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1 Introduction

The pioneering growth model of Solow (1956) assumed disembodied technical
progress, which makes new and old capital goods more productive in the same
way and in the same proportion. In a later work, Solow (1960) developed
a growth model with embodied technical progress, which makes only new
capital goods more excient. The embodied nature of a substantial fraction
of technical progress was considered unimportant by Denison (1964) and
irrelevant in the long run by Phelps (1962) three decades ago. However, recent
theoretical and empirical contributions to growth and business “uctuations
have shown its importance in explaining several stylized facts of the US
economy, such as the productivity slowdown, the decline in the relative price
of investment goods and the persistent rise in the equipment to output ratio.t
It is now widely admitted that embodiment is crucial in the understanding
of these phenomena and several other related issues. In this paper, we wish
to show that the nature of technical progress is relevant to understanding
the labor market and realize a comprehensive analyses of its implications on
unemployment, and job creation and destruction.

The quantitative importance of embodied technical progress has been re-
cently documented by Greenwood, Hercowitz and Krusell (1997), they have
found that around 60% of US productivity growth can be attributed to em-
bodied technical progress. Moreover, the empirical evidence supports the
view of a change in the composition of technical progress post 1974. The
decline of the relative price of equipment, which can be seen as a proxy
of the importance of the embodied technical change, has experienced a sig-
ni cant acceleration after 1974 in the US economy, passing from 3:3% per
year to 4%, as documented by Greenwood and Yorukoglu (1997). Sectorial
empirical evidence also supports that post 1974 technical progress is more
embodied in capital goods (see for example Baily, Barstelsman and Halti-
wanger, (1994) and Gordon (1999)). As Kortum (1997) noticed, \two indus-

1The contributions of Boucekkine, del Rio and Licandro (1999b), Cooley, Greenwood
and Yorukoglu (1997), Greenwood, Hercowitz and Krusell (1997, 1998), Greenwood and
Jovanovic (1998), Greenwood and Yorukoglu (1997), Hornstein and Krusell (1996), and
Krusell (1998) are some appealing examples of this recent trend in the macroeconomic
literature. More theoretical contributions in this ~eld using explicit vintage capital settings
can be found in Benhabib and Rustichini (1991), Boucekkine, Germain and Licandro
(1997) and Boucekkine, del Rio and Licandro (1999a).



tries display much more rapid productivity growth after 1974 than before,
industrial machinery (which include computing equipment) and electrical
equipment. All the rest either had roughly constant productivity growth
or slower productivity growth after 1974". This change in the composition
of technological progress may well be the major characteristic of the post
~rst oil shock period, ingeniously referred to as the Third Industrial Revo-
lution by Greenwood and Yorukoglu (1997). Recently, Boucekkine, del Rio
and Licandro (1999b) have built up an endogenous growth model in which
learning by doing is the engine of both embodied and disembodied technical
progress. In sharp contrast to the Phelps (1962)'s exogenous growth model,
they show that a change in the composition of technical progress a®ects the
long run growth rate. They also show this reassignment e®ect provides an
alternative explanation to the productivity slowdown. The e®ects of tech-
nological reassignment on unemployment, and job creation and destruction
are comprehensively explored in this paper. We show that composition of
the technical progress is important to long run employment and employ-
ment reallocation. However, technological reassignment has opposite e®ects
in exogenous and endogenous growth settings. Indeed, under assumptions
of exponential exogenous technical progress, an increase in the fraction of
embodied technical progress involves higher unemployment, higher employ-
ment reallocation and faster speed of convergence. But, if both states of
embodied and disembodied technical progress are isoelastic functions of per
worker cumulative eZcient investment, e®ects of technological reassignment
on previous variables are completely opposite.

An objective of the present paper is to build up a simple model integrating all
types of technical progress to study its eRects on long run unemployment and
job creation and destruction. In the nineties several works have analyzed the
relation between technical progress and unemployment. Pissarides (1990,
chapter 2) showed that faster disembodied technical progress reduces the
long run unemployment rate through the so-called capitalization e®ect. On
the other hand, Aghion and Howitt (1994) showed that faster embodied
technical change generally leads to a rises in long run unemployment through
a creative destruction e®ect.? Recently, Mortensen and Pissarides (1998) built

2Postel-Vinay (1997) analyzes the short and long run e®ects of embodied technical
progress on employment in a matching model. King and Welling (1995) analyzes the
relation between disembodied technical progress and unemployment when search is costly



up a canonical matching model with embodied technical progress in which
both types of results can be obtained. They showed that the capitalization
e®ect rests on the assumption that rms are able to update their technology
continuously and at no expense, which precludes technological obsolescence,
whereas creative destruction arises from the extreme opposite assumption of
total irreversibility in the rms' technological choices. Our ndings con rm
that of Mortensen and Pissarides. However, unlike Pissarides (1990), we
obtain that higher disembodied technical progress generally involves higher
unemployment.

