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equipment leading to shorter lifetime of capitabde (obsolescence). The balanced growth
trajectories are analyzed in this context to find, an particular, how the optimal choice of
work intensity is tied to the rate of embodied tealbgical change. The impact of embodied
technological advances on the work/life balance blgm is discussed and their

macroeconomic consequences are highlighted.
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1. I ntroduction

Work has been an economic necessity for peopleeioturies. At the same time, overworking
may cause fatigue and missing recreational oppiviesrthat, as a result, lead to illnesses,
direct economic losses (in the form of missing wankl extra medical expenses), and shorten
the lifespan of individuals. The Economist Intedlige Unit'squality-of-life index considers
healthiness(determined by the life expectancy) as the fiflsth@ir nine major indicators,
followed by thefamily life and thecommunity life while the economic prosperitynéterial
wellbeing is the fourth indicator. Then, what is the optirbalance between working hours
and leisure time that can be spent with family andecreation facilities? Recent surveys in
many European countries show that people are gilllmwork less and sacrifice a part of
their earnings in order to improve their style ité bnd spend more time on leisure activities.
Simultaneously, the academic literafutds full of cases and general studies highlighting
indicators of the quality of a working life such jab involvement, work role conflict, work
role overload, job stress, and turn-over intentiofisus, particular attention is paid to the
impact of work time and working conditions on hkaltThere is a clear “work-life balance”
to identify, and this is not an easy problem toki@cas it involves a wide range of
socioeconomic, psychological and biological fact@tsriving from age and gendérjn this
paper, we shall present the economic approachddé#kance problenmAlthough the rational
individual choice of working intensity has been lgmad in the economic models with
endogenous labor supply it remains an open topic of deb&teSVe shall take this analytical
avenue here. Needless to say, there are other agye® to the work-life balance. Gifest
enumerates five alternative models in the psychicébdjterature. Though these modéfsare
essentially descriptive, they do highlight fundataérfiactors in the balance problem under
scrutiny. The analytical approach presented inphjger has the virtue of providing clear-cut
mathematical results but it has its own drawbaaksvohg from the fact that it is built on
strict individual rationality criteria.

A very important question in the literature on thwerk-life balance is the role of
technological progres§.echnological innovations affect different aspeatsiuman life and
definitely impact the working conditions and workensity. An interesting open question is
whether the technological development and relatedemization of working conditions lead
to a decrease or increase of the time that peaplevidling to work. This question is much

less trivial than what it might appear at the figkance. Indeed, one might think that, for



example, the rise of information technologies woelase the balance and simplify the
problem faced by individuals in modern societi@spiactice, this is far from being granted.
It has been shown that information technologies ehandeed favored a series of
organizational changes, in particular, towards itagking (see a summary of this
organizational change in the &%nd a related analytical wdfkx However, these changes
have not necessarily improved the quality of waogkiife, and, therefore, they have not
changed the tradeoff between work and life in aretait way as one would have expected
(see'? for the French case). Our analytical work tackhes balance problem between work
and life (or leisure) under the assumptiorenfbodied technological progredbat is, when
only the newest capital goods are the vehicle dfirielogical progress, a deep characteristic
of information technologies. The most natural mddehcorporate this feature is the vintage
capital model where the date of capital productilso determines the technology embodied.

In this context, we will study how economic agewi choose their work intensity, that
is, their arbitrage between work and life. To omowledge, with the exception &f, this
paper is the first one studying work intensity @eoin such a technological context. Earlier
vintage capital models by R.Solbtand developed in other literattité®do not include work
intensity choice. For instance, a linear probfédpes not actually characterize individual
behavior, labor intensity being fixed by a cenpianning collective choice.

