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Indexation in Long Term Labor Contracts:

A Theoretical and Empirical Analysis

Introduction

The importance of wage indexation for the persistence of inflation and
the macroeconomic performance of the economy has been widely acknowledged.1
At the same time, recent collective bargaining developments have drawn
attention to the role of cost of living escalation in the wage
determination process.2 In both instances, public and professional interest
has focused on the response of indexed wage rates to concurrent price
increases.3 On the other hand, the characterisics of this response have
only recently been investigated. The results of this research indicate that

labor contracts differ widely in the size of escalated wage increases

lFor example, Fischer[12], Gray[l4], and Cuikerman[9] have emphasized
the positive and normative consequences of alternative indexation regimes
in the presence of real and monetary disturbances in the economy.
Taylor[22] has demonstrated the important role of indexation provisions
in determining the path of the economy between high- and low-inflation
regimes.

2Recently, the United Auto Workers have deferred index linked wage
increases in many of their contracts. Similar arrangements were made bet-
ween the United Rubber Workers and Uniroyal in June 1981. Interestingly
enough, the 1982 round of contracts in the rubber industry have retained
cost of 1living escalation and eliminated non-contingent increases entirely.

3In fact, as early as the Korean War, public policy concentrated on this
aspect of escalated contracts. Under the War Stabilization Board, indexa-
tion clauses were legally restricted to average elasticities of indexation
less than unity.



..2_
awarded for each increase in consumer prices.4 Furthermore, a major
fraction of the dispersion in the response of index-linked wage increases
is attributable to the industry of origin of the contract.

These two facts suggest that contractual wage indexation provisions
cannot be explained by a simple model of real wage insurance.? The starting
point for this paper is the recognition that parties to a collective
bargaining agreement are typically concerned with a wide range of relative
prices, including the price of the firm's inputs and outputs and the level
of wages elsewhere in the economy. Unlike the consumer price index,
however, many of these prices are private information and not freely
available to one party or the other. For this reason, contracts written
contingent on relative prices are potