be specified further
below. In addition to that, firms are subject to an
idiosyncratic shock which follows the same process as in the
previous section: when the firm is in an expansionary state, its

productivity parameter is:
Pic = Yge ™ hlvy)

where v, is, as in the previous section, its speed in
technological adoption. When the firm is in the recessionary

state, its productivity parameter is:
Py = Vet h(vy,)

where y, < y;. Again, ¢ is the flow probability of a transition
from state E to state R, while ¥ is the flow probability of the

reverse transition.
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We assume that the firms all produce differentiated goods.
Let p;, be the price of firm 1's good at time t, and let P, be the
aggregate price level. Following recently popular specifications
(Blanchard and Kiyotaki (1987}, Dixit and Stiglitz {1979)), we

assume that the demand for good i is, at time t:

it

D (2.1)

Zye = Ap D, S (T

where A, 1s aggregate demand at time t, and P, the aggregate

price level, defined as follows:

pe = {f plas)" "™

One can then define aggregate production:

A - AN/ (n-1)
z, = Z5 = a0/ g0
t 4
P

The simplest way to interpret this equation is to assume an
open econony selling its goods on the world market: p, is an
index of the relative price of home goods: A /P, 15 the demand
for home goods, where A, is world expenditure on home goods: the
demand for good i will then be iscelastic in Py, provided home

goods enter in the utility function of world consumers through
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a CES aggregate consumption index. Aggregate fluctuations then
come from fluctuations in the relative demand from home goods.®
We assume that the cvost of production of firm i when it

produces z,, is:

?

z

e lzyy) =( 1:] (2.2}
Pic

where B 2 1. When B = 1, each firm has a constant returns

production function with productivity p,, whereas when § = 4=,
each firm has a fixed capacity egual to p,.

Idiosyncratic fluctuations are thus fluctuations in the
firm’s state, E or R, while aggregate fluctuations are
fluctuations in the aggregate demand index A,.

Bach firm’s production and price peolicy at time t can then
be derived from profit maximization using (2.1} and {2.2}. One
has:

(B-13 (n-1} -
ToR{B-17 1+qtg—xi

Pe Pie

B-1
= K Al'n( =1}
= K, A¢

By

1 nf
" 1en{B-1} Tem (B-1} Tenif-1y
Zye = KA pe " Pit = Ze(Xqp) Vi)

L Bin-i} a(n-ili (2.3)
RiE- aiF-17 | 1sniB- .
ng, = K.Arl A 1f-1] th. nif Pi:“p 1

where the K’s are positive constants. This last equation can be
rewritten:

where:

5 Alternatively, one could interpret aggregate demand a,
as nominal money, p, as nominal prices, and the cost
function as nominal costs under rigid nominal wages.
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r;, = M e" G (v,) (2.4)

pig-1} fin-1}
M‘f =K A 1»:1(3—17 pxont -1) 1sn{p-1)
t = t

¢ Y4
g = g{n-1}
1+ ({p-1}
G{v) = h{vi¥

25



and J € (E.R} 1s the firm’s state. Therefore, a unit move on the
technological axis yields a relative increase of p in terms of
profits instead of 1 as in the previous section.

This ilmplies that the firm’s position on the technological
axis will enter in its value function as a multiplicative term

in eb*,

Let VE e*™c({resp. vie* be firm i’s net present value
t £

when it is located at x;, -at time t and when it is in expansion
{(resp. recessionj. Then one has:

VE
IV = Argmax MZG(v) + c;; + pvvy + y(VE-VvE {2.5)
T |

R
Argmax MiG(vi + i‘; s oVl + VE-VE). (2.6)
v

1

rvE

This yields the following first-order condition for vi

G (vy) = ~pvi/Mi, (2.7)

where j € {R,E} is the firm‘s state. This eguation is quite
similar to equation (4) in the previous section.
The above results can be summarized in the follewing:
PROPOQSITION 2.1: At each time t, the speed of firm i in state
i, v, is determined by equation (2.7): the
firm’s value functions Vi evolve according

to:
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dv®
el Gt A LA A

o
#H

MEgivE) +

R

dv,
0 = MIGIVE) + —L - (ree-uvi)Vi + evy

Before we study the impact of aggregate fluctuations in this
model, we first characterize the aggregate steady-state of this
eccnomy when A, = A is a constant. If aggregate output Z grows
at rate g, the price level p, must decline at rate g. This

implies that M, can be written:

M= Mye eetyl,

This implies that the solution to (2.5}, {2.6) and {2.7)
must be such that V! = v}e™'. Hence, as in the previous section,
the firm moves at a constant speed v, 1n expansion and vy in

recession, with:

_ —n v

G {vy) = HVy

A

. -pVE

[l (VR} = _.E.......E.

HBYR

and, from {2.5) and {(2.6}:
0 = MyEh{v)P - {r+pgry-uvy) VE + yvi {2.8)
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0 = Mykh{vy® - (repgre-pvy) VE + evf. {2.9}

Paquations (2.8) and (2.9) are identical to those derived in
the previous section, except that r is replaced by r’= r+pg, v,
by pv,, Y; by F@y?, and h by h*. The average growth rate g enters
in the equations as an additional discounting effect because the
more the economy grows, the faster the price level declines.
Hence the future is more heavily discounted because output will
be s0ld at a lower price. This discounting effect is greater
when p is greater, i.e. when there is more substitutability
across products or when decreasing returns are strong.

The determination of the growth rate is illustrated in
figure 2.1. The GG schedule defines the growth rate as a
function of the effective discount rate r'. The way it is
determined is identical to what was obtained in the previous
section, once the adequate transformations have been made. The
DD schedule defines the effective discount rate as r = r+ug.
The equilibrium growth rate is determined by the intersection of
the two schedules. Comparative statics are easy to do: whenever
a parameter has a positive impact on the growth rate in the
previous section. it will shift the GG locus upwards here. Hence

it will have the same effecf as in the previocus section. Thus,

one gets
PROPOSITION 2.2: dg/d8 > ¢ provided G" is not too negative:
dv v,
EXE(O;M‘:o: dV’>G; e s 0.
ay Y de de
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Proof: Notice that h i1s replaced by G and apply propositions 1.2
and 1.3,
O

To complete our characterization of the steady state, we
need to derive an explicit expression for the aggregate growth
rate g.

As will be seen below, there does not exist a stationary
distribution of firms across states and relative locations: the
set of locations on the technological axis keeps spreading as
time elapses. However, aggregate production asymptotically grows
at a constant rate g, which is what matters for our present
purposes.

To compute this aggregate growth rate, let us denote by
£;(t.x}dx the number of firms in state j at locations between x

and x + dx at time t. f and f; evolve according to:

ar, of,
TE T etV (2-10)
ar ar,
T T Vea YVt eh (2-33)

Inspection of (2.9} and {2.10) reveals that there is no
stationary (i.e. invariant by translation) distribution of firms.
This is due to the fact that the distribution of firms spans all
the locations between the slowest-moving firm (which is always
in expansion and moves at speed v.). and the fastest-moving firm
(which is always in recession and moves at speed v,). But the gap
between these two firms does not stop increasing and at an

exponential rate.
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However, this is no real problem for our purpose, since we
are only interested in deriving an expression for the aggregate
growth rate. Equatieons {2.10) and (2.11) can in fact readily be
aggregated, leading to:

PROPOSITION 2.3: The steady-state growth rate of the econony

is given by:

(B lvyrvi) = (ery) + [TV v, +e-yyraey)
26

g =

Proof: Let us define:

. FALES Y] .
2= ([Tzxvp g ad " 5 e R

i.e. output aggregated over all firms in state j. Let us also

define Z{ = z{™"/" . Then (2.10) and (2.11) yield, after using
the definition of 2,(...1 and after integrating by parts:
5B e - {g-1)2 ) 5R 55 {2.12)
Ze (’”’" ¢TI ) G Y%

g _ el (n-132 ]-s 58 (2.13)
“e (’W"' Y T ST @e (B MRS

These two equations imply that in steady state the (i?,i@

vector grows at a rate equal to the highest eigen value of this
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system and becomes proportional te the corresponding eigen
vector. Let A be this eigen value. Then, since 2, = (i’;_‘ + if)"""‘”,
one has g = An/(n-1). Substituting this into the characteristic
equation of the (2.12)-(2.13) systen yields the following second

degree equation:

{Bvy-e-ug) (Bvg-v-pgi - eg =0
thus completing the proof.

In spite of the more complicated expression just derived for
the aggregate growth rate g, straightforward computations can
show that the analysis of the comparative static effects of
Ve:Ve,€ and ¥ on g produces the same results as in the previous

section:

PROPOSITION 2.4: dg/de < 0, dg/8y > 0O, dg/dv, > 0, dg/dv, > 0.

Proof: obvious.

PROPOSITION 2.5 dg/dy > 0 if B is close to one and ¥ < e,

dg/de > 0 if & is close to one and ¥ > e.

Proof: When 8 is close to one, V; is close to v,. A first-order
Taylor expansion of the expression in proposition 2.3 yields:
. lyverevy)
{e+y)
Since the expression for g is locally the same as in the
previous section, using proposition 1.4 with the appropriate

substitutions as in proposition 2.2 establishes the result.
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The analysis of the multisector case is thus essentially the
same as that of the one-firm case developed in the previous
section; but we have highlighted how growth can now be dampened
by its own discounting effect, and solved the non-trivial problem
of computing the aggregate growth rate of an economy where the
rate of technological adoption differs across firms or sectors.

This characterization of the aggregate steady state will now
serve as a benchmark to study the impact on productivity growth

of fluctuations in aggregate demand A

We now analyze the effect of aggregate demand shocks on the
firms’ decisions to invest in technological progress. Aggregate

demand is given by:

where p, is the aggregate price in the economy at date t, which
can be interpreted as the relative [aggregate] price on the world
market if the economy is open. An aggregate demand shock is a
shock on the relative value of foreign demand A,.

We now study the effect of aggregate  recessions,
respectively when such recession is meant to last for a long
period of time and when it is meant to be temporary.

To save on cumbersome notations we assume 3 = += = §. As
it should become clear as we go ahead, this latter restriction

involves no major loss of generality.
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Firms’ investments in technological growth at each point in

time are governed by the equations:

. v, . o . -
A lvyg) = > Y in state E {idiosyncratic expansion}
B
‘ (3.
X
v, . . . i
hi{vg) = - 5 ‘; in state R {idiosyncratic recesgion
e*7R

where V,e* is the firms’ PDV of future profits at time t in state

j and technelogical location x.

The value functions V:; now evolve according to:

0 = Py ghi(vig) = {Z+v-vel Vi + dV/de + YV,

#

{3.2)

0 = p ¥Vl - (rte-vy) Vi, + dV,/de + eV,

Note that equations (3.1) and (3.2) are valid even out of steady-
state. In the steady-state situation analyzed in the previous

section, we find:

A, = A = constant

and
A . = [ 3 o
B, C foytjm-h("cju)’ e*ldi (= 5,

where S, is the aggregate supply at time t with individual firms
being indexed by i € [0,1].
This implies:
and
with an average growth rate for the whole economy equal to:
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I A .
Dy ® p,.e 9 with p, = T Vg = Vegee FE;

a

Veg ® VEi Vg ® Vgs

{vgrvy) - le+y) + [ (v vere-y) Frdey (3.3)
2

g"u'u".

Now let us perturpt this aggregate steady-state and consider

first the effect of a permapent funanticipated) recession, i.e.

of a permanent drop in A, (say at time t ). Clearly, the
aggregate demand parameter A, does not intervene in the above
equations, except through the assumption that A, is constant in
steady~state, Therefore, a permanent change in A has no effect
on the speed of technological adoption, nor on the growth rate.
The effect of a permanent recession is illustrated in Figure Al:
there is a once-and-for-all drop in the output level, and the
economy proceeds as before, at the same growth rate. In other
words, the economy jumps instantaneously to the new steady state,
and the growth rate is unaffected since it does not depend on

levels.

Fiqure Al
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The impact of a temporary recession is quite different,
however. To see this, consider for example the impact of an

infinitesimal recession at time t where A drops by AA during an

Figure A2

infinitesimal time interval dt. Clearly, present discounted
values V, and V,, are not affected by such an infinitesimal
change. If velocities ve and v, were unchanged, aggregate supply
$, would be unchanged, so that the price level would drop by
Anr/s,. But by egquation (3.1}, this would imply higher
velocities. Hence ve and v, have to change. In what direction?
Clearly, they both have to go up. For this, one just has to show

that the price level has to drop, implying an increase in v, and

E
v, by virtue of equation (3.1). Suppose by contradiction that
the price level increases. Then by equation (3.1}. velocities
go down, which increases aggregate supply. But then, since A,
drops, p, also has to drop, which yields the desired
contradiction. Hence p, has to go down, implying an increased
pace of technological adoption. Therefore, temporary recessions
have a positive impact on growih. When any such recession is
over, firms enjoy the pre-recession growth rate, but will be on

a higher cutput path if the recession had not happened. This is

illustrated in Figure A3.
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Figure A3J