The major advantage of the vintage capital appraacan explicit description of the
capital modernization process, including the rerhot@bsolete assets (capital replacement).
In contrast to traditional models with homogenoapital, an acceleration in the rate of
(embodied) technical progress leads to shortertalagioods’ lifetime, namely, to the
scrapping of the oldest and obsolete machines. Wowld the labor demand and supply
decisions get altered in the latter non-standamtest? As mentioned above, the vintage
literature has so far focused on labor demand foysti Here we look at the suppliers’ side,
under the assumption of clearing labor market. Bepkthe analysis simple, we do not
introduce organizational and human capital coste@ated to the scrapping of the obsolete
equipment. Despite this simplification, the mod#bws to bring out several benchmark
implications of embodied technical progress folirapt work intensity, and, therefore, for the
work/life balance problem.

The rest of the paper is as follows. Section Zoohices and analyzes the model. Steady-
state analysis and balanced growth regime are gedvin Section 3. Section 4 concludes.



Some important supplementary results obtained dutie investigation are presented in

Appendix.

2. Description and analysis of the model

Following the concept of decentralized economy witldividual rational behavior, we
consider a system that consists of identical imldial workers and a number of identical firms

in a perfect competitive market.
2.1 Modéling of theindividual choice

Individuals work, receive wages, buy goods for emngtion, and make savings generated by
the initial wealth and labor incofheSuppose, all of them have the same preferences, a
equally productive, and receive the same wage wgte The novelty of our study is a
consideration of th&abor/leisure ratio Namely, we assume that the individuals choose the
work intensityN(t) and the level of individual consumptiaf(t) to maximize their overall

future utility:
mﬁ\xje“‘[lnc—a\l]dt >0, p>0, (1)
& 0

The utility (1) reflects an aggregate numerical suga of the individual gjuality-of-life
index at timet, that takes into account two factors: the indigidoonsumptiorc(t) and the
work intensity N(t). The functionN(t) represents the fraction of time individuals spent
working and it isnegatively related to their healthiness. The irdkgr (1) considers all future
flows of the utility with the decreasing weight*, which means that the utility is valued less
if it is received later. The given rape0 of individual time preference describes thensity
of this intertemporal preference and is calledithgatience rate

Thelabor disutility parameterd >0 describes health-related and other damagegsdaas
individuals by their work (the disutility of work]t is incorporated in the utility function (1)
in a linear manné&f. At =0, the model (1)-(3) coincides with the standazdn®mic model
of individual behavior, which commonly assumes libgarithmic utility of consumption. A
more comprehensive way to include health conditionghe utility function consists of



introducing the concept of health capital and feakpenditures. We keep here the simplest
endogenous labour supply specification becausevihgage structure to be introduced
hereatfter is itself complicated to manage analfjidhat it makes sense to start with this
benchmark specification of labor disutility.

The financial market is also assumed to be perfedd, the return to financial assets is
equal to the interest ratg€t). The wealth accumulation of individuals is subjectedthe
following budget constraint

A(t) = r() A + Wt N(t) —c(t), (2)

whereA(t) is the individual's total asset#\(0) is given,andw(t) is a given wage rate for full
employment.

The decision variables of (1)-(2) are the consuampti{t), c(t) >0, and the employment
level N(t) that satisfies the following constraint:

0<N(t) <1, (3)

where the choicé(t)=0 occurs when the representative individual do@swork, whereas
N(t)=1 when they work the maximum allowed time anceree the full wagew. If the control
N includes variation in the work effort, then it wdunot have an obvious upper boux)=1

but the nonnegativity requirement hdlds

Analysis

The analysis of the optimization problem (1)-(3)gisite standafti The Hamiltonian of the
problem (1)-(3) can be written as

H = e [Inc—aN]+A[rA+wN-c—- A, (4)

where A(t) is the co-state variable associated with the westttumulation equation (2). The

corresponding first order conditions for an intemeaximum inc, N, A are

lc=e"A, (5)



70 = Aw, (6)
-A=Jr, (7)

with the transversality conditionjim A(t) A(t) = 0.
to o0

Substituting/ from (5) into (7), we obtain
cle=r(t)-p. (8)
Combining (5) and (6), we have the new optimalguation
w=&, 9)
that characterizes the optimal interior labor istgn

2.2 Modd of firms undergoing technological improvements

For clarity, we consider a population of workinglividuals of the constant size Then,
following Section 2.1,LN(t) is the total labor supply from individuals, whetfee work
intensity N(t) is determined by the individual workers ahds the maximal possible labor
supply.

