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ABSTRACT

Thie paper studies a worker's and a firm's choice between a nominal and an indexed
wage in a labor contract. It shows that the expected inflation does not influence
the choice, but that the more uncertain the inflation, the more risk averse the
worker, the more concave the produétion funection, and the more imperfect the worker's
accece to the capital market, the more likely they are to choose an indexed wage;

on the other hand, the higher the cost of indexation, the more likely they are to

choose a nominal wage.




INTRODUCTION

Labor contracts often index the wage to the price level. The indexation may be
full or partial, and it may be combined with a predetermined change in the wage base
itself. The indexation serves as an important means of reducing the riskiness that an
uncertain inflation causes in the real wage within the contract period, and it may
therefore moderate the impact that an uncertain inflation would otherwise have on a
worker's consumption and on the number of hours he would work. Accordingly, indexation
of the wage may benefit a worker who is averse to risk; in addition, it may benefit.a
firm that produces under decreasing returns to labor. |

Of course, the pre-eminence of indexation for the purpose of moderating the
impact of -an uncertain inflation presupposes the absence of a riskless asset, or-at
least that the worker's access to a riskless asset is limited. If, namely, the worker
would have free access to a riskless asset; then he could moderate the impact of an
urcertain inflation by exchanging his risky earnings with the safe asset, and he would
not need the indexation of the wage for this purpose.

Full indexation of a constant base wage to the price level guarantees a constant

real wage within the contract period. However, a worker's concern is with the ricki-

ness of his consumption and employment,rather than with the variability of his real

wage. A worker may borrow and save, so the time profile of his consumption need not
follow the time profile of his real income. Therefore, even when inflation is the
only uncertainty, there is no guarantee that a constant real wage reduces the riski-
ness of the worker's consumption and employment within the contract period.

A contract which combines full indexation wfth predetermined variations in the
base wage can, however, guarantee a reduction in the riskiness that an uncertain.
inflation causes in a worker's consumption and employment. The full indexation

provides a safe real wage at various points in time, while the predetermined

variations in the base wage provides a safe way of transferring real income through




time. Rather than having to borrow or lend nominal amounts in order to insure a preferrad
time profile of his consumption,.the worker can,in effect,borrow or lend real amounts

by contracting for suitable adjustments in the base wage. For instance, with full
indexation and a base wage which decreases over time, the worker can be considered as
first borrowing and later repaying a real amount to the firm.

A contract with predetermined variations in the degree of indexation — whether:
it has a constaﬁt or a varying base wage — can also guarantee a reduction in the riski-
ness that an uncertain inflation causes in a worker's consumption and employment.

For instance, if the worker early in the contract period borrows in order to consume
more than his real income at that time, then there is some degree of indexation of the
wages later in the contract period which can insure that the worker's income later in
the contract period will conéist of a real component to be used for consumption, and
a-nominal component to be used for.repaying the loan.

'On the other hand, also a contract without indexation of the wage can be
specified to reduce the riskiness that an uncertain inflation causes in a worker's
consumption and employment. For instance, the worker could stabf]ize his consumption
by working more hours, the higher the price level turns out to be. At the same time
he would, of course, destabilize the number of hours he would work,lj but he may stiil

prefer this to the greater variation in his consumption. It is also possible that

the worker would prefer to work less hours, the higher the price level turns out to

be; this would be the case if the increase in leisure would more than compensate him
for the decrease in consumption. The general point is that without indexation, the
working hours should not be fixed independently ‘of the realized real wage. Working
hours that are contingent on the realized real wage way help to reduce the overall
impact of the uncertain inflation.

Furthermore, in a contract without indexation,predetermined variations in the
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nominal wage may also help reducing the riskiness of a worker's consumption and
emp]oymenf. For instance, the higher the nominal wage and the lower the savings firom
the earlier part of the contract period are at a particular time, the less variation
in the working hours is needed to stabilize the worker's consumption.