We also analyze the relations between technical progress and job creation and
destruction in the short run. Most of the empirical literature on job creation
and destruction has focused on their cyclical properties. Davis and Haltin-
wanger (1990, 1992) and Davis, Haltinwanger and Schuh (1996) found on
US data that job creation is procyclical and that job destruction is counter-
cyclical and more volatile than job creation. However, the cyclical properties
of job reallocation depend on the national economy data. Indeed, job destruc-
tion is more volatile than job creation on US data (Davis and Haltiwanger
(1992, 1994), and Davis, Haltiwanger and Schuh (1996)) and on UK data
(Konings (1993)), whereas volatility appears to be the same on Spanish data
(Dolado and Gfimez (1995)) or on German data (Boeri and Cramer (1991)).
This non-synchronization (or decoupling) between job creation and destruc-
tion and higher volatility of job destruction in US economy data have been
theoretically analyzed by Caballero and Hammour (1996) in a creative de-
struction framework.® The authors show how decoupling and higher volatility
of job destruction can result from the existence of inezxcient decentralized
equilibria and increasing marginal creation costs. Boucekkine, del Rio and
Licandro (1999) combining endogenous and exogenous °uctuations sources
in the Caballero and Hammour (1996)'s creative destruction model show that
endogenous replacement echoes generally dominate the short run dynamics
and that the combination of the two “uctuation sources favors the appear-
ance of asymmetries in job creation and job destruction patterns. Here, we
study the response of job creation and destruction to permanent and transi-
tory technological shocks. We obtain that destruction is more volatile than

and shocks are positively correlated.
30n this issue see also Mortensen and Pissarides (1994).



creation, and job creation and destruction are not synchronized.*

The rest of paper is organized as follows. In Section 2 we describe the model.
It is a canonical vintage capital model with embodied and disembodied tech-
nical progress and generalized Nash bargaining in the labor market. As
in Caballero and Hammour (1996, 1997, 1998), we assume there is an ap-
propriability problem which introduces a kind of wage rigidity and makes
the decentralized equilibrium inezxcient.> Di®erently to Caballero and Ham-
mour’s papers and like Solow (1960), we assume a Cobb-Douglas production
function, which allows substitution of factors and aggregation. In Section 3
an Section 4 we respectively relate our long run and short run ndings in an
exogenous growth setting. Section 5 analyzes an endogenous growth setting.
Section 6 concludes.

2 The Economy

At time z a plant is built (we call it vintage z). Each vintage combines
capital and workers. The vintage production function is Cobb-Douglas:

eii(tiz)q:li@).

i
_ ®
Yzt = Xelzthe 1,

where y,.¢ is production in vintage z at time t, i, is investment at time z,
which undergoes a constant depreciation rate given by £, |, is employment
in vintage z at time t and 0 < ® < 1. Both x; and g,.; express the state of
technical progress at time t in vintage z, and it is assumed that

xx=e" (1)

qz;t = e z+'(tiz): (2)

These technological hypothesis can be interpreted in the following way: Cap-
ital used by the plant built at time z embodies a technical progress given by
e-*, . > 0, and it is updated costlessly at rate ~ > 0. Additionally, we
assume that there is an exponential dissmbodied technical progress given by

4Di®erently to Caballero and Hammour (1996), our results do not depend on an as-
sumption of increasing marginal creation costs.

SCaballero and Hammour (1998) study the macroeconomic implications of rent
appropriation.



e’t, °© > 0, which makes new and old plants more productive in the same way
and in the same proportion. These hypothesis of exponential exogenous tech-
nical progress will be modi ed in section 5 to introduce endogenous growth
in the model. Because the vintage production function is Cobb-Douglas, the
vintage life time is in nite and at time t all former vintages are producing.
So, aggregate output and employment are respectively given by
yA t
- . i ¢ R
Y= Xzl |ize'_(t'z) 1|®d2; (3)
il '
and Z.

il

There is a continuum of in nitely lived individuals in the interval [0; 1], each
endowed with one unit of labor. We assume that all individual have the same
linear utility function in consumption. Then, their intertemporal utility at
time 0 is given by Z .
eic, dt;
0

where r is the subjective discount rate equal to the interest rate. Let g =
%(° + _) be the stationary growth rate of consumption, investment and out-
put under the technological hypothesis (1) and (2). The following assump-
tion, which is needed to guarantee nite utility, is realized:

Assumption 1
> .
r .
®

The good market equilibrium condition is
Yt = Ct + g )
And unemployment is given by
u=1jl: (6)
We assume that a share of investment is speci ¢ and whose quasi rents cannot
be protected by contract. So, the appropriable surplus of vintage t is
.3 -

t

Ll, @Y%z § 1 jA)ig ()
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® (zijt 1 -
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where the parameter A 2 (0; 1] captures the share of investment i; which is
speci ¢.5 1, isthe worker's shadow wage at time z. To form a plant, we think
of the rm and workers as entering into a self-enforcing agreement. The two
parties recognize that building a plant creates an appropriable surplus and
agree to maximize it. So, for all z  t the following rst order condition is
satis ed: . ¢, .
®thz;t|z®;til Iizeiir(tiZ) 1i® =1, (8)

This condition states that the marginal productivity of labor in each vintage
equals the worker's shadow wage. It determines labor allocation across vin-
tages that maximizes the surplus generated by all vintages. In equilibrium
all vintages z < t destroy jobs and only the latest vintage creat(ﬁs nev@vjobs.

Therefore, |y equal job creation and job destruction is d; = j :1 I+ dz.
We assume that all hired workers by a plant come from the unemployment
pool and all red workers by a plant go to unemployment.

In the labor market, rm and workers bargain over the appropriable surplus.’
A generalized Nash bargaining solution, with a share 2 (0; 1) of the surplus
going to workers and (1 § ) going to the rm, yields the following standard

equilibrium conditions: |
Ve = == s, 9
titt Ug t ( )

and

Ye=(1 i )st i Aig (10)

where % is the present-discounted value of pro t from vintage t. First equa-
tion states that the equilibrium shadow wage is equal to the expected utility
°ow received by an unemployed worker. Second equation states that the
~rm's share of the appropriable surplus minus the unprotected investment
must be equal to the present-discounted value of pro t from a vintage.

Firm chooses investment in vintage t in order to maximize its discounted
pro t from vintage t, %, subject to (7) and (10). The rst order condition

6We assume A higher than zero, which guarantees that unemployment is strictly posi-
tive. If A =0, descentralized and central planning allocations are equal, and unemploy-
ment is zero.

"We assume that workers in each vintage forms a coalition that bargains as a single
agent.



to this maximization problem is :
Z 4 _
(1 § ®) X, Qe I® i1Cei*EiDiOeir@itg; — 1+1—A (11)
i

t,z%t

t

Equation (11) states that the discounted marginal return to investment
equals its cost, which includes the appropriability costs.

In this economy capital is heterogeneous because is composed by a continuum
of vintages of capital goods with di®erent embodied productivities. However,
as in the Solow's vintage capital model, aggregation is possible, which allows
to simplify the analyses.® So, if (8) is solved for I,.; and then substituted in
4) we get

(4) we g y .z,

_ Loen o ait(tiz)dy-
t = ®_X Ozt 126" dz: (12)
t il

Let be de ned the ezxcient capital at time t as the sum of survival investments
at time t weighted by their respective productivities,

Z, N
ke = Gt i,ei* i dz, (13)
il
Under (1) and (2), its evolution is given by
A |

z:

I
[N
O

~+

Ke= Qe e i £ 10 ki (14)

o]

z;t

From the de nition of ezxcient capital, given by equation (13), and (12) we
obtain
ﬁl 10 = eta (15)

where &, is the worker's detrended shadow wage, & = 1, (XQ. t) and R, is

the detrended ezcient capital per employed worker, R; = :x® qt‘lt 5 De-
trended aggregate production per employed worker, which denote by &, can

8Caballero and Hammour (1996, 1997, 1998) assume a Leontie® production function,
and its model is hard to handle because the state of the economy at each moment includes
the distribution of jobs across vintages, which has a dimension equal to the number of
surviving vintages. However, our assumption of a Cobb-Douglas production function
allows aggregation, which makes the model analitically simple and manageable.
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be rewritten as a function of R;. If (8) is solved for I, and then substituted
in (3), using (12) and the de nition of excient capital, we get

e = RETC. (16)
The st order condition (11) can be rewritten as:
o 10 1
¢ —
- i® _ 1 qt;z 1 e .
Qi®R“=RBr+ ——"+t=Bl+ ——A R; (17)
Lty [z}
Obsolescence Appropriability
costs costs

Equation (17) states that marginal productivity of excient capital equal its
user cost and it is obtained in the following way: equation (8) is solved for
I+ and then substituted in (11), after (15) is substituted in the resulting
equation. Finally, di®erentiating and using (1) and (2), after a little of al-
gebra (17) is obtained. Note that the user cost of excient capital depends,
additionally to the interest and depreciation rate, on the obsolescence and
appropiability costs. So, higher embodied technical progress rate increases
the user cost of capital, which a®ects job creation in two opposite ways:®
(1) higher user cost of capital reduces investment, and job creation also de-
creases because lower marginal productivity of labor. But, since labor and
capital are substitutive, (ii) higher user cost of capital provokes substitution
of capital for labor and job creation rises. First e®ect, which call obsolescence
e®ect, increases unemployment and second e®ect, which call substitution ef-
fect, reduces it.1°

The following assumption together with Assumption 1 guarantees that the
user cost of capital is strictly positive:

Assumption 2

Ve

®

O+b
+

> ++>0.
® 1 £=0

¢
%Under (1) and (2), 3:— = . i ~. Note that faster technological updating in°uences
user cost of capital with opposed sign to an increase in the embodied technical progress
rate.
10The obsolescence e®ect is in our setup the counterpart of the so-called indirect creative
destruction e®ect by Aghion and Howitt (1994).
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Assumption 1 and Assumption 2 also guarantee that job creation and de-
struction are positive, as will be seen below. From (17) is clear that R, is
constant in equilibrium. However, this is not true for employment (and un-
employment), which presents transitional dynamics. From the equilibrium
conditions, a simple linear di®erential equation governing behavior of em-
ployment can be obtained:

Proposition 1 Dynamics of employment are given by the following ~rst
order di®erential equation

¢

=" "+l (18)

and job creation and destruction are respectively given by
ht - It;t =" (1 i It): (19)

where 81 . T || —
T I I TS | _(li )® (21)

1i® 1 1i®A
o + i <

= =+ =2 + t, 22
=78 10 (22)

I is the job separation rate, which from Assumption 2 is positive, and " is
the exit rate from unemployment, which from Assumption 1 and Assumption
2 is also positive.

¢

Proof: Since %‘- = 0 for all t, from the evolution law of capital under the techno-
t

logical assumptions (1) and (2), given by equation (14), and de nition of R; follow
that

LIt 23
I Rtnu (23)

where  is detrended investment per employed worker, ¢ = tt (tht;t)'i®_1. At equi-
librium Y% = 0, since there is constant returns to scale, and equilibrium conditions
(9) and (10) yield %tt = TA%' From (6), (16), (17), previous equation and

¢ -
ZIZZ = 115, the ratio X can be rewritten as a function of

given that under (2) 2
t

10



the parameters and employment, % = 1—|'t—'t Substituting previous equation in
t

(23) follows (18). From (8), (15) and (23) the evolution of employment is given by
¢

k= l¢.¢ i ule. Evolution of employment equal job creation minus job destruction.
Therefore, given that job creation is equal to |, from (18) and previous equation
follows (19) and (20). From Assumption 2, {1 is positive. From Assumption 1 and
Assumption 2, " is also positive.2

From (20) follows that higher embodied and disembodied technical progress
rates rise the job separation rate, and job destruction increases, which rises
unemployment. This e®ect is called by Aghion and Howitt (1994) direct
creative destruction e®ect. We must stress that in our model this e®ect is
tied to both types of technical progress. Pissarides (1990) has shown that
higher disembodied technical progress rate reduces unemployment because
the so-called capitalization e®ect: He found that higher rate of disembodied
technical progress rises the present-discounted value of jobs, which increases
job creation and consequently reduces unemployment. He assumed an exoge-
nous and constant job separation rate, consequently the creative destruction
e®ect is not present in his model. In our model, the job separation rate
is endogenous and disembodied technical progress in°uences unemployment
through the direct creative destruction e®ect. But, it does not stimulate
job creation because the user cost of capital does not depend on the rate of
disembodied technical progress. Note that the user cost of capital can be
rewrittenas R=(r+pjg) 1+ FA . So, higher © increases g, which re-
duces the user cost of capital. But, this reduction is just o®set by increasing
job separation rate. Therefore, job creation is not in°uenced by disembodied
technical progress. In our model, as in Mortensen and Pissarides (1998),
higher ability of plants to update their technology reduces unemployment,
as will be seen in the next section. It in°uences unemployment through both
job creation and destruction, just in opposite direction to an increase in the
embodied technical progress rate.

3 The Long Run
Under technological hypothesis (1) and (2) consumption, irlvestment and

output in the long run grow at the same constant rate g = —ga, which we
will call it growth rate, and the growth rate of excient capital is also constant

11



and equal to gx = g + —— e Employment, unemployment and job creation
and destruction remain constant. Using equation (18) existence, unigueness
and stability of the steady state can be easily established.

Proposition 2 Under Assumption 1 and Assumption 2 there is an unique
and stable steady state, in which consumption and investment are strictly
positive, and

H

O<u=T<l; (24)

where [ is the job separation rate, given by (22), and " is the exit rate from
unemployment, given by (21).

Proof: Assumption 1 guarantees nite utility. Existence, uniqueness and stability
follow from (18) since " > 0 and 1 > 0 under Assumption 2 and Assumption 1.

¢ ¢
Equation (24) follows from (18) and (6) if |y= 0. And if |{= 0 from (23) follows
that ¢, = Rtp Soévmg (17) for R; and substituting in previous equation we obtain

that & = —Fiz— ® 1L, which under Assumption 1 and Assumption 2 is strictly
i1;002 i
positive. From (5), (16), (17) and previous equation, @ = L2 '® ni® iy

. — ... ([P | ° . .
Using de nitions of R and |, @ > e ® 'y i ~—  which from Assumption 1

R ®
is higher than zero.2

Although technical progress has opposite e®Rects on unemployment, relations
between long run unemployment and di®erent types of technical progress are
no ambiguous.

Proposition 3 Under Assumption 1 and Assumption 2, (i) long run unem-
ployment is an increasing function of the disembodied and embodied technical
progress rates, and (ii) faster technological updating decreases long run un-
employment.

Proof: Proposition 3 follows di®erentiating (24) with respect to °; _ and ~, using
(21) and (22).2

Unlike Pissarides (1990), disembodied technical progress increases unemploy-
ment in our model because the direct creative destruction e®ect described in
previous section. However, like in the Aghion and Howitt (1994)'s model, em-
bodied technical progress increases unemployment and, like in the Mortensen

12



and Pissarides (1998)'s model, faster technological updating decreases unem-
ployment. But, in our model there is an e®ect of technical progress on un-
employment, the substitution e®ect, that is not present in both Aghion and
Howitt (1994)'s model and Mortensen and Pissarides (1998)'s model because
they assume that capital and labor are complementary. Note from (24) that
u depends negatively on ", which means that the substitution e®ect always
dominates on the obsolescence e®ect. Therefore, Proposition 3 establishes
that the creative destruction e®ect is higher than the sum of two previous
e®ects. We have assumed that all employment reallocation needs to be made
throughout unemployment. This supposition could be no very realist, since
employment reallocation could be made from job to job.

Relations between long run employment reallocation and the technical progress
rates are established by the following proposition :

Proposition 4 Long run employment reallocation is given by

a” h+d=-—"": (25)

Under Assumption 1 and Assumption 2, (i) it is an increasing function of
the disembodied and embodied technical progress rates, and (ii) faster tech-
nological updating reduces long run employment reallocation.

Proof: Equation (25) is obtained, after a little of algebra, from the sum of (19)
and (20) using (6) and (24). (i) and (ii) follow by di®erentiating (25) with respect
to °, . and 7, using (21) and (22).2

3

3.1 Endogenous Interest Rate

We can relax our assumption of linear intertemporal preferences so as to
allow for a rate of interest that varies with the growth rate. Suppose that

the utility function is replaced by the isoelastic generalization:
Z 1 i
174

ei“Ldt % >0
, T 4 .

Then is easily seen that the rate of interest in steady state equilibrium must
be:

o

+
r=%— -+ (26)
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This generalization adds a new e®ect of technical progress on job creation and
unemployment: higher embodied or disembodied technical progress raises the
rate of interest and consequently the user cost of capital, which reinforces
both obsolescence and substitution e®ects. As we explain above, the substi-
tution e®ect always dominates obsolescence e®ect. T herefore, the assumption
of endogenous interest rate introduces a new way in which embodied and dis-
embodied technical progress reduce unemployment, which could change the
sign of relation between embodied and disembodied technical progress and
unemployment . The following proposition establishes parameter conditions
that allow a decreasing relation between unemployment and embodied and
disembodied technical progress if the interest rate is given by (26).

Proposition 5 Under Assumption 1 and Assumption 2 and the interest rate
given by (26), (i) unemployment is a decreasing function of the disembodied
technical progress rate if only if
Y
%> 1+ — 27)

| +
1i®+_

and (i) unemployment is a decreasing function of the embodied technical
progress rate if only if

y Moo T
4 — —_ .
% >1+ 1+ (28)
T;@"’i 1;®

Proof: Di®erentiating F with respect to © and _; using (26), (21), (22), we

51

obtain: . VT || Il
@E =1 B o1+ 1_', © i-
@° @ A (1i® "y
which is strictly positive if only if (27) is hold, and
iz 1M Tw T g H g T
A= — 1+ 1+ —= i- 1+——
0, ®u 1i® A (1ij® " 1i®

which is strictly positive if only if (28) is hold. From (24), g% < Qifonly if %ﬂ- >0

and gﬁ < 0 if only if %7‘- > (0. Then, Proposition 5 follows.2

14



Therefore, under some parameter conditions, there could be a decreasing
relation between unemployment and embodied and disembodied technical
progress if the . However, note that employment reallocation is an increasing
function of the disembodied and embodied technical progress rates although
the interest rate is endogenous and (27) and (28) are ful lled.

3.2 Technological Reassignment

The empirical evidence suggests that US economy has experienced a change
in the composition of technical progress post 1974. Boucekkine, del Rio and
Licandro (1999b) have shown that this fact can a®ect growth and explain
the productivity slowdown. Could this fact also a®ect unemployment? The
following proposition and its corollary provide an axrmative response to this
guestion.

Proposition 6 Under Assumption 1, Assumption 2 and a constant growth
rate, long run unemployment and employment reallocation are increasing
functions of the embodied technical progress rate.

Proof: Using (21) and (22), Proposition 6 follows by di®erentiating (24) and (25)
with respect to ,, holding g = —=..2

Corollary Under Assumption 1, Assumption 2 and a constant growth rate,
long run employment and employment reallocation are decreasing functions
of the disembodied technical progress rate.

4 The Short Run

In this section we study the inuence of technological change on the speed of
convergence and the response of job creation and destruction to permanent
and transitory technological shocks.

4.1 The Speed of Convergence

Proposition 7 The speed of convergence for I; to its steady state is given by
°=("+u); (29)

15



(i) it is an increasing function of the embodied and disembodied technical
progress rates, and (ii) faster technological updating involves lower speed of
convergence for I; to its steady state.

Proof: The solution of (18) is:
k=14 (lp j )eiC+Wt

where 0 < |y < 1 is an initial condition for Iy and (" + 1) is the speed of con-
vergence for |; to its steady state. Using (21) and (22), (i) and (ii) follow by
di®erentiating "' + | with respect to _, © and .2

The e®ect of faster technological updating on the speed of convergence is
opposed to the e®ect of higher embodied and disembodied technical progress
rates, as follows from previous proposition. The following proposition and
its corollary establish the e®ects of technological reassignment on the speed
of convergence:

Proposition 8 Given a constant growth rate, the speed of convergence for I;
to its steady state is an increasing function of the embodied technical progress
rate.

Proof: Proposition 8 follows by di®erentiating "'+ L with respect to _, using (21)
and (22), and holding g = °—g- constant.2

Corollary Given a constant growth rate, the speed of convergence for I; to
its steady state is a decreasing function of the disembodied technical progress
rate.

A consequence of Proposition 8 is that stochastic employment °uctuations
will be sharper and less persistent if the fraction of embodied technical
progress is larger.

4.2 Technological Shocks

Now, we analyze the e®ects of permanent and transitory technological shocks
on job creation and destruction. Dynamics of these variables are given by
(18), (19) and (20). We will see that technological shocks can explain higher
volatility of job destruction and non-synchronization between job creation
and destruction as observed in data.
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Permanent embodied shocks In Figure 1 we draw equation (19), which
gives job creation as a function of employment, before an embodied shock
(line H) and after an embodied shock (line H"), and equation (20), which gives
job destruction as a function of employment, before a embodied shock (line
D) and after a embodied shock (line D"). Economy is initially in the steady
state sp = (lp; ho = dp), if a permanent embodied shock occurs it shifts to the
new steady state s, = (l,;h, = d,), characterized by lower employment and
higher employment reallocation, as Proposition 3 and 4 establish. After an
embodied shock, job creation and destruction at once jump to h; and d; and
adjust monotonically to their new stationary levels along lines H' and D'.
Therefore, job destruction is more volatile than job creation in response to
permanent embodied shocks, and both job creation and destruction patterns
are decoupled.

G fu dh
dl ............................... D' d1
H
he=d}-

D
Y
h he

ho=d / \ he=d

2 lo I« I o I«
Figure 1: Permanent Embodied Shock. Figure 2: Transitory Embodied Shock.

Transitory embodied shocks In Figure 2 we draw equation (19), which
gives job creation as a function of employment, before an embodied shock
(line H) and after an embodied shock (line H"), and equation (20), which gives
job destruction as a function of employment, before an embodied shock (line
D) and after an embodied shock (line D*). Economy is initially in the steady
state so = (lp; ho = dp), if a transitory embodied shock occurs job creation
and destruction at once jump to h; and d;. Employment shifts I; < |, and
job creation and destruction adjust monotonically to their stationary levels
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along lines H and D. Therefore, job destruction is more volatile than job
creation in response to transitory embodied shocks, and both job creation
and destruction patterns are decoupled.

Permanent disembodied shocks In Figure 3 draw equation (19), which
gives job creation as a function of employment and remains constant before
and after a permanent disesmbodied shocks (line H), and equation (20), which
gives job destruction as a function of employment, before a disembodied
shock (line D) and after a disembodied shock (line D"). Economy is initially
in the steady state s, = (lp; ho = dp), if a permanent disembodied shock
occurs it shifts to the new steady state s, = (I; h, = d,), characterized by
lower employment and higher employment reallocation, as Proposition 3 and
4 establish. After a disembodied shock, job destruction at once jumps to d;
and job creation remains in hy and both variables adjust monotonically to
their new stationary levels along lines H and D'. Therefore, job destruction
is more volatile than job creation in response to permanent embodied shocks,
and both job creation and destruction patterns are decoupled.

d:. h D' ¢ h o
¢ s
H D H 0
he=d 4 ﬁ?&\
o he=do=hx &
|2 lo I i o I+

Figure 3: Permanent Disembodied Shock.  Figure 4: Transitory Disembodied Shocks.

Transitory disembodied shocks In Figure 4 we draw equation (19),
which gives job creation as a function of employment and remains constant
before and after a disembodied shock (line H), and equation (20), which gives
job destruction as a function of employment, before a disembodied shock

18



(line D) and after a disembodied shock (line D). Economy is initially in the
steady state so = (lp; hg = dp), if a transitory disembodied shock occurs, job
destruction at once jumps to h; and job creation remains constant in do. Em-
ployment shifts I; < |y and job creation and destruction adjust monotonically
to their stationary levels along lines H and D. Therefore, job destruction is
more volatile than job creation in response to transitory dissmbodied shocks,
and both job creation and destruction patterns are decoupled.

Other technological shocks Reassignment shocks (increases in the frac-
tion of embodied technical progress) and negative shocks in ability of plants
to update its technology induce dynamics of job creation and destruction like
that described in Figure 1 and Figure 2.

5 Endogenous Growth

In this section we substitute technological hypothesis (1) and (2) by the
following hypothesis: THR

xx=x — =xR, (30)

0zt=0zz=0Q — ={( RE- (31)

I,

With z, q, © and _ four strictly positive real numbers. Additionally we as-
sume that: i) social returns to capital are constant, namely ° tos = ®, and
if) the e®ects of capital accumulation on technical progress are not internal-
ized by rms. As usual, condition i) is needed for a balanced growth paths
to exist, and condition ii) is consistent with the existence of a competitive
equilibrium. With these assumptions, the system describing the equilibrium
of the considered economy is:*

¢ 1 —
ke= QTR i, j ki, (32)

Hdentical technological assumptions are made by Boucekkine, del Rio and Licandro
(1999). The engine of growth is learning by doing, where both states of technology are
isoelastic functions of per worker cumulative ezcient investment. The technological spec-
i cation x; = X R: and q,., = q is consistent with Romer (1986) whereas speci cation
X¢ =xand ¢z.; = ¢ hi is close to Greenwood and Jovanovic (1998), a slightly modi ed
version of Arrow (1962).
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o
1, =——A—1L (33)

1i 1il
®zR T =1, (34)
R = ¢ + N (35)
1 Qt “ a ,ﬂ
1 ®)zqTi®e = @Qr + —= —+ig 1+ —A 36
(1§ @)zt = B+ o — (36)

Equation (32) follows from (14) under (30), (31). Equation (33) follows from
(6), (9) and (10) given that at equilibrium %, = 0. Equation (34) follows
from (15) under (30), (31) and i). Equation (35) follows from (5) and (16)
under (30), (31) and i). Finally, equation (36) follows from (17) under (30),
(31) and ). Thle steady,state growth rate can be very easily computed from
(32)sinceg= 1i 55 G
M 11 A 1 !
g= i85, LD L., 37)
. 1+ TA
To guarantee that the growth rate is positive at the balanced growth path
and that utility at the decentralized equilibrium is bounded, we impose the
following assumption:

Assumption 3

. 25 . = H
(1i ®)_ZQ}-® >r+J_,>(1 i ®)EQ}-® S R
1+—A 1+—A 1i® 1i®

The st part of this condition implies g > 0. The second part ensures that
r > g and equilibrium utility is bounded.

Evolution of employment is equal job creation minus job destruction. The
following proposition establishes that both job creation and destruction are
linear functions of employment, and consequently evolution of employment
is governed by a simple linear di®erential equation.
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Proposition 9 Dynamics of employment are given by the following rst
order di®erential equation

=33 G +#)l: (38)

and job creation and destruction are respectively given by

ht - It;t =3 (1 i It)1 (39)
where L6
3 = zqrinEi ) (41)
- A
A ) '
#:li® (1i®),zqfi® iri:z ++ (42)

# is the job separation rate, which from Assumption 3 is positive, and 3 is
the exit rate from unemployment, which is also positive.

Proof: From (8) and (34) under (30) and (31) follow that | = qu(@itktlﬁill

- hTil = . .
From (33) and (34) follow that iR7® '™ = z&L2®(1 j I;). Substituting last
equation in former equation, we get (39), which is job creation because only newest
¢ ——
vintage hires workers. From de nition of R, and (32), ﬁ- = qu®:-:-r(’t“® it
¢ ¢ ¢
Rlbf' Solving (36) for %{- and substituting in previous equation we get that {'t’- =

qﬁ@iﬂ-k’tlﬁ'l i # and, since itkﬁ'l = Zﬁl—ii-@ (1 i ly), equation (38) follows.
Evolution of employment equal job creation minus job destruction. Therefore, job
destruction is given by (40) because job creation is given by (39) and evolution
of employment is given by (38), as shown above. Assumption 3 involves that # is
positive.2

Indeed, although Assumption 1 guarantees the positivity of consumption’s
growth rate, it does not ensure at rst glance the positivity of consumption
as computed from the resource constraint (35). The following proposition
provides a condition for this property to hold.
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Proposition 10 Under Assumption 3 a unique and stable steady state with
positive consumption to output share exists if only if the following condition
is ful lled

Assumption 4
2qTi® > #.
Stationary unemployment and employment reallocation are respectively given

by

0<u=g—<I; (43)
2
a=355 (44)

where 3 is the exit rate from unemployment, given by (41), and # is the job
separation rate, given by (42).

Proof: Assumption 3 guarantees ~nite utility. Existence, uniqueness and stability
follow from (38) since 3 > 0 and # > 0 under Assumption 3. Equation (43)

¢
follows from (38) and (6) if It= 0. From the sum of (39) and (40), using (43)
a il
and (6), follows (44). From (35) follows that Ay = zZ j :—:R{L‘@' . From (33)
h—il = .
and (34) follows thag iR = z% (1 i l): Then, from two last equations

follows that A, =z 1 j LL22CH0  From (43) and (6) follows that Qi - ¢

A q
Therefore, using (41), the stationary value of A¢is given by A=z 1j L_J_ ,
zq1i®

which is positive if only if Assumption 4 is ful lled.2

5.1 Technological Reassignment

In this subsection we analyze the e®ects of a change in the composition
of technical progress on unemployment, employment reallocation and the
speed of convergence for employment to its steady state. ? Proposition

2Under identical technological assumptions, Boucekkine, del Rio and Licandro (1999)
analyze as a change on the composition of technological progress a®ects the long run
growth rate.
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11, Proposition 12 and their corollaries establish our ndings. The response
of job creation and destruction to reassignment shocks is analyzed below.
Thereafter, technological reassignment is identi ed with changes in _. Note
that we have assumed ° + = = ®. A change in , must imply an 0pp03|te
change in ° if ® remains constant Therefore, changes in _, given ® constant,
involve changes in the composition of thecnical progress.

Proposition 11 Under Assumption 3 and Assumption 4, higher fraction of
embodied technical progress involves lower long run unemployment and lower
long run employment reallocation.

Proof: Proposition 11 follows by di®erentiating (43) and (44) with respect to _,
using (41) and (42). 2

Corollary Under Assumption 3 and Assumption 4 higher fraction of disem-
bodied technical progress involves higher long run unemployment and higher
long run employment reallocation.

Proposition 12 The speed of convergence for I, to its steady state is given
by
°=(+#); (45)

and it is a decreasing function of the fraction of embodied technical progress.
Proof: The solution of (38) is:
=1+ (o i NerC™"

where 0 < |y < 1 is an initial condition for l; and 3 +# is the speed of convergence
for | to its steady state. Proposition 12 follows by di®erentiating 3+# with respect
to _, using (41) and (42).2

Corollary The speed of convergence for |; to its steady state is an increasing
function of the fraction of disembodied technical progress.

Technological reassignment has opposite e®ects in endogenous and exoge-
nous growth settings. In an exogenous growth setting, as that analyzed in
previous sections, higher fraction of embodied technical progress involves
higher unemployment and employment reallocation, and faster speed of con-
vergence. However, in an endogenous growth setting, an increase in the
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fraction of embodied technical progress has opposite e®Rects on employment
reallocation, employment and the speed of convergence. The key economic
mechanism behind this result is related to the obsolescence cost speci ¢ to
embodied technological progress: Since a drop in the fraction of embodied
technical change has a direct e®ect on the obsolescence costs, it implies a
change in the user cost of capital, which typically determines the growth
rates in endogenous growth settings. Therefore, an increase in the fraction
of embodied technical progress reduces the growth rate of ezxcient capital
and consequently the job separation rate (note that # = g;), which decreases
unemployment.

The response of job creation and destruction to reassignment shocks in an
endogenous setting is interesting and di®erent to that in an exogenous growth
setting. It is also veri ed that job destruction is more volatile than job
creation and both job creation and destruction patterns are decoupled, but
in an endogenous setting only the job separation rate reacts to a reassignment
shock, while the exit rate from unemployment remains constant.

Permanent reassignment shocks In Figure 5 we draw equation (39),
which gives job creation as a function of employment and remains constant
before and after a reassignment shock (line H), and equation (40), which
gives job destruction as a function of employment, before a reassignment
shock (line D) and after a reassignment shock (line D). Economy is initially
in the steady state s, = (lo; ho =dp), if a permanent reassignment shock
occurs it shifts to the new steady state s, = (l,; h, = d,), characterized by
lower employment reallocation and higher employment as Proposition 11
establishes. After a shock, job destruction at once jumps to d; and job
creation remains in hy. Afterward, both variables adjust monotonically to
their new stationary levels along lines H and D'. Therefore, job destruction
is more volatile than job creation in response to permanent embodied shocks,
and both job creation and destruction patterns are decoupled.

Transitory reassignment shocks In Figure 6 we draw equation (39),
which gives job creation as a function of employment and remains constant
before and after a reassignment shock (line H), and equation (40), which
gives job destruction as a function of employment, before a reassignment
shock (line D) and after a reassignment shock (line D). Economy is initially
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in the steady state so = (lo; hg = dp), if a transitory reassignment shock oc-
curs, job destruction at once jumps to d; and job creation remains constant
in hy. Employment shifts I, < |y and after job creation and destruction ad-
just monotonically to their stationary levels along lines H and D. Therefore,
job destruction is more volatile than job creation in response to transitory
disembodied shocks, and both job creation and destruction patterns are de-
coupled.

de h D d, h 5

ho=do=h{ X&SK ho=do=h
hz=d /

th th

IO |2 It |0 |1

Figure 5: Permanent Reassignment Shocks  Figure 6: Transitory Reassignment Shocks

6 Conclusions

In this paper we built up a simple growth model which allows comprehen-
sively to explore the relations between technical progress, unemployment and
employment reallocation in the long and short run. Our model includes em-
bodied and disembodied technical progress. Two alternative technological
assumptions are realized and its implications analyzed.

In rst place, we develope a vintage exogenous growth model, in which is
assumed exponential embodied and disembodied technical progress. Addi-
tionally, technology of each vintage is allowed to update at constant rate.
In this setup, our ndings can be synthesized as follows: (i) higher embod-
ied and disembodied technical progress rates generally involves higher long
run unemployment and employment reallocation, and faster convergence for
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employment to its steady state. (ii) Faster technological updating involves
lower long run unemployment and employment reallocation, and slower con-
vergence for employment to its steady state. (iii) Higher fraction of embod-
ied (resp. disembodied) technical progress involves higher (resp. lower) long
run unemployment and employment reallocation, and faster (resp. slower)
convergence for employment to its steady state. (iv) Both permanent and
transitory technological shocks provoke a response of job destruction more
volatile than job creation and the response of both variables is decoupled.

In second place, we develope an endogenous growth model, in which the
engine of growth is learning by doing, where both states of technology are
isoelastic functions of per worker cumulative ezxcient investment. In this
setup, we focus on the e®ects of technological reassignment (changes in the
composition of technical progress) on unemployment and job creation and
destruction. We show that an increase in the fraction of embodied techni-
cal progress has opposite e®Rects on employment reallocation, employment
and the speed of convergence that in an exogenous growth model. The key
economic mechanism behind this result is related to the obsolescence cost
speci ¢ to embodied technological progress: Since a drop in the fraction of
embodied technical change has a direct e®Rect on the obsolescence costs, it
implies a change in the user cost of capital, which typically determines the
growth rates in endogenous growth settings. Therefore, an increase in the
fraction of embodied technical progress reduces the growth rate of excient
capital and consequently the job separation rate, which lows unemployment.
The response of job creation and destruction to reassignment shocks in an
endogenous setting is di®erent to that in an exogenous growth setting. It is
also veri ed that job destruction is more volatile than job creation and both
job creation and destruction patterns are decoupled, but in an endogenous
setting only the job separation rate reacts to a reassignment shock, while the
exit rate from unemployment remains constant.
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