The major assumption of the vintage capital modslisthe presence of ongoing
technological change that makes new capital ecorallyimore efficient. As a result, the
firms buy only new capital assets (vintages), @meterioration can be neglected, and the
assets are scrapped when they become economichBglete. Let us consider the
representative firm that produc&§t) units of output, usekN(t) units of available labour,

investsl(t) into new capital, and seeks to maximize the firgiscounted net profi
max] [Y(®) ~WOLN(t) =1 (O] (), (11)
! 0

wherew(t) is the unit wage at time and/t) is the discounting factor, which depends on the

stream of interest rate uptt@ccording to:



ut) = e_fg o (12)

The investment(t) in (11) is measured in the units of output anel phnice of the new
capitall(t) equals one. This follows naturally from our ometer setting, which requires the
cost of acquiring of one unit of capital to be dqoahe production output of one capital unit.

The production outpuY is described by the vintage Leontwbduction function

t

Y@):jl(ndn (13)
a(t)
and
LI(T)
IN() = [ —Lgr, 14
(Ua&ﬁm r (14)

wherea(t) is the oldest vintage in use at timpeN(t) is the actual total labor supply that is
used to operate all machines in use.

By (13)-(14), one unit of capital of any vintag@roduces exactly one unit of output, but
operating one unit of vintage requires 1/ 8(r) units of labor, where an increasing function
A1) reflects the labor-saving exogenous technicalgmass. There are no organizational
aspects in the model (see an elementary exalmpled a more comprehensi. Again, the
study of the relation between work intensity andhtelogical progress is already quite
challenging in the vintage capital setting consdenere.

The constraintsof the firm optimization problem are given by thennegativity condition

for the investment

kt) =0, (15)

and the standard requirement that scrapped mactame®t be reused:

aM =0, 4dH<t (16)

We shall also specify thaitial conditionsas follows:



a(0) =ap<0, 1 (7) =10(7), 10[20,0]. (17)

The optimization problem (11)-(17) includes threekmown functionsl, a, and Y
connected by equalities (13)-(14). The analysighef problem (11)-(17) is not standard,
nevertheless there are some developed techriif§és that can be extended to this case.
Namely, since the total labor supplft) is constant, we can switch to the per capitaatées
y=Y/L, c=CIL, i=I/L and use the unknown functiom = i/3 following?>. In the variabley, m,

a, the optimization problem (11)-(17) becomes:

Tﬂgg(I [y(t) = W(N(t) = B m(t)] u(t)alt, (18)
y(t) = jt) B(r)m(r)dr, (29)
N(t) = j) m(7)dr, (20)
=0, a®=0, 4dt<t (21)
a(0) =a<0, m(7) =mo(7), 70[a0,0]. (22)

Analysis

Let us choosan(t) and a(t), t[J[0,»), to be theindependentcontrols of the optimization
problem (18)-(22) and consider the unknown fundigft) to be thedependent(state
variable defined by (14). The necessary conditiofis®?°for an interior extremum in the

optimization problem (18)-(22) are:

a™(t)

[ u@[B®) -wn)dr = uB), (23)

w(t) = Sa)), (24)

where a™(t) is the inverse function Gf{t).
The equality (23) is the optimal investment rule fontage capital models, and the
equation (24) is the optimal scrapping conditiar: the given wagew(t), it states that it is



optimal to scrap operating machines when their labibr productivity S(a(t)) becomes equal

the unit labor cosiv(t).