An indexed contract, i.e., a contract with an indexed wage, is capable of
eliminating the riskiness that an uncertain inflation causes in the worker's con-
sumption and employment, if the predetermined changes in the base wage or in the degree
of indexation  may be as frequent as one may want. On the other hand, a nominal
contract, i.e., a contract with a nominal wage, can reduce, but never eliminate the
riskiness in the worker's consumption and employment. At the same time ., the pre-
sumption is that indexation of the waée involves a cost. The cost is the administra-
tive expense incurred in order to index the wage, and it may also include the greater
difficulty in negqtiating and administrating an indexed rather than a nominal contract.
The benefit to the worker and the firm from eliminating the riskiness of the worker's
consumption and employment must therefore be weighted against the cost of indexing
thé wage in order to decide whether an indexed or a nominal contract should be pre-
ferred.

A model to illustrate this choice between an indexed and a nominal contract

will be presented below. The labor contract covers two intervals, and there is

uncertainty only with respect to the price level in the second interval. The worker

and the firm must therefore decide if they want to index the wage in the second
interval. They choose a contract such that there is no other contract they would
both prefer. It is assumed that the worker and the firm will fu]fi]l their obliga-
tions in the labor contract.

Thé paper is related.to Azariadis [1978], in which workers and firms by joint

maximization determine the degree of indexation and the employment within a labor

contract. It is also related to Danziger [1979], in which the number of times the




wagé should be indexed within a contract period is determined by joint maximization.

Various authors, e.g., Gray [1976, 1978], Cukierman and Razin [1976], Fischer

[1977], and also Azariadis [1978] have studied the different effects that indexed and
nominal contracts have on macroeconomic fluctuations. However, unless bargaining is
centralized, workers and firms are not concerned with the feedback on macroeconomic
variables that the combination of labor contracts might have. Accordingly, the choice
between an indexed and a nominal contract is not based on the patterns of macroeconomic
fluctuations that would follow if all contracts were of one type or .another, but on

microeconomic considerations of the type presented in this paper.




THE MODEL

A labor contract between a worker and a firm comprises two intervals. The
price level in the first interval is unity, while the price level in the second inter-
val, denoted by p, is uncertain. p 1is equally 1ikely to become (1+u)(1+e)‘ and
(1+u)(1-6), where > -1 and 0 <6 < 1. u_ 1is the expected inflation, and the
higheé 6, the riskier is the inflation.

The worker and the firm can choose either a nominal or an indexed contract. A
nominal contract determines a nominal wage and working hours for each of the intervals.
A nominal contract need not fix the working hours for the second interval, but only
specify how they will depend on p. The working hours in the second interval can
therefore be used td reduce the impact of the riskiness of - p on the worker's con-.
sumption in the second interval. An indexed contract determines a.nominal (= real)

wage and working hours for the first interval, and it determines a base wage, a degree

of indexation, and working hours for the second interval. The working hours for the

second interval can be fixed, since the worker and the firmm can contract to avoid any
riskiness of the worker's consumption in the second interval. |

The capital market has no safe asset, and all borrowing and lending are in
nominal amounts. The firm has perfect access to the capital market in which the
expected real interest is r. The worker may have only imperfect access to the capital
market. He borrows at the same.or a higher expected real interest,and he lends at
the same -or a lower expected real interest than the firm. The expected real interest
for th¢ worker is "’ for borrowing r > r and for lending r < r. Because of
inflation, the expected real value of $‘1 in the second interval is

1 1 1 _ 1 . .
2[(1+u)(1+6)+ (1+u)(1-6)J = TR (160) - So taking the change in the expected real




value of a nominal amount into account, $ 1 borrowed or lent by the firm in the first
interval must be repaid with $ (1+r)(1%u)(1-62) in the second interval, and § 1
borrowed or lent by the worker in the first interval must be repaid with |
$ (1+rw)(1+p)(1-92) in the second interval.

