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ABSTRACT .

" This paper addregséé the stylized fact that individualf
firms, wﬁen und;rtaking major processes ©of technical
innoﬁation, appeay to reduce employment and, symuitaneqpsly,
fo offer wage increases to the remaining onrkers
independently of how slack is the labour market,” Because

]

_ . _ /
‘thilis sits unconfortably with the standard labour market
- - - \ .

_'stories we develop héré an approach based on the theories of
idiosyncratic_exchange, namely the_optimal contracts and the
;barqaihing theories. The obtained resuits are suggestive
- that bafqainiﬁg thebries do. not offer an explanation for
thaﬁ stylized fact Dbut the contractual model, with

incomplete information, under a set of unconventional but

realistic assumptions does explain that stylized fact.
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1.INTRODUCTION

The general question of the effects of technical
_progfess on employment - and wages is galning an increased
importance for both professional economists and the public.
One regularly f}nds ~in-  the press statements that
technological progress destroys jobs while many policymakers
prefer to point the accusatory finger to workers choosing to
price thenselves out of jobs.' These two views need _not be
Aincompatible and our. goal in this paper i%//éo model

'circumstances in Which,'ﬁi@ultaneously, employment falls and

wages are increased.

-

Technical progréss has been dealt with in various ways
in the literature. Here we will represent it as a reduction
in the price of the efficiency units of capital. This
modelling strategy was motivated by, among ofher things, the ‘

-

‘recent fall in the price of electronic gadgetry.

- The "stylized fact" which we address is that individual
firms, : when undertaking major processes of technical
innovation, appear to reduce ?mployment an.l, siﬁultaneously,
- to offer wage increases tc the remaining wérkers; Moreover,
this seems to happen independeﬁtly- of how' slack 1is the

labour market.
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*

One possible explanation which fits ‘into a standard
labour ﬁarkeﬁ story‘ is that a firm needs higher quality
workers when new machines are in place, and hence has to pay
higher wages, but this sits unconfortably with the fact that
it is (part of) the old work force which is being retained.
Given that old workers appear to 5enefit from the new
technology, without reference to the oﬁtside labour mafket,
it suggests that one ought to model the process using
theories of idioé&ncratic exchange - in particular

bargaining and contract theories.

In section 3 we will suggest that bargaining/,ﬁheories
‘do not offer a consistent explanation for our "stylized
fact" because, under reésohable assumptions, technological
inﬁovafion* should lead'not only'to an increase in wages but
also to an increase in employment. For fhis reason we
'\developed a more unconventional model based on contract
theory with 1limited information. This model, which is

presented in section 2, does explain our stylized fact.

The idea of the model is that wages can only be made
contingent on easily verifyable conditions at the sharp end
- of the productive process. 1In actual contracts, see e.q.
JohnsoﬁflSBS), one does not find that wages are explicitly
made contingent on a variable such as the state of
technology available outside. Nor, indeed., are they ever
contingent on total employment or capital stock. What does
seem critically important are the "working conditioﬁs“.

which we here concretély think of as the capital-labour
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ratio at the work face. It is coﬁmonly observed that when
management introduces new equipment and .changes the manning
levels (perhaps as a consequence of a reduction in its cost)

there is serious negotiation over wages and/or "productivity

© bonuses™.

The fact that wages cannot be conditioned directly on
the state of technology (i.2. on the price of capital) led
us to assume that the price bf the capital units is private
information of the firm. The simplest motivation for this
. éssumption rests on the oliqobolistic nature Of. the market

for capital equipment, tipically a customized qoogJ'and the

/s

fassociatéd straﬁégic behavidur in pricing. 7

N R
The predictions of our model, namely that in an optimal

contract a  decrease in the price of caplital will lead to
.higher wages and at the same time the firm will increase the

capital-labour ratio and decrease total employment , are

robust to wvariocus assumptions about the market structure for

the firm’s output.