The optimization model (18)-(22) describes a firrdignamics under given wage and interest
rates and is known as a partial equilibrium modehuick look at the equations (23)-(24)
shows that, in a general case, this model doedan interior trajectories over the entire
planning horizon [Gp) and possesses transitory corner regimes staatitrg0™>1¢8192! The
situation is quite different in the general equilii;m model analyzed in the next section,
where the wage and interest rate aoe given but are rather endogenous and determined by
market equilibrium conditions. As it will be shovirelow, the interior regimes exist in the

general equilibrium.

2.3 Decentralized equilibrium model

The concept of market equilibrium allows us to gmalthe joint competitive behavior of the
individuals governed by the optimization problem)-(3) and firms governed by the
optimization problem (18)-(22). The individuals afiins face the given interest rateand
wage ratew, which are the same for both individuals and fiahshemarket equilibriumThe
market equilibrium imposes certain additional rielas among model variables (the so-called
clearing marketconditions). Namely, assuming that the economylised, theclearing

condition for good markeh our model is:

y(t) =i(t) +c(b), (25)

which means that the firms’ output is spent in Bogaum on the new capital investment of
firms and the consumption of individuals. The edudll4) is theclearing condition for the
labor market which means that the labor supply from workeregsal to the labor used by
firms. The condition (14) reflects the fact thag tabor supply(t) is now endogenous.

We define thesquilibrium of the mode(1)-(3),(18)-(22) asa trajectory K(t), At), m(t),
a(t), y(t), c(t), r(t), w(t)) for t = Othat solves the individuals’ optimization problefr)-(3) and
the firms’ optimization problem (18)-(22) when bptthe good and labor markets, are
clear.So, the equilibrium is described by the folltg system of eight nonlinear integral-
differential equations
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o

o rt)-p, (26)
a=er (27)
v = | BOm@dr, (28)
a(t)
a™(t)
[ u@]BE) - Ba@)dr = ut) A1), (29)
w(t) = B(a(t)), (30)
(ty=c(t) +BHm(L), (31)
O<N(t) = j m(7)d7 <1, (32)
a(t)
w(t) = &(t) (33)

in eight unknownd\, 1, m, a, y, ¢, r, w with the initial conditions (22) and(0). This system
is quite challenging to analyze.

We concentrate on interior solutions of the equililm problem (26)-(33). In contrast to
the firms’ vintage modet8?°?* the existence of interior regimes is more likielghis system.
Indeed, wages are no longer given, and the solitidhe system is far from being obvious.
Versions of the equilibrium model (26)-(33) undke tfixed labor (at?=0) are considered
in(Boucd7. BouckBlyhare some partial solutions are obtained foiogitémal growth.

In our model8+#0 and the addition of the endogenous labor supifty significantly
complicates the analysis of the involved dynamistesyi. Namely, in the model with fixed
labor at #=0">?* under a given past investment profile, the labmarket equilibrium
condition (32) allows us computing(t), which determines wages by (30), and then
identifying the interest ratg/ as a solution to an advanced integral equatioedas the
optimal (interior) investment rule (29). This pattrecursive algorithm iso longer possible
in the system (26)-(33): the equilibrium conditi@2) for the labor market has two unknowns

for a given past investment profile: labor sup(y) and the vintage index(t).
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3. Steady-state analysis and properties of balanced growth

To get clear analytic results about the qualitadtyaamics of our model, let us consider the
decentralized equilibrium problem (26)-(33) wherm tbxogenous technological change is

exponential with a giverate )>0:

At) =B, (34)

Then, the system of eight equations (26)-(33) aldar the existence of lsalanced growth

trajectory (N, &, m, a, y, ¢, r, w) that grows with the rat¢z Namely, let us assume that
y(t) = ", andc(t) =", whilet — at)= T =const. Thenm(t)=m =const by (31)N(t)= N
=const by (32),w(t)=Be™" by (30),4(t)=e " by (30), and the system (26)-(33) leads to

r(t) = y+p = const, (35)
y=c+ Bm, (36)
—a 7
y=gmi e (37)
4
N=mT, (38)
— a (etNT —a AT
1me 77 _enlf oy (39)
Pty P
ec =Be"", (40)

with respect to the unknown constaigts m, N, ¢, r, andT .