The worker has a von-Neuman-Morgenstern utility function U[cl, 12 s 2],
where c¢; >0 and 0 <h; <h . are the consumption and the hours worked in the

i'th interval, and h is the number of hours the worker has to his disposal.

max
The utility increases in consumption and decreases in hours worked. The worker is
averse to risk in the consumption and the hours worked in the second interval in the

sense that for any o« and B8, not both zero, and any vy, 0 <y < 1,

O

o B B8 |
'YU[Cls hls C2 + 'Y"s h2 + —Y—] + (1‘Y)U[C19 hl’ Cz - '1‘_"Y": h2 - ﬁ] < U[Cl’ hl’ CZ’ hz]-

The worker uses all the income from the Tabor contract within the contract
period. Howeyer, his consumption in an interval need not equal the real payment he
receives‘from the firm in the same interval, since he may transfer income between the
intervals. | |

The firm is risk neutral and is only concerned with its expected (discounted)
real profit. The production function in the i'th interval is fi(hi)‘ The
production in an interval increases with the hours worked in the interval, and there
are non-increasing returns to scale. Let q denote the real value of a unit of the
product. The real value of the production in the i‘th interval becomes. qfi(hi)‘

To write out the worker's expected utility from a nominal contract, let
W, > 0 denote the nominal wage in the i'th interval. With the consumption Cq

“in the first interval, the worker saves $ (w 1 1 1), which becomes

$ (w Wy l—c )(1+r )(1+u)(1-62) in the second interval. The firm pays(him w2h2(w2/p)

for. the hz(wz/p) hours he works in the second interval. The hours worked are




written as hz(wz/p) to emphasize that they are contingent on the real wage in the
second interval. The nominal amount available in the second interval is w2h2(w2/p)
+ (wlhl-cl)(1+rw)(1+u)(1-62), and the ensuing consumption in the second interval is

therefore the risky c, = (w2h2(w2/p) + (Wlhl—cl)(1+rw)(1+”)(1'82))%“ The expected
utility from the nominal contract is

L5 Ueqs hys (phy(uy/p) + (wyhy-cy) (14, ) (140) (1-62 )3,y (wy/p)].

z
P

The corresponding expected real profit is

4 woh, (w,/p)
afy(hy) = wphy + ﬂ%’?fﬁ (afnylony/p)) - 22

A nominal contract in which the worker's expected utility cannot be increased without
decreasing the firm's expected real profit is called a best nominal contract.

With an indexed contract, the worker's consumption in the second interval can
be made safe. Any desired combination of the worker's consumption and employment in
the two intervals can be obtained. For instance, besides determining the desired
employment in the two intervals, the contract can determine a wage for the first
interval and a base wage with full indexation for the second interval, such that the
desired consumption in each interval is equal to the real payment the worker receives
in the same interval. Alternatively, if the worker has perfect access to the capital
market, besides determining the desired employment in the two intervals, the contract
may determine a wage for the first interval and a base wage with a degree of indexa-
tion for the second interval, such that. the worker by borrowing or saving to obtain
the desired consumption in the first interval will also obtain the desired consump-
tion in the second interval. Consequently, if the worker chooses a Cq which

makes Cy safe, his expected utility from the indexed contract is simply

U[Cl’ hl’ Cos h2]‘




Indexation of the second-interval wage to p costs the firm the real amount
a > 0. The fimm's corresponding maximal expected real profit, which requires that the

worker does not frequent the capital market when ' # r, is therefore

1
qfl(hl) -t Ty (_qu(hz) -a - c2).

An indexed contract in which the worker's expected utility cannot be increased
without decreasing the firm's expected real profit is called a best indexed contract.
Clearly, in a best 1ndexed contract the choice of ¢ will make Co safe.

The worker and the firm will choose a nominal or an indexed contract which is
such that there is nd other nominal or idexed contract which they both prefer. The
chosen contract will either be a best nominal or a best indexed contract. In order to
determine the exact contract that will be chosen, it is necessary to specify‘a rule
for the relation between the worker's expected utility and the firm's expected real
profit for a]ternative values of the various parameters. However, the purpose of the
present model is only to determine the effects of changes in the parameters on the
type of contract that will be chosen, so it is sufficient with a very general rule
about the relation between the worker's expected utility and the firm's expected real
profit.

' Consider two contracts which stem from different values of the parameters and
are both best nominal or best indexed contracts. The rule is that the real amount
the worker with the first contract should be given in the second interval in order to
be indifferent between the two contracts does not have the opposite sign of the
excess of the firm's expected real profit in the second contract over the first
contract.g/ In other words, a change in a parameter will either benefit both the

worker and the firm, be harmfull to both the worker and the firm, or not affect at

least one of them.




CHANGES IN THE PARAMETERS

This section determines how a change in a parameter would affect the relative
attractiveness of the best nominal and the best indexed contracts, and consequently,
how it would affect which type of contract that will be chosen.

The Expected Inflation. If the contract is nominal and w is changed, then one can

W, Wohy (W, /p)
always change Wy such that the distribution of - and thus of ————E——h-*, is

1ty
p
Since u does not affect the real interest, it follows that u does not affect the

unchanged. The distribution of is of course not changed by a change in wu.
expected utility and the expected real profit that are obtained from the
best nominal contracts. Likewise, u does not affect the worker's utility and the
firm's expected real profit that are obtained from the best indexed contracts.
Consequently, the magnitude of the expected inflation does not affect the type of the
chosen contract.

The Uncertainty of Inflation. Consider a nominal contract. If p = (1+u)(1+6), let

h; and y+ denote the employment and the firm's real payment to the worker in the

second interval. In Figure 1, h; and y+ are found on the line segment

+
Wo b ‘
y+ = TT:G%T%:gy , 0 g_hz f-hmax‘ The expected real value in the second interval of

the worker's savings is S = (wlhl-cl)(1+rw), so when p = (1+u)(1+8), the real value

e cayi o S(1+u)(1-02) _
of the worker's savings 1is (TR (Fe) - S(1-9).

For the consumption to be non-

+
wzh

1+u) (1-8%)

2 s pt s o S
negative it is therefore necessary that ryrwey * S(1-8) > 0 <=> h, > W,
If S < 0, then this constraint is not trivial. With cg denoting the consumption,
+

+ + . + Wohy
h, andA c, are therefore found on the Tine segment c¢, = vy S(1-8),

max{0, - < . In Figure 1 this Tine segment is drawn on the

assumption that S < 0.




W
22
= T (1Fe) + S(1-8)

Figure 1.




Likewise, if p = (1+u)(1-9), let hé and y  denote the employment and the

fim's real payment to the worker in the second interval. hé and y~ are found on
+
h

W
the line segment y = riia%(%fgy ‘ . The real value of the worker's

62)
-6)
_ S (1=02) -

w2‘ * 2

savings is Sg%iﬁggi

= S(1+6), and for the consumption to be non-negative, also hé

musf satisfy hé > and the consumption, denoted by ;cé, are there-

- W hv _n2
fore found on the line segment ¢, = 2 2 + S(1+e6), max{0, - S(1+u)(1-0 )} <

hy < hpaxe

+

With a given choice of w,, h;, and hé, A" " and A" are the two equally likely

combinations of employment and the firm's real payment to the worker in the second

+ -
h, + h
interval. The midpoint of ATAT s the expected employment, h = —217?—42, and the

+ -
firm's expected real payment to the worker, y = —-—%al—.

With also Wy hl’ and Cq chosen, S 1is determmined, and B+ and B~ are the
two equally likely combinations of employment and consumption in the second interval.
The midpoint of - B'B™ is the expected employment T and the expected consumption,

_ c; e,
cE———=y+ S.

Assume now that 6 increases, but that S, h, and y. are kept unchanged, and
that Wos h;, and hé are changed such that the new combinations of employment and
consumption in the second interval are found on the line b through B* and B".

The Appendix shows that this is practicable, that B" and B™ are unique, and that
the new combination of employment and consumption in the second interval are farther

3/

from (h, ¢), e.g., the combinations become B' and B instead of BT and B™.2

The worker is risk averse and therefore prefers B" and B” to B and §—54/




The firm's expected real payment to the workers is the same for B' and B as for
B* and B™, but the expected real value of the production is only the same if the
production function in the second interval exhibits constant returns to scale; if

f, exhibits decreasing returns to scale, then the expected real value of the pro-

2
duction is Tower in B® and B than in B" and B™. The firm's expected real
profit in B" and B does therefore not exceed its expected real profit in BY  and

B™, and B" and B~ are not better than BY and B~ for the firm.

The above argument is true for any initial B+ and B~. It follows that if o

increases, then at least the worker's expected utility or the firm's expected real
profit must decrease in a best nominal contract.E/ An increase in 6 always makes
the best nominal contracts less attractive,é/
Turning to the indexed contracts, a best indexed contract is specified such
that the riskiness of inflation does not affect the worker's utility and the firm's
expected real profit. Accordingly, the more anertain the inflation is, the more

Tikely it is that an indexed contract will be chosen.