The plan of the paper, then, is to present the contract
model in section 2 and to discuss the bargaining approach in
section 3. A comparison between the main’resulgs, and the

conclusions, are in section 4. Mathemat:cal proofs are in

"the appendix.
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2.THE CONTRACTUAL ECONOMY

In this section we will analyse a contractual model of

wage and employment determination capable of offering a
theoretical explanation for the simultaneous reduction in
employment and increase in wages for the remaining workers
that some firms progose to their labour pool when wishing to
introdu&e major. Changeé in their production techniques.
These technological changes are usually seen to i@ply an

increase .in the capital intensity of the productioﬁ process.
] ) 7/

More intuitively we are thinking about those situations
whére the - firm wishes to adﬁpt more "automatic" capital
units, be it _through the introduction éf "robots" or
‘otherwise. Also it 1s well known that the price of the
electronic gadgetry that is usually associated with the wmore
automatic wmachines has been decreasing. This particular
.devélopment seeﬁs to sustain the detectable public feeling
that automation is, at 1least partly, behind the recent
. decrease in industrial employment observed in many of the

more advanced economies.

Reasoning purely on the basis of the neoclassical
theory of employment determination the immediate question to
ask is whaf prevents wagés or relative wages to adjust in
such way as to prevent the emergence of layoffs, in the

conditions described above. Moreover what one really
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observes is not only persistence or rigidity in wages but
actually increases in the wages paid to’ the workers that

remain employed after the introduction of the new machines,

Issues as the recently observeq waée concessions where
one notes a shift in the emphasis of contractual clauses
towards the protection of employment will be sidestepped.
The reason for thié is that those concessions seem to he
circumscribed not only geoqraphically (ﬁainly to the U.S.A.
economy) but also to extreme circumstances where the firnm
- threathens bankrﬂptcy. One could argue that tﬁose special
circunstances call for a major reapraisal of thg.fmplicit

_ : , )

‘contracté whilé here ﬁe intend to analyse the

characteristics of the -exibting implicit contracts.

The modeling strategy consists in summarizing the state
cof teéhnoloqy _by thé purchase price (r} of assumedly
homogeneous capital uhits, henceforth called wmachines (K).
For simplicity we shall consider only two technological
states. ‘State one, ocurring with probability . (a) with
‘associated (rl) and state two with associated (r2). State
one will be called the "good" technological state in the
sense that |

t "r2 ¥ rl ' }

The model is based in, among others, the following four

" crucial assumptions:
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ASSUMPTION 1.

The price of the machines (r) is private information of

the firm.

The intuition that motivaﬁes this aséumption Irests on
the consideration "that  those machinés, often customized
goods, are supplied by a number of .price discriminating
oligopolists engaging in strategic behaviour and, therefore,
keen in not revealihg the actual discounts offered to each

user. 0f = course, contractual wages cannot be made

-

e

contingent on the prices of those machines.

This assumption leads to a technical noveIéy in £he
paper since the infbrmafiohal asymmetry_is introduced on the
coét side of the firm’'s profit eﬁuation whereas the common
practice before consisted in introduéinq iﬁ on the revenue
side of that equation as can be seen in, e.g., Hart’s (1983)
survey and in the papers presented at the Q.J.E. (1984)

symposium.
Another informational assumption is:

ASSUMPTION 2.

The workers cannot observe the "size" of the firm or
its total imputs use. All they can observe are the “working

conditions", that is, the capital - labour ratioc k=K/L.
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This assumption is in_accordanée with the fact that
actual contrécts in qenefal do ﬁot make'waqés contingent on
total employment or on the capital stock and only very

‘rarely make them contingent on variable; that proxy for the
firm size 1like total output or total revenue. The
explanation of this behavioural assumption is clearly out of
the scope of the paper hut we shall, nevertheless, attempt

to motivate it.

One possible motivation rests on the complexity of the
; productive procésses. On oné hand the productive processes
are frequently divided tthugh many plants sometimgs’located
‘in different countries and, on the other;fhand, the
complexities of those pfodhctive processes may give rise to

extepﬁélities such thatlevalﬁating factor’s use through the

+ "number of heads” like machine counting or total employment

* would render the result meaningless.

However it is only too frequent to observe that in the
labour contracts the "working conditions" are made explicit
together with the wages. This we proxy by the manning

levels formalized as the capital - labour ratio.

Two other unconventional assumptions of  different
. }

nature were also made:

1
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ASSUMPTICON 3.

All reductions in employment can be accomodated through

.natural wastage. .

ASSUMPTION 4.

Eventual new recruiﬁs will have to be paid the sanme

wage as the previously employed workers.

These two assumptions basically simplify the analysis

while, ’ we feel, reflect. the acfual labour market

institutions. HNatural wastagé includes not only all the

. e
workers .that retire or quit for any reason between contract
\ e _ ~

'neqotiation and the productive run bhut also all_éhe workers

that the firm induces to "quit" through earlier retirements

or otherwise. The major consequence of this assumption is

. that we may iénore the problems of involuntary layoffs and

their rationale.

Assumption 4 reflects the fact that firms when hiring a -

.new- recruit do pay him according to a wage schedule

previously negotiated 1instead of engaging in direct
bargaining. In this paper we consider all workers to bé
homogeneous and so there will be a single rlage Eafe for both
"0ld" workers and new recru.ts. A possiﬁle motivation for
this assumption is the need of avoidiné ,1ong term Jjob

threats on the part of the workers.
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- Fipally we want to make two furthér assunmptions:

ASSUMPTION 5.

All agents are risk neutral.

This assumption 1s made in order - to concéqtrate the
attention ‘on the implications of the informational
incompleteness without mixing these with issues of risk

sharing. e
) 'ION 6.

_ -The revenue function 6f the firm (F) is homgggnéous of
. T 7 .
‘degree g, 0{g¢l, with the usual properties of gtrict quasi
concavity. T '
" Formally, if
‘r, 1s the unit cost of'capitﬁl K.
'w, is the wage rate of labour L.

k=K/L, is the capital-labour ratio.

FP(K,L) = £f(k,L), is the revenue function of the firm;
* we can define

nlk,w,r) ='Mix L £(k,L) - rkL - wL1]

and let L = L(k,w.r) achieve that maximum.
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)

Now, with the objective of findiné- kir), wi(r) and
implicitly L(f) and w(k), an optimal contract solves:
- Max  Z=a.r (kl,wl,rl)+(1-a}). v (k2,w2,r2)
kyrkyowyswy
Subject to the incentive constraints:
7y = (kl,wl, r1)2T = (k2,w2,rl)
Moo= (k2,w2,r2)27, =(kl,wl,r2)
and the utility constraint: |

(1-q)Ca.wl+(l-a)w2] + q.R 2 U,

where q is the probability of @ "guit"” and 3,'is the
_ , )

‘worker's income after "quiting". - /

L]
1

Note that assumptiqn 3 makes the workers indifferegt to
q for pufposés of contract bargaining. Equivalently one
‘could bonsider é.R to be an exoéenous-constant. The utility
constraint can, therefore, be simplified to:
a.wl+(l-a)w2z =z 0, Whefe

0={U~-q.R}/(1-q).

To see the intuitiqn behind the.relevance of the 1I-C
- constraints suppose that, in the absence of those
constraints,

L2-L(kZ2,w2,r2) > Ll=Li{kl,wl,rl)

Because the workers are risk-neutral increasing wl and
reducinq'_wz in such a way that expected utility is left
unchanged would be a Pareto movement since the firm could

gain. In fact it would pay to the firm to twist the wage
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schedule {(wl,w2) to make wl "very high" .-and w2 "very low”
but, fhen, it would also pay the firm-to cheat by chéosing
_the capital - 1labour ratio corresponding to the high
employment state 1irrespective of the actual price of
- capital. Ex- post utility would always fall short of
expected utility. - The . argument, here, applies "mutatis

mutandis" to the case where L1 ) L2 to start with.
We can nbw establish:
 RESULT 1.

Under assumptions 1 ‘to 6, when output prices are
s "

fconstant; an optimum contract has: /
T wlA ) w2k
klx > k2% ’ >

L1* < L2%
Procf: see the appendix.

This result does explain our stylized fact. It should

be said that the crux of the proof lies in showing that it
is the I-C constraint '

C Rlle n0ad,wl,rl) 2 nl2=-T(K2,w2,rl)
that binds.

Intuitively what is happening is that in the good state
the firm would 1like to seize the opportunity to increase
production and can do it in two ways. Ope could be simply
to increase employment without. an} capital deepening

(thereby concealing that state one occured) and paying w2.'
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The workefs need to make the wages to increase in state one
in order not to let the firm to overemploy in - that state.
Now, 1if employment cannot increase, fhe other way for the
"firm to increase production is -through. capital deepening
- with the consequence of revealing that the good state has
occured. The precise way to bring about this truthful
revelation involves an increase in wages and a decrease in

employnment.