The main effect underlying this positive contribution of
recessions to the long-run productivity of the ecenomy is an
intertemporal substitution effect: it is profitable to use a
period of temporarily 1low aggregate demand to implement
technological improvements because the profit loss from doing so
is low relative to expansionary periods. Intuitively, the effect
is stronger, the deeper the recession. A deeper recession will
imply a larger drop in p,, and hence, according to eguation
(3.1}, a faster pace of technological improvement. Similarly,
the shorter the recession, the larger the effect on v, and v,.
This is because V., and V;, will drop by less if the recession is
shorter, thus increasing the absclute wvalue of the right~hand
side of {3.1}) for a given price drop, hence inducing higher
adoption speeds. Consegquently, the net effect on productive
capacity in the long~-run is ambiguous in general, since shorter
recessions imply faster productivity growth, but during shorter
pericds.

To obtain more precise comparative static results one needs

to linearize the system of eguations (3.1) and (3.2) which
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describe the dynamics of the economy. One natural case where
such linearization can be performed is when the recession is of
small magnitude, i.e. A, = A(l+a,) with |a,| small. Since the
intuition developed above is independent of idiosyncratic shocks,
we shall conduct the formal analysis in the case where there is
a single individual state E = R, i.e. 8 = 1. The analysis could
then be extended to the general case where € > 1 {possibly
keeping 6 close to 1 in order to preserve the linearization).
We will choose instead to analyze the interaction between
aggregate recessions and idiosyncratic fluctuations in a
simplified version of our model where firms’ decisions to invest
in technological progress are bang-bang with v, € {0,v}, v > O,
{Subsection (b} below.}

As in section 2, let X, = J';e‘.f(t,x}dx, where f{t,xidx is
the number of firms at technological locations between x and x+dx
at time t. We have: 8. = h(v /X, = b, = A/p,. Substituting P,
for n(v,)X,/A, in equations (3.1) and (3.2), one gets the

following dynamic system:

X,

hilvg = - vaaivy =% (= (3.1)}
AC
0=2e {r~v,) v, + ave (= (3.211 { (3-4)
X, el Ve pers +2] ]
X, = VX,

The steady-state of this system with A, = A is determined

by:
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v, =V AWV /h(F = -1/r

[4

v, = Ve %; V= a/rX,

4

X, = Ko

To linearize the system (3.4) arcund this steady state, we

rewrite:
A, v Al{l+a,)
X, = X,e"(1ex,)
v, = {Vruge™
and:

Note that there are two dynamic variables., V, and X.. X, is
predetermined, while V., can Jjump only in response to
unanticipated shocks.

The linearized system can be reduced to the following two

dynanic equations:

U = raqyu, + Adix /X, - Aqya /X,
(3.5}

X = X A quu, v (L/Dhgex, ~ (1/D) qa,

where:

gy = (B (V)% - n(VIR"(¥))/m(¥)? > 0 and
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q = -h" (MR /R (V- Entv)) > o.
The velocity deviation is then determined residually by:

©, = (X A qu, + (L/r)gx, -~ (1/r)q,a, {3.86)

The system (3.5) has a unit root {meaning a zero root herej,
which captures the fact that transitory shocks to a, have
permanent effects on x,. The other root A is explosive, implying
unigueness of the equilibrium path, It is easy to use equations
{3.3) to compute the impact of an aggregate recession on the path
of x,. For this assume a, =0fort <0, a =-da<o0forozxt
s T and a, = 0 again for t > T. S$traightforward computations

yield:

x. =XK1 -e?), forosets?T
X, =X, for t> T.

And

Aa{e*T-1)

E =
rig,q+eit

(3.7}

The path for x, is depicted in Figure 2.4. The temporary
recession implies a permanent increase in productivity x.
Equation (3.7) shows that the cumulated increase is directly
proportional to the depth of the recession and increases in its
length. X reaches however an upper bound as the length of the
recession increases, Therefore x/T, which is the average

increase in growth due to the recession, vanishes as T goes to
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infinity. Figure 2.5 illustrates the behaviour of velocity w,:
it jumps at the start of the recession, then steadily declines,
and jumps back %to its steady-state wvalue at the end of the
recession, Figure 2.6 illustrates the behaviour of output.