The Cost of Indexation. The higher a is, the more expensive it is to insulate the

worker from the riskiness of inflation in an indexed contract. So, the higher a is,
the more likely it is that a nominal contract will be chosen.

In Figure 2 & 1is measured on the vertical axis and a on the horizontal
axis. The curve & shows the combinations of 6 and a for which the worker and
the firm are indifferent between the two types of contract. For a combination of #
and a above £, a nominal contract is preferred, and for a combination of & and
a below @2, an indexed contract is preferred. & originates from (0, 0) and is
increasing, since the higher 6 is, the higher must a be to make the worker and the
firm indifferent between the two types of contract. For any riskiness of the inflation,
there are small a's for which an indexed contract is preferred and large a's for

which a nominal contract is preferred.
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Risk Aversion. The more risk averse the worker 15,1/ the higher is the risk premium

he would pay to be insulated from the riskiness of the inflation. Consequently, the
more risk averse the worker is, the lower is &, and the more likely it is that an
indexed contract is chosen.

Decreasing Returns. The more concave f2 is, the larger is the loss of expected

production caused by the variations in h2 in a nominal contract. It follows that the

more concave f2 is, the Tower is 2, and the more 1ikely it is that an indexed

contract is chosen.

Imperfection of the Capital Market. In a best nominal contract the impact of the

uncertain inflation is reduced not only by h2 being contingent on w2/p, but also by
the wage being different in the two intervals. For instance, assume that there were
no imperfection in the worker's access to the capital market. For some nominal
contract and choice of Cys let B+ and B~ again be the combinations of employment
and consumption in the second interval when p = (1+4)(1+e8) and p = (1+u)(1-8).

If h; > h, then the higher Wy and the smaller Wy and therefore S are, the
smaller is the variation in h2 needed to obtain a particular reduction in the varia-
tion of Co- If h; < h, then it is the exactly oppositecgf So a nominal contract
with the same choice of Cys and a higher Wy and Tower Wy for h; > h, and Tower
W, and higher w; for h; < h, will have its ¥ and B™ closer to (h, C) on b.
Since this remains true as long as Wy > 0 for h; > h and Wy > 0 for h; < h, the

implication is that unless the employment is fixed in the second interval, i.e., uniess
+ -
2 = Ny

¢y > 0) or Wy = 0 (and S>0 if ¢, < 0).

h = h, the best nominal contracts will have either Wy = 0 (and S <0 if

However, if the worker's access to the capital market is imperfect, then he
borrows to a higher and lends to a lower expected real interest than the firm. It is

then less advantageous to.de1ay the wage payment and have the worker borrow for




consumption in the first interval, or to expedite the wage payment and have the worker

save for consumption in the second interval. The more imperfect the worker's access

to the capital market is, the less advantageous it is that the payment to the worker

in the first interval is anything different from his consumption in that interval.
The worker's access to the capital market may well be so imperfect that S = 0 even
when h; # I in a best nominal contract.

In a best indexed contract the worker will never have to frequent the capital
market, unless he can obtain as good conditions as the firm can obtain. The imper-
fection of the worker's access to the capital market is therefore of no consequence
for the attractiveness of the best indexed'contracis. It follows that unless hZ =h
in the best nominal contract, the more imperfect the worker's access to the capital
marketvis, the Tlower is &, and the more likely it is that the worker and the fimm

will choose an indexed contract.




CONCLUSION

This paper has studied a worker's and a firm's choice between a nominal and an
indexed labor contract. It has shown that fhe expected inflation does not influence
which type of contract will be chosen, but that the more uncertain the inflation, the
more risk averse the worker, the more concave the production function, and the more
imperfect the worker's access to the capital market, the more likely it is that the
worker and the firm will choose an indexed contract; on the other hand, the higher the
cost of indexation, the more Tikely it is that they will choose a nominal contract.

"It was assumed that a predetermined change in the nominal wage is costless.