3.1 The existence of the balanced growth trajectory

Equation (39) determines the constant optimal ehfiietime T under the given technological
change ratg: It has appeared earlier in vintage mottélsif T is known, then we can find all
other componentg, m, N ,¢ of the balanced growth trajectory (35)-(40). Toévability of

the equation (39) is given in the following lemma.
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Lemma 1l Let p<l. For any given 09<1—-p, the equation (39) has a unique positive solution
T>0. The value F o as y—0 or y-»1-p, so T decreases iy for small yand increases for

larger y. The valugT - dAn(1-p) as y—0 and T is larger for a largery.
In particular, if p<<1 and y<<1, thenT = /2/ y.

1-g PnT _eh 1-e 7" |
pry Y
Now using the propertig5(0)=0, F(T) O [1] - 1/(po +)), and observing that

Proof. Let us denote the left-hand side of equation &9 (T)=

AT T
Je p

F'(T) - e_(p+y)T + Je > O’

one can conclude that the functiB(T) increases fronfr(0)=0 toF(0)=1/(p + y). Therefore,
a finite solutionT to (39) exists only ifi/(o+y) >1, ory<1- p. The solution is unique because
the functionF(T) is monotonic. It proves the first part of the lem

If both p <<land y <<1, then applying the Taylor series up to the secomigr to the
equation (39), we obtaipT > /2=1or T = \/m

In order to understand relations among, andyT for an arbitraryp<1, let us introduce

1-e et - 1-e 7"
Pty
Implicit Function to the equalit®(T, y )=0, we get

the auxiliary functionG(T, y )= —1. Applying the Theorem of the

dT __0G/ay __T-1e (p+p)-[e" - Jolp+y)*
dy  aG/aT yii-e7") '

Now, calculating and estimating the derivative

dom) _ 1,97 _ pe”’

- = ~(0tNT 1
dy dy  (p+yyit-e S 1-(p+1)>0,

we obtain that the valugl monotonically increases infor any 0g<1-p. Next, presenting

the equation (39) in the form
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1- e-pT y(l— e—(p+y)T )
P plp+y)

we see that the valudg - -In(1-0)>0 as y—+0. Correspondingly;T -« as y-0. Finally,
since the valueyT remains finite asy-+0, the above derivativelT/dy— -0 as y-+0.
Therefore, the valu@ decreases iy for certain small valueg; but it increases for a larger

y becausd -« at y— (1-0). The lemma is proven. a

The lemma shows that the balanced growth capfelme T is a decreasing function of
the technological progress ragewhen yis small enough. The lemma also provides a clear
statement of the non-monotonic dependefgg, not covered in previous pap&rs *2?°on
related models. Nonetheless, from now on, we onbncentrate on the realistic
parameterizations of the model when both givensragt@and y are small enough. Then, a
technological acceleration shortens the lifetimeayital goodg'.

Once (39) has a unique solutidn the whole balanced growth trajectory is uniquely
determined as explained above. Excluding,m from equations (23)-(25) and (27), we get

Nl e”
Ol-y-e”

(41)

Using Lemma 1 and the formula (41) with the constsa(3), we obtain the following result.

Theorem 1 (about the balanced growth). At the given exponential technological change

(34), the decentralized equilibrium (26)-(33) passs a unique balanced growth trajectory :

t—a(t)=T =const, mt)=N/T, (42)
r(t)= y+p = const, w(t)=Be" ™ | (43)
y(t) = NBl'yeT_yT e, (44)

e”, (45)
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where T is determined by the equation (39).
If

ad
6> L_T . (46)
1-y-e”

then the optimaN is interior: 0<N <1 and given by (41). The optim&l is corner N =1, if
(46) fails. Aty<,p<<1, the condition (46) i > (1- )" +o()) .

In summary, the balanced dynamics of the firm’simation problem remains
essentially the same as in mddetith exogenous technological progress and ineldatior
supply, because the key scrapping equation (3®eisame in both models. Specifically, the
firm’s renovation dynamics is the same as for auced total labor supply given by the
endogenous work intensity Bl instead oN=1.

We now proceed to the analysis of the impact ofitetogical progress on the optimal
work intensity. The properties of consumption, atitpnd investment, which are not the focus
of this paper, are reported in the appendix forstilkee of completeness.

3.2 The existence and analysis of theinterior endogenouswork intensity level

If the parameted is not largei@<1, then the optimal individual work intensity (erapmhent
level) N is always boundaryN =1, i.e., people choose to work maximum possibler$id-or
the values of the parametérlarger than its critical valu@ determined by (46), the optimal

N <1 can be interior, i.e., people can choose to wods I@ut alwaydl >0). The key

formulas (41) and (46) can be simplified in thddaling practically important case.

Corollary 1. For small yand p. )< p<<1, the critical value of the labor disutility pameter

is 6= (-y)*. At 6>6, the optimal work intensity levél is interior:

Z|
n

: 47
ol-y) @
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That is, at6>6, people voluntary choose to work less than maxinhonrs. The work

intensity N increases when the rajeof technological progress rises.

Proof. Let us rewrite formula (41) as

A (48)

= 1
N==—Y |
6 1-ye" -1

If p<<land y <<1, then T =2y by Lemma 1 and, applying the Taylor series up tosé

order to the exponent in (48), we obtagf* /2=1 and

S - 2y 2y 11

1 y 2y \ :1 =
0 -Yi+y2y+2y/2)-1 01+ 2y +y-y-pfoy-y -1 O1-y-p 2y’

which gives (47). The corollary is proven. u

The case with no technological progress, y=0:
The optimal controls in the firm’s optimization jem (11)-(17) aty =0 arem=0 and

a=a,'%%*% which leads to the optimal steady-state valfes0, ¢ =B, y=¢c =BN , while

the modified zero-profit optimality condition foirms givesy= wN , i.e.,w = B. Hence,N

= 1/6.So, when @ >1, then the employmentN = 1/8is less than maximal and
correspondingly, the real consumptios W/ & is less than the full-time maximal wage

A similar picture occurs when the technologicalgyess ratg/is small, but then the real
consumptionc is larger than the consumption= w/@ at =0 because of technological

innovations.

The previous corollary has two interesting resufisst of all, optimal work intensity
depends on two fundamental parametérand y; specifically, the disutility of work and the
rate of embodied technological progress. If thekivay conditions are good enough, which

does occur when the paramefds below a well defined threshold, then the indinals might
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devote all their time endowment to work. The existeof such a corner regime is obviously
due to the linearity of the utility function witlespect to the contrdl. This result highlights
the essential role of the working conditions in baance work-life problem. Second, when
the working conditions are not good enough, thenitidividuals are willing to work only a
fraction of time. This fraction of time decreaselsew the working conditions worsen (when
@ increases) but goes up if embodied technologicaineiss accelerates (whgimcreases).