The above analysis suggests a positive impact on
productivity growth of having a succession of temporary
recessions. One natural extension would consist in introducing
such sequence of temporary recessions explicitly inte our model
and then try to derive some comparative staties results on the
average growth rate as a function of the duration, depth and
frequency of aggregate recessions. This, however, goes beyond
the scope of the present paper.

Other extensions invelve, first, analyzing the cross-effects
between aggregate recessions and idiosyncyatic fluctuations (case

where & >> 1);% and second, investigating the extent to which

5 Remark: In general the relative impact of idiosyncratic
versus aggregate recession depends on 1 and fi. When 1 tends to
one, f tends to zero, and HJ tends to A, (see Section 2 abovel.
This implies that prof1t5 do not depend on the fimm's
idiosyncratic state, 1.e. V{ = V{. This in turn implies vi = vi.
Hence idiosyncratic recessions do not induce faster tecnnologlcal
adoption. When n tends te 1, complementarities become so strong
that the productivity of a firm does not affect its profits.
This intuition should however be taken with caution, because it
does not imply that aggregate recessions do not have any impact
on v. When p tends to 0, equation (2.7} becomes h' (vi ) /h{v,} =~
V’/A so that a temporary aggregate recession will have a &arge
p051t1ve impact on v,, as argued above. When p goes to zero,
the benefits of a higher speed are reduced, but so are its costs.
Hence a parameter which shifts current profits relative to net
present value will still have an impact on velocity. The effect
of y; on profits will tend to disappear, so that firms will
choose the same speed no matter what their idieosyncratic state
is. On the other hand, the effect of A, on profits will not
vanish.

It follows from this discussion that when complementarities
are stronger, idiosyncratic recessions will be less effective
than aggregate recessions in increasing the pace of technological
adoption.
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the above results can be affected by the introduction of positive
fix costs of production for firms. These two things are done in
appendix B within a simple version of our model where firms’
investment in technological progress take the form of a zero-one

decision.

Appendix B:The cross-effects of aggregate recessjions and
idiosync i uctuations when firms face —ze costs
production

In this secticon we extend the above analysis, first by
formally reintroducing idiosyncratic fluctuations (8 > 1) and
second by intreducing fix flow costs of productien for firms,
which we dencte by £ 2 0. To simplify the analysis we assume
that the only technological choice available to firms at any

instant in time is either to invest all their human resources in

productivity growth
(i.e. vy = v> 0with hi{vi =0
or not to invest them at all

(.e. v; = 0 with {0} = 1).

Presumably, at any instant t. firms in individual state 3
will only invest in technological progress if p,.e* < 5, where
from Section 1 (Proposition 1) we expect that §; < §,, given that
firms invest more in techneological progress during {individual]
recessions. In any case we shall start assuming the latter
inequality and then show that it is indeed satisfied in

equilibrium.
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Now, suppose that p,.e* > g, Then, neither firms
experiencing an idiosyncratic boom nor those experiencing an
idiesyncratic recession will invest in technological progress.
The value functions vj{t.x}, j = E,R will then eveolve according
te the following differential equations, similar to the above

{3.2} but with v, = 03

av,
0 = peretyym£-(rrel Vp(t, x) teVplt, x) + —F (£,x)
{3.8
B . vy
0 = pe ey ~f-(r+y} Vg{t, x) vy. V(L. x}) + “Fe {t.x}

[(Here x remains constant since no firm invests in technological
pProgress. }

This differential system yields:

x P _{ a1 Q.W:E.. - Ay
viE, x) z PP T Tyve) (zegey e
= _ YYR*eys -
where ¥ ~yie Ay = ¥p-¥p.

Now firms facing individual recessions will decide not to

invest in technical progress if and only if:

av,
pue-gcexy‘g -f£> V-'?a;g (t,x} (3.9}

increase in the firm’s value if they
invest into the speed v of technical
progress.
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£

Pe-8%> Sp = 17 Ay (3.10)
i - e

One easily sees from {3.10) that an aggregate recession, even if
permanent, will tend to make (3.10) become violated {if Py
decreases sufficiently and/or if f is sufficiently large) and
therefore will encourage firms experiencing idicosyncratic
recessions to invest more in technological progress. This is in
contrast with the above subsection where we saw that in the
absence of fix costs of production, only temporary recessions
could have a stimulating effect on growth.