If instead any adjustment of the wage — whether predetermined or not — is costly, then

the worker and the firm would have to choose between a nominal contract in which the
nominal wage is the same in the two intervals and an indexed contract. The best
nominal contracts would then be less attractive than the best nominal contracts
considered in this paper, and the choice of a nominal contract would therefore be less
Tikely. Furthermore, the worker's expected utility from the best nominal contracts
would no longer be independent of the expected inflation. This is because pre-
determined variations in the nominal wage can no longer be combined with the varia-
tions in the employment to reduce the overall riskiness of the worker's consumption
and employment. Consequently, a change in the expceted inflation would change the
attractiveness of the best nominal contracts, and it would therefore affect which
type of contract that the worker and the firm would choose.2/

In this paper, inflation has been the only source of uncertainty. A
desirable extension of the analysis would be to include the real price of the firm's
product as another source of uncertainty. If the real price of the firm's product

were uncertain, then it would not be beneficial for an indexed contract to fix the




employment in the second interval. The worker's consumption and employment would
therefore be uncertain even with the best indexed contracts. However, with the

additional source of uncertainty, a formal analysis of the choice between a nominal

and an indexed contract would be no simple matter, and it is outside the scope of

this paper.




APPENDIX

In a nominal contract the fim's average real payment to the worker in the

second interval is

Wy (h(1-6) + h3(1+6))

2
T-6)] ~ ~ 2(1+u)(1-67)

+
w2h2 W,
7 () (1+e)  (T+n)

h
(

Assuming that h; + hé > 0, this implies that

_ ) (-e?)
2 h(1-8) + hy(1+0)

. + - A - _ T +
Using that h2 + h2 = 2h <=> h, = 2h - hz,

= 2y(1+u)(1-62) _ y(I+u)(1-02)
2 h;(l—e) + (Zﬁlh;)(1+e) ﬁxl+e) - h;e

The nominal value in the second interval of the worker's savings is
+.
(wlhl—cl)(1+rw)(1+p)(l~62), 50 ¢y becomes
- +
¥(141) (1-62)h3
+

R(1+8) - hyo | y(1-0)h;
"2 (I+u)(1+e) " (1ve) - h;e

+ (Wlhl'cl)(1+rw)(1+U)(1'62)
+ S(1-6).

0f course, if h; = hy = 0, then c;,=_S(1-e).

B and B~ are the (h;, c;) and (hé, cé) which 1ie on b and yield the

expected employment h and the expected consumption c. On b, if W, would be
higher, then the expected consumption would higher than T¢; B and B~ are

therefore unique.

Assume now that h, ¥y, and S are given and that neither of BY and B~
lie on the axes, i.e., that hy >0, hy >0, c; >0, and c; > 0. The following

will then show that the bigger 6 1is, the farther away are B and B™ from (7, T).
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Consider first the case where h; = hé, i.e., when there is no variation in
employment; b 1is vertical. c; then reduces to (y+S)(1-e), which decreases in &.
So in this case it is immediate that the higher o 1is, the farther away are B
and B™ from (h, ¢).

Consider next the more complicated case where h; # hé, i.e., where there is
variation in employment. Let g denote the slope of b, and e the intersection of

b with the vertical axis. Using the above expression for CZ,

y(1-0)h;
R(1+e) - h;e

+ S(1-6) = e + ghz, and since (h, ¢) is alsoon b, y+S=c¢e+ gh.

Subtracting,

— +
Y(l'e)hz

h(1+6) - h‘ge

- ¥ - 65 = g(hy-F)

y(hy - B(1+6))
(R(1+6) - hie)(h-h)  h

(A1) <=> T

2
The direction of the effect of a change in & on h; on b is found to be
differentiating this with respect to o:

] | 9 +

'a%de + —%dh2 =0

ohy

Y(-R(R(1+6) - ho) - (h} - F(1+6))(F-h})) 'Id
. : - )
(R(1+6) - hye)®(h5-) ] FJ

] h

FURCe) - o)y = 1) - (np - W1sa)) (-2hge + B(129)) | o5 ],
(R(1+e) - h50)2(hy-M)° | GEH

yhy (hy-2)
(R(1+6) - h%o)®

- S|ds




(h2 + 2(1+0)R° - 2(1+0)h)
(h(1+e) - hze) (h -h)

To determine the sign of the coefficient to de, first use that

— +
yh
+>0<=> 2

(o
2 R(1+6) - hye

> =S:

yhi (hi-2m) Jhi(ni-2m) yh?
2\" S < 2\M2 . 2
(h(1+e) - h;’e)2 ('ﬁ'(1+e)-hJ2'e)2 h(1+e) - h;e

with the same sign as
2[h - 2h + h(1+8) - h e] ( Z h)(1-8).