It is also worth to point out that théthreshold value is increasing in the rate of enndbd
technical progresg Indeed, because acceleration in the technologicajress rate increases
labor income, which in turns rises consumption oppuoties, it more than “balances” the
disutility of work. As a result, individuals chootger work intensity. At a more aggregate
level, one may interpret the previous resultaasemployment increases with the rate of
embodied technological progregsin the standard modéfswith labor/leisure choice, a rise

in yalso increases (voluntary) employment. This priypsrmuch less obvious in our vintage

model. Indeed, sindd = m T, the impact of employment on the technologicakration is
ambiguous in our vintage capital set-up becausedpéal lifetime goes down in response to
the shock while the latter is likely to stimulateséstments, resulting in an ambiguous labor
demand. For small enough one can check that the second effect dominateghwn turn
yields a globally positively responsive labor dehaas in some other mod&ls

As suggested in the introduction section, the endabdhature of the technological
progress conveyed by the information technologmssdchot seem to reverse the relationship
between the rate of technological progress and wuagasity and employment observed in
the traditional models though the economic mecmasist work are more complex. This
should not be seen as a problem but as a goodrpyagevintage models. Indeed, except for
certain countries with labor market regulation dieg@ushing for shorter working time (like

France), the majority of advanced countries (iniclgdthe US) have not experienced a

decrease in total working hours since the 198t@sgolden age of information technologies.

4. Conclusion

In this paper, we explore the relationship betweptimal work intensity and embodied
technological progress. The latter type of tecHnmagress is consistent with technical

innovations inherent in information technologiese Btudy the problem in vintage capital
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formalism, which is adequate to model embodied neldyical progress. We have shown
that, though the economic mechanisms at work irtagm capital models are far more
complex than in traditional models with homogenagpital, the embodied nature of
technological progress does not seem to reversepdiséive correlation between work

intensity and the rate of technological progreaditionally observed.

Needless to say, our results should be properlyifigaga A major drawback from our
approach is that (for simplicity sake) we have mmorporated organizational changes, a
major trend in era of information technolodfedf organizational changes (towards more
flexibilization) are thought to worsen the workimgnditions, then the increase in wages
following technical accelerations is mitigated bg induced worse working conditions (in the
language of our model, the paramet@end yyare no longer independertjncreases with).

In this case, our main results should be carefuithended.
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Appendix: The properties of optimal consumption, output and investment

In vintage capital models with exogenous 1ab8f°* the optimal output is smaller for larger

values of ;; namely, a technological acceleration raises thwestment but decreases the

output and consumption. The situation is more caraf#d now because the employméht

is endogenous and also dependydry (41). There are two conflicting forces whermgoes
up: one pushing output level up through the stitnutaof investment in new machines, and
another one going in the opposite direction viadhep in the lifetime of capital goods, the
latter being predominant. The endogenous work sgitgrs the third such force. The size of
the negative effect is unchanged because the lwlacapital lifetimerl is unaffected by the
endogenization of a labor supply (s determined by the same equation in the twosjase
Therefore, because(t)= N /T, investment is stimulated by the risejifor two reasons: the
machines are scrapped earlier (the denominator gows) and the work intensity goes up
(numerator goes up). Because of capital/labor cemehtarity and the positive effect on
employment of a higher ratg the endogenization of the labor supply reinfer¢be
stimulating effect of technological progress on itmeestment level. Therefore, the positive
impact of highery on output level is larger than in the models wattogenous labor. The
following proposition shows that the total effect output level will remain qualitatively the

same.

Corollary 2. If y<p<<1, then the levels of optimal output and constiorpare smaller for
larger values ofywhile the investment level increases.

Proof. We focus here on the impact of higheron the output levely, which is the most

complicated part of the proof. Substitutifg andT = ./2/ y into (44), we obtain that

wherex=yT. The differentiation of (x) gives

B Q- (e -1+x+x*/2)—e*x*/2
S} 1-e>*-x?2/2)? '

f'(x) =
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By Lemma 1,)T = \/Z/ is small at small. Presentingg™ as the Taylor series, we obtain

, B _, x*(1-3x+4x°/3
O LR
20 @-e*-x°12)

Hencef '(x) <0 at smalk andy. The corollary is proven. d

Thus, the endogenous scrapping mechanism inhecerthd vintage capital model is
guantitatively strong enough, so that exogenoublni@ogical accelerations dominate the

impact of partial voluntary unemployment on outjaviel.
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