How suppose that p,.e’ < 8., so that firms would always
invest in technological progress at date t whichever
idiosyncratic state they are presently experiencing. In that
case, the value functions Vj(t,x) evolve according to the
following differential system, also derived from {(3.2) with hi{v}
%Oandv3=vforj = E,R.

av, av,
—(r+e) Vult, x) +evy(L, x}+7ﬁ§(t x}+v,amu(t x)

=]
3

{3.11)

o
|

={r+y) Vplt, xt vy Vi (L, )+—%—v—r§(t x2+v.-§---(t Xx)

Let Wi{t.x—vt:; = Vi(t,x), where we denote x-vt = z. The

modified value functions W, satisfy the differential systenm:

This homogeneous system involves no derivatives w.r.t. z and
therefore the solutions W, and W, to this system must be

independent of 2z, i.e. of x. $o will the value functions V. and
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=]
I

aw,
—{r+ed Wz, £) + e W (z, £1 + 7ﬁ§(z,t)

{3.12})

(=}
n

, AN,
—(r+y) iz, ) + y.W (2. £) + w-é»f(z. )

The necessary and sufficient conditions for firms to invest
in technical progress when experiencing an idiosyncratic boonm is

then simply:

av,
D..e%.yy~ F« V.—a-f(t,x} .

where the RHS of this inequality is equal to zero when p,.e* < 5
as we have just established.

We can then rewrite the above inequality as:

Pe-e% < L = 5. (3.12)
Y&

and easily verify from (3.10) and (3.12) that indeed 8, > 8.
Now looking at (3.10} and (3.12) one can easily get to the
following conclusions:

{a) If £ = 0, i.e. in the absence of fix costs of production,
firms will never invest in technical progress during an
idiosyncratic boom whereas they may invest during an
idiosyncratic recession provided the dencminator in the RHS
of (3.10) becomes negative. This in turn will necessarily
occur if y.~y, = Ay is sufficiently large, i.e. if
idiosyncratic fluctuations are of sufficiently large
magnitude. Condition {3.10¢) also points to a mutually
reinforcing effect aof aggregate recessions and

idiosyncratic fluctuations, which, in the particular case
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where firms investments in technoleogy are of the zerc-one
type, appears explicitly only when the fix cost of
production is strictly positive.

If £ > 0, firms will invest in technical progress more
often in recessions than during an idiosynecratic hoom,
given that §; < §;. In fact firms experiencing a boom will
only invest in technology when they make losses by
producing at too high a fix cost. Furthermore, the larger
the magnitude of idiasyncratic fluctuations (y.-y,), the
nore stimulating aggregate recessions will be for growth.
[Aggregate recessions in the form of a drop in the
aggregate price Py will induce firms to invest more in
productivity growth, the larger the difference y.~y, and/or
the larger the fix cost £/, as it appears from 3.10 above.]
The increased growth rate induced by an increase either in
fix cost £ or in the magnitude of fluctuations Ay will
retroact on the decision of firms experiencing an
idiosyncratic recession. On the one hand, a higher growth
rate reduces the NPV of technical progress: this is the
discounting effect pointed out in Section 2. On the other
hand, a higher growth rate makes the revenues of firms that
do not invest in technical progress fall faster below the
current fix cost value (which alsc grows at rate g); this
in turn should encourage them to invest more in
productivity growth. The overall effect of an increased
fix cost on growth will be positive (for the same reasons
as in Section 2 above), but all the more so when initilally

the fix costs of production incurred by firms are high.
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A final remark to conclude this section: we have just shown
that in case firms face non-zero fix costs of production, even
a durable {Ypermanent") aggregate recession has a stimulating
effect on technical progress. From then on, one could "easily®
generate endegenous cycles by making investments in technical
progress become a major component of aggregate demand: an
aggregate recession, through its stimulating effects on R&D
investments would induce aggregate demand to boom up again which
in turn would discourage firms from investing further in
technical progress, thereby triggering a new aggregate recession
etc ... Formalizing this latter idea would provide us with an
endogencus theory of both growth and cycles. The formal
development of such theory goes beyond the scope of this paper,

and will rather be the subject of further research.
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