Accordingly, if O i.hg < h, then the coefficient to do 1is negative. Next, use

o - Y(2h-hy)
that ¢ > 0 <=> - > -S:

2 h(1+e) - hZe

¥ (-2h) yhy (h-2h) y(2h-h3)
2\ PR AL . 2
(R(1+e) - hy6)° (R(1+e) - hy6)°  T(ls) - hy o

with the same sign as

+2

hs(hs-2R) + (R(1+0) - hje)(2R-h}) = (1+0)(hy +2R°

3h h)

Differentiating with respect to h2 shows that this reaches its minimum
‘ 2
value for ZhZ - 3h =0 <=> h; = %ﬁ: Since the value of h; + 2ﬁ2 - 3h;ﬁ is zero

for both h;

to de is negative. It has therefore been proved that the coefficient to de is

=T and hy = 2R, it follows that of W < hy < 2R, then the coefficient

negative for h; # h.

To determine the sign of the coefficient to dh;, one again for h; < h uses




-+
yhy

R(1+0) - h;je

that > =S:

2 2
y‘(h‘z‘ + 2(1+6)R2 - 2(1+0)hy h) y(h‘z‘ + 2(1+0)R° - 2(1+e)h*2F)

° (h(1+e) - h 6) 2 (h(1+6) - hZe)Z(hZJF)

-h)
(h(1+e) - h e) }

with the same sign as

2 2

5 2(1+6)R% - 2(1+0)hoh - hy(R(1+6) - hye)] = -Thy IR - 3hyhl(1+6).
2

Since this reaches its maximum value for h; = %ﬁ' and h; + 252 - ShZF =0 for

-[h

h; = h, the coefficient to dh; is negative for 0 E_h; <h. If h; >h one again

y(2h-hy)

uses that > =S

h(1+e) - h;e

2 2
yihy +2(1+e)R” - 2(1+e)hy 2, . o|(hy + 2(1+0)R% - 2(1+e)hiR

T R - e () (R(1+0) = hje)®(hy-F)

y2R-hY) |
(R (1+e) - hie) (h;-q’

with the same sign as

\2

hy + 2(1+6)R° - 2(1+0)hoh - (2R-h3)((1+6) - hye) = (1-8)hy (hp-F).

The coefficient to dh; is therefore positive from h < h, < 2h, and it has been

dh;< + < - +
established that T5 > 0 as h2 > h., It follows that for a higher o, h2 on b

+
2




will be farther away from h. So, also in the case where h; # hé, the higher 6, the

farther away will B® and B™ be from (F, C).

It was assumed in the above that neither B* nor B was at an axis. However,
abstracting from the non-negativity of employment and consumption, the derivations
show that if B* and B~ are different poihts and each could be any point except
(0, 0), then an increase in & would still cause B" and B~ to be farther away from
(h, ¢). So, if Bf and B~ would be different points, at least one of them at an
axis, but not at (0, 0), then the non-negativity of employment and consumption would

+

imply that an increase in 6 would bring B¥ and B~ out of existence. If B' and

B~ were identical, then it must be for h; = hé and c; = cé = 0. In this case a

change in & would not change B and B~. If B+ of B~ would be at (0, 0),

then h;»= CZ =0 or hé = cé = 0; also in this case a change in 6 would not change

B" and B,




For instance, the real income would be constant, if the working hours were
proportional to the price level.

Specification of the rule in this way — rather than directly on the differences
in the expected utilities and expected discounted real profits — permits an
examination of a change in the worker's risk aversion.

The exceptions are noted below.