It is particularly interesting to note that this truth

- telling mechanism involves the workers somehow "taxing” the

-~

Ve
7

firm’s investments in new technologies:
w=w(k) with w’(k)>0. /

. Con b
One subsidiary result of the analysis above 1is that

output should be higher in state one than in state two. The
. fact fhat output is noE constant suggests the extension of
the analysilis to consider explicitly a negatively sloped
demand curve for the firm's output. To keep matters as
simple as possible we will now assume that the firm is a
moncpolist in the market for its output and that the. price
elasticity of demand ié greater or equal to one, as required
for a profit maximizing mondpolist.. Formally:

ASSUMPTION 6. ’

The firmn’s revenue functiomn is

F(R,L) = £(k,1) = [h(k,1)]¢1"®)
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where b=- 1l/e and e, e { -1, is the price elasticity of

demand.
Note that b is positive and smaller than one.
RESULT 2.

Under assumptions l‘to 5 plus 6° an optimum contract
.has " -
- wlk D WZ*‘
K1k > k24
L1x < L2%&

Proof : L . /

The proof is similar to that of result one.[1)

Taken togefher as limiting cases, results 1 and 2 show
that our ' explanation of the mentioned "stylized fact" is
robust with respect to the market structure for the firm’'s

output.

In the next section we will turn our attention to
bargaining models as an alternative explanation for our

"stylized fact”.

. — o ——————n . -t

. E£1] The mathematical conditions for this result are
less stringent than before. While with fixed output prices
imposing decreasing returns to scale 1in . the revenue is
equivalent to imposing them in production with an elastic
demand all that is required for the production function is
that : :

' 1 (g <1/ (1-b)
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3.A BARGAINING MODEL

Apparently, an alternaﬁive explanation for our
“stylized fact" 1is that it is the outcome of a bargaining
game being played by an union and a firm about the sharing
of the rents assoclated with the introduction of the new

technology.

This section only pretends to be suggestive of the
contribution of. bargaining modéls for the explénétion of
‘that styiized fact. 1In fact thé comparison wiil not -be
entirely fair for the bargaining models for two main
reasons. The first 1is that, ‘due to the relatives i1l
development of bargaining theories undér asymmetrical
information, we will resort to the analysis of models with
common infqrmation. The second reason results from the
inexistence of a generally accepted concept df bargaining
solution so thét we shall take to analyse a particular one.
However it is thought 'that the analysis D»elow will be
. suggestive of the likely range of outcomes under this type

of model.

Given these considerations anq for the sake of clarity
we shall keep the analysis as siméle as possible. The
solution concept . we will adopt 1is the Nash one (23,
generalized to non- symmetric bargaining powers. We shall

be able, then, to see the influence of changes in those
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bargaining powers on the results of the model.

-

Formally, for some B, 0 ¢ B ¢ 1, where B measures the
firm’s bargéining power, the qenerélized Nash bargaining

~ solution solves the program

Max 2 = [5(k,w,2)-718.10(w,L(k,w,r))-0] ¢ "B

k,w

where U(w,L) is the union's objective function and @ , 0 are

" the firm’'s and the union’s respective threat points.

-

o s
\ The ‘aim of the exercise, here, is to find how the

solutions w (r), k (;XH and - implicitly L (r) vary with r.

All variables are as previously defined., - .
We start the analysis with a special case where

ASSUMPTION 7.

~ The union’s objective function is

U{w,L)Y=w

The idea is to consider that the union’s objectivé

function 1is independent of L. This is similar to what was

—— o ket e n -

£2]1 The Nash bargaining solution has the advantage of
lying on the contract curve and satisfying a set of axioms

that however arbitrary may be 1interpreted as a set of .-

reasonable arbitration rules.. For a discussion of the
properties of this bargaining solution in conection with
economic modelling see, e.g., Binmore et al. (1985).
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4

along .the lines already wused for tﬁe motivation of
assumptiﬁns 3‘ and 4 in section two. Another possible
motivation results from the modern theories of unions as
economic clubs where, e.g., the union menbers are fhe _more
- "senior" workers whose empldyment status is.nbt at risk
because layoffs are made. ac&ording to' a LIFO rule; see

Oswald (1985).

It must be noted that in this case, instead of being
subjected to negotiation, the capital- 1labour ratio is
'freély chosen by the firm. The reason 1is simply Dbecause

there is no conflict of interest between firm/aﬁd union
/ -

£

‘either about K or about L. /

. N
In order to obtain_the bargaining solution one needs to

specify a- functional form for the firm’s revenue function.
+To keep the exefcise as simple as possible we restrict our
attention to the constant price case and to a sub- class of
homogeneous production functions, namely'the Cobb- Douglas

functional form. Formally we make:

ASSUMPTION &' .

The firm's revenue function is

: b
F(K,I) = c.K°L with a,b>0 and y=a+b (1.

HWe can now derive:
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RESULT 3.1 .

If 6’ and 7, when r decreases
. B L.
i) w increases

B _
i1} k increases

111) T° increases  iff  b/(l-g) > (1-B)/B
_Proof: see the appendix.

Fof the'symﬁetric bérqaining powers case, where B=1/2,
condition iii)_-can he ;ead as meaning iff the share of
‘1abour is larger than the share of the fixed facgofé. Note
that hgre capital. is:_a\ variable factor sincé it is only
after bargaining that fthe firm  chooses  the total %nput

levels and the intensity.

The crucial point to note, hére, is that result 3.1
shares with the contractual model a wage schedule making
wages an increasing function of the capital- .labour ratio
but‘ one also finds that employment may actually increase in

the good state. This last aspect is the one that 1is clearly

- at odds with the stylized fact addressed by the model.

Thé next question fo ask is how sensitive is result 3.1
to the distribution of bargaining powers hetween the agents.
In fact it is found that condition 1ii) is reinforced if the
firm’'s bargaining strenght increases, as B tends to one. 1In
the limit when B=1 we get the competitive solution with w=w

and L increases since K and L are complementary factors in
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production (F1250).

The intuition behind the behaviour of L across states
.is simple. The workers.do not care about total employment
but the firm does and as long as ita objectives ‘are given
any welght, a Pareto optiral solution will be sensitive to

those objectives.

However, towards the case of complete union power, as B
tends te 0, it i; clear from the maximand funqtion itself
that thé wages will tend to infinity.- This suggests that
the assumption -that naturai wastage can accomo@ate.any )
‘possible.decline in empioyment should bhe droppedfgﬁﬁ L ocught

f

"to be included as an arqumsnt_of Ul.y.

To incorporate this aspect and keep matters as simple

. as possible we make:
. ASSUMPTION 7°.

The union has an utilitarian cbjective function
Ulw,L) = L.U(wW) + (N-L).G(w) ’
where w is some outside opportunity value and N is the size

of the union.

We can now derive: - : ' <y
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RESULT §+2
1f BéO{ 6" and 7', when r decreases
iy w® stays unchanged
_ii)_k° increases
1ii) L° increases
Proof: see the appendik.

Thé other polar case represented by_this last result is
evén further aw&y from thg eiplanation of our stylized fact
‘than result 3.1.. Particularly interesting to nqpé’ is the
'COnstangy of wages agrogs .states (or the faét that w is
independent of r). This results from, 1in this modelE an
isoqustic shift in labour demand induced by the change in

ir.

In this sdrt of models the f.o.c. for enmployment and
wage determination require the equality of Ehe elasticities
of labour demand gnd utility change with respect to wages.
Now, the isoelastic " shift of labour demand means that the
change in r induces a shift in labour demand such that the
wage elasticity of this‘function is const?nt for every wage

and consequently independent of r. Sée McDonald and

Solow{1l981) for a formal discusgion_of this point.
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Combining the implications of results 3.1 and 3.2 our
interprefatioﬁ is tﬁat the bargaining model does not offer
an explanation for the stylized fact that motivated this
paper. This is so, bYbecause, in general, as r décreases,
- wages and the capital-labour rdtio increase but employment

also increases .
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4. CONCLUSIONS

In this paper we offered a theoretical explanation for
the "stylized fact" that firms, when engaged in processes of
technological innovation, do increase the wages and the

capital intensity of production while decreasing employment.