Consider two lotteries. The first lottery has the mean B" and the outcome B

=+ _+ S
with probability %515:% and B~ with probability %E;E—%; the second lottery
B'B BB~

1878

—t
has the mean B~ and the outcome B® with probability l§—§:+ and B~ with

probability {E;E:%. If each lottery has the probability %— of being played,
B'B

then Bt and B~ are equally likely outcomes. For instance, the probability

+ . |B'BYl + |BTBT| _ IBYBT| + [BEY|
of B s — = —
2|B'B7| 2|B'B7|

= %n The risk-averse worker prefers

B to any Tottery with mean and prefers B~ to any lottery With mean B .
As a consequence, he prefers and B to B and B™.

There are two exceptions to the statement that a higher 6 implies a B* and
B~ farther from (h, ¢). The first exception is if BY or B were different
points, at least one of which were at an axis, but not at (0, 0). An increase
in 6 would then bring B and B~ out of existence. This exception does not
modify the conclusion in text. The second exception is if B* and B~ were
identical at the horizontal axis, or B* or B™ were (0, 0). An increase in

8 would then not move B+ and B7; the attractiveness of the best nominal




contracts would not be affected. However; this exception to the conclusion in
text is not very interesting, since it only comes about when c, = 0 1in at least
one state of nature.

Increasing W, without changing h; or hé increases the worker's expected
utility and decreases the firm's expected real profit. W, can therefore always
be changed to satisfy the rule for the relation between the worker's expected
utility and the firm's expected real profit. This also applies when the changes
in the other parameters are considered.

The utility function U' exhibits more risk aversion than the utility function

U if 'U' = ¢(U), ¢' >0 and ¢" < 0. This implies that the two-dimensional

risk- premiums (82"H2) and (35, ﬁé) are such that Eé < Eé, whenever

ﬁz =Aﬁ2. See Kihlstrom and Mirman [1974] and Paroush [1975].

The formal proof is similar to the proof that the higher o is, the farther

away are B" and B on b from (h, ). cys ¢, and h are unchanged, so

Wy and W, must change such that dy + dS = 0. In the case where h; = h2,
c; = (y+S)(1-9). c; would not be affected, so if the employment is fixed, a
change in Wy and W, would not change B* and B". In the case where

h; # hé, the direction of the effect of a change in w; and QZ on h; on b
is found by differentiating (Al) with respect to S:
2ds + 24y + 29 4n’ = 0
39S 5y +2
y ah2
hJZ’ - T(1+e)

= + + =

_(h(1+e)- hze)(hz-h)

<=>




+_
5 =

<=

F-h})(1-62
, (ha) e)ds+3ﬁ_(h

+ +
h(1+e) - hze sh,

-h)dh 0.

+
2
The coefficient to dS is positive for h; < h and negative for h; > h; the

Appendix showed that the opposite is true for the coefficient to dh,. Thus,

dnf

-=— > 0, and since £i-§—-> 0, it follows that Bt and B~ will be close to
ds dw1

(hy ¢), for h; > h, the Tower Wy, and for h; < h, the higher Wy .

A more uncertain inflation increases the expected value of %u A higher 6 would

therefore have two effects: The higher riskiness of the inflation, which would
decrease the attractiveness of the best nominal contracts, and the lower expected
value of"%a which might change the attractiveness of the best nominal contracts

in either direction.




REFERENCES

Azariadis, C., 1978, Escalator Clauses and the Allocation of Cyclical Risks,
Journal of Economic Theory, 18, 119-155.
Cukierman, A. and Razin, A., 1976, The Short-Run Effects of Indexation of Wage
Contracts on Macroeconomic Fluctuations, European Economic Review, 9, 83-96.
Danziger, L., 1979, A Model of Wage Indexation, prepared for the "Conference on
Inflation and Development" at Tel Aviv University, June 1979.
Fischer, S., 1977, Wage Indexation and Macroeconomic Stability, Journal of Monetary
~ Economics, 5, 107-147.
Gray, J.A., 1976, Wage Indexation: A Macroeconomic Approach, Journal of Monetary
- Economics, 2, 222-235.
Gray, J.A., 1978, On Indexation and Contract Length, Journal of Political Economy,
86, 1-18.
Kihlstrom, R.E. and Mirman, L.J., 1974, Risk Aversion with Many Commodities, Journal
of Economic Theory, 8, 361-388.
Paroush, J., 1975, Risk Premium with Many Commodities, Journal of Economic Theory,

11, 283-286.