Starting with an approach based  on theories of
; idibsyncratic éxchanqe, ' némely optimal contracts and
barqaininq, we could deri?e results suggesting /tﬁat the
‘first of these does offer a consistent and/reasonaﬁly
general ‘explanation while 'the later does not. 1In this
' reépgéf' the barqaininq_modei while showing a wage scheédule
with ‘the desired properties predicts an increase in
employment that is at odds with the stylized fact it wants

to explain.

- To develop the contractual model we made .a set of
unconventional assumptions which we think are reflective of
the real world. One of these is the form taken by the
technological progress. The specificity of this assumption
leaves én agenda for future research to se» how robust are
. our conclusions to the fofm taken by the technological

Progress.
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. APPENDIX

1) Contractual model: proof of result 1.
f(k,L) £ h(L)g(k)

change in r, such that ry < r,

Maxm = u[h(L1)g(k1)—r1k1

L1HW1L1]+(1-u)[h(Lz)g(kz)—tzksz—szZ]
k,L,w _ : .

"
=

s. a uw1+(1—u)w2

ilzh(L)g(kz)—rIk

h(Li)g(kl)—r1k1L1—w1 gL=v,L (*)
. : .- // : .
£=a[h(L1)g(k1)-r1k1p1-w1L1]+(1-a)[h(Lz)g(kz}-rzksz-w2L2]+_
. +3[aw1+(1~a)w2—u]+g{[h(Li)g(k1)—r1k1L1-w1L1}—
~Ih(L)g (k)= k,L-v,L]}
9L _ (a+u) {f,(k L-);f k,-w.} =0 (1)
3L1 2 171 11 1
E {1-a) [£.¢(k,.,L)-r. .k =~w,] = O . '(2)
BLZ 2 272 272 2
&L [fz(kz,;)—rtszwzl. =0 : (3)
L - .
1

AL _ -'- . .
5;1= -a L, + xa - uL, = Q . (4)
2f | L (5)
3;2= ~-(1-a) L, + A (1-2) + L =0 \ .

3% e+ w) [E.(K,,L) - r,L,0=0 . (6)
k o 1 1* 17t ’
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@
)

R P e L T AT L A R
3L . o L7 Low.L '
T Bk L) -f(k,,L)-[r %k L +vw,L -1 k L-w,L] =0 (8)
%% = uﬁ.+(1—a)w U =0 | , (9)

1. 2

From expressions (6) and (1), one can note that in state one,

the first-best solution, k1=k? and L1=L? may oceur.

Expressions (2) and (3) imply, respectively:

fz(kz;Lz) = rék2+w2 : .

-
e
ra

and since, by assumption, £y < 1,, the two expressions above imply:

fz(kz,L) = r1k2fw2

1

1
L1

.

£,(ky,L,) > £,(k,,L) "so,

2.0
=

2 < - T22

This last condition is particularly interesting in the case

of homogeneous (and homotetic) revenue functions because it can
- be interpret as stating that the firm would like {(and would do it

if allowed) to "overemploy" in state one, where its revenue is

subjected to decreasing returns to scale,

'This one is, in fact, the most interesting situation because
it includes the situations of decreasing returns to scale in re-
venue (DRSR) both by technological reasons (due to the production
function) and those brought about by a combination of a finitely

_ elastic demand and comstant or even increasing returns to scale

in the technology.

It should also be noted thaE'in the case of constant returns
to scale in the revenue {(CRSR), 1.=L2 and employment is constant.
In this particular case, the firm has no incentive to "cheat"” in
this dimension and, again, the firsf-best solution may occur; see

equations (?), (3) and (7).
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LS

In the following we will_concentrﬁte the attention in the case
99 < ¢, DRSR, when L > L2

"problems in state 1 and the relevant I-C constraint is LD -1 LEPY)

where f . This shows the existence of I-C
the profit of revealing that state two occured when the true state

is state one, doesn't pay.

From (4) and (5) one can see that:

8 (1-0) (L,-L,)

- (1-a)L1}u£

and since u 2 0,'we obtain L > Lz > Lt' -
The relationship between the k's, across states, can now be
checked. Substituting (1) and (3), into (8) we hqvé.

. .. - o s
: !

_[f(kl,yi)—fskz,L)] -J[}ifz(k1,L1) - Lf,(k,,L)] = 0
or'

£(k,,L,) - Llfz(ki,LJ) = f(szL) - pfz‘kz,Ll | I (8")
Define

- f(k,p)'-_sz(k;L) as” A(k,L)

‘Then,

_A1(k,F) = £, - L., - N (a)

Az(k,L) = -Lf (b)

22

where b > 0, results from the previous assumption that £, < 0.

A'sufficient, but not necessary, condition for f22 < 0 is that

and F (derivatives of the original revenue function) are both

P12 11
negative. This is the case for an homogeneous revenue function with a
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degree of'homogéneity smaller than one.

~In this case A(k1,L1) = a(kz,L) implies k, > k, because L.> L, .

Consider, now, a particular case of the revenue function:

) f(k,L)_= LY . g(k), where y is the degree of homogeneity.

In this case fz(k,L)‘- YL_1f(k,L) or sz(k,L) = yf(k,L) so
that (8') can be written as )

-

(1—Y)f(k1,L1) 5 (1-v)£(k,,L)

This shows that the I-C constrains the firm in such a way that
its revenue in the "bad" state do not exceed that of the "good"

: state;

The question to analise next consists in asking which wage
structure should the contract incorporate to verjf? the I-C cons-

traint., To seé this: : ' . /{

Sgggose P 2 LR .r_ \
(8), then, implies: .. o . ) :

--f(k1,L1) + r kL, f‘w‘L1 Z-ff(kz.L) + rlkZF + w L

and define T(k,L) = r1kL + w,L - f(k,L) to answer the question:

. - How does T(k,L) changes with the move from (k1,L1) to (kz,L)?
~ We can define k(L), implicitly, from A(k,L) = E, a constant

and d A¢(k,L) = O, implies:

.‘fl-L£12)dk-Lf22dL = 0 so0 that

k'(L) =
~ Now,

| ' '
-Ef T[k(L),L] =
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| Lf,,
- r]k..'. w1 — fz(k:L) + [riL - f‘l(k'L)] fI-Lfiz =
| | o
T EiE,, LTk v vy o BRI LR R, g )

To answer the previous question one needs to know the sign of

the expression above in the point (k L1). Using the first-order

1’
conditions (1) and-.(6) it can be shown that that derivative is ze-

ro in that point and we need to look at’ the second derivative.

Remembering the particularization of the revenue function of

the firm: .
Y
f(k,L)Y = L".g(k)

from which one gets £, = LYg'(k);f2 - YLY*1g(k) and
. - ' /
R 4:49.9, _ e
g'?kjL , We can wrilte . ‘

[
1

- _ _ . ' k .
AN TR ER AL SR S I

dL 1 1

r,vg(k)
- = r1k + W1_—- _W

a2t ., r173'2(k)k"g"(k)k'r1Yg(k)
=Y "—2= rlk - '2
dL . g" (k)
e vkt gt PR —g" () g (k) ]
= r1k' - .
: g' (k)
'2 - r
- r k'(1-y-8 (k)—gz(k)g(k))
1 gt (k)

"(k)g(k))

= r,k'{1-y+XB
1 g'z(k)
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The sign of the expression A depends on the sign of the ex-

pression within brackets because r1k'h< 0.

In fact, A > 0 iff (f-—Y+ “(k; (k)) < Oa
_ ’ g' (k)

or iff (y-1) >y §:—g‘—-2)i(ﬂ '. (B).
) 8' (k) .

What does the condition B mean? This expression is the qoﬁdi

~tion of ‘strict cOnvéxity of the isoquants of fhe.production func-

tion what'can be see differentiating in order to k (because, for

an homogeneous production function, the marginal rate of substitu

tion can.be_written in terms of the factor ratio) the slope of

those isoquants. .Starting from the original prodyction function::
I

F(K,1) = L7 (%)

F, = LY“1_.g'(k)

K
Fpo= LT g0 - kYT g () - LT vg (k) - kgt ()]
. L g (k)
and ¥; =Y _ETTET -k and so
F 2 |
a L 'Tk)-g" (k) g (k) ’
() = y & L.
. | ok F g'z(k)
MO LIS TTES P
: g' (k)
‘ ey -y EE0)
' _ g' (k)
from which 2 LY > 0 imoli | )
rom which 3% FE > ilmplies

| '(7-1)_> y 82008 C) Lo (B).'_

g (l_:)‘
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¥

This result contradicts the assumption that v, 2 wi, requiring

A < 0;.thereby ptooving Result 1.

'B) Bargaining Model

For a Cobb-Douglas technblogy, with fixed output price, the

profit equation can be written as

aLb

mT = cK - rK - wlL

and the corresponding demand functions for capital and labour

. 1 b-1
-, b a,1-a~-b, r ,1-2a-b “
K = a(S X
.a(w b a™) (=) e

. y
L b(cbbaaj1—a-b | _

w(wgrh) : B s

where g = T:E:E and h = 1—:—b

implying k = %_

One can, then, write the profit function as:

1

_ W . S, - —a-
W= - ' with ¥ = (?—a-b)(Cbbaa)1 a-b

1

B1) Proof of result 3.1

The Nash bargaining solution sclves

Max Z = [ ;rh - F]é[w—ﬁ](i_B)

W



33

i) Results immediately from the nature of the Nash bargaining
solution.consisting in a share of rents such that © > T and w > w.
The wage has to increase because after the introduction of the new

‘technology, decreasing r originates the sharing of a bigger price.

-1i) Results from the expression for k that increases because

‘'of the decrease in r and because of the increase in w.

iii) To prove this aspeét of the result it is necessary to
look at the wages resulting from the game above.
Writing the game, equivalently, as:  °

Mgx Z's B log (:él_;ﬁ- " + (1-B) log (w~#) and

3w T - * |
- (_g-'ﬁ)- L) w-w ; o . .- . .
o wor - _ _ N o rFa
1 J/
S

and substituting this expression in that for L, that can be written

in thé fqrm_ o . .
_ o ' | .
v wgrh ' .

'one getéf
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and now:

- B - 1-B)Bgw .
™ ‘[[1- T-:-gi {1~ —‘-‘:-)]— W '(——'"B—"‘g"_z}
3L . [(1-B)w]
Eri =
2 Bg W .2
W_[_'l_- ﬁ(1 w}.
: 3L . Bg ,, W By .
f which & - 28 gl My L __EW
rom which w7 0 iff 1 - HO- ) - Gl <0
s Bg i-B
That:-is 1 - =F < 0 , 0or 8 >3 » Q.E.D.
B2) Proof of Result 3.2 ] B
If B = 0, the union fixes k and the firm chooses L to maxi-
mize the profits: -
. _— _,/
mo=ck?? - r kL - WL
2a=bek ek -we=o .

3L .
- a . 1 -
b ¢ k 11-b

L =1 rk+w

The problem of the union consists, then, in choosing w and

k in such a way as to:

1

b e ka 1-b - _
E?E H = {“;E:;—] [U(w) - Ulw)]
- bek®™' rboe k® | K .
3% B - = kc - 5 = 0 , that is:
rk+w (rkaw) :
ka-l : -
————7[(rk + w) abc -rbck]=0

(rk+w)



krbe(l-a) =wabec " 4, from where
:  aw ' : : S
k f o Py ; __gnd, ) _ .
| e -
3 gt b e kT T b c k* :
s .a -_1_b[ feTw 1 L (_. rkw _—) {u( )} - U(w)] +
. - 1 .
- . .a 15
+ U0 "rL‘; 1 =0 )
RE
b ¢ 2 1P 1 - .
el - 35 et - v + T} =0

33

u ) U - . '. ! _. . - . )
.u (w) = Ti(:) (rl(::)ﬁ and, substituting in th'is__the ¢_;cp’reséibn for k:
Ur(w) = U - UG uw) - U@ - .

(1 :TL . w) (1-b) w : :

{-a -

(1-a) [U(w) « 0(§)]

'Uf(w? ST (1-biw

=BV (W) _ 1=a .o . o
Ulwy-U{wy = ~w - ¥hich shows that w is independent of t.

- The steps of the proof show that when r deareases:

o .
w 18 constant

0 L ’
'k~ increases

1° increases

Q.E.D.

(*) Thil £ot-a11:atxon of the ancntzve-canpat1b111ty constraint (I-C), through.

| th-t sm <con traini

.- utiﬁchl vu-hble L, results from. the necessity
) . g ias Mﬂ k ﬂn ﬂum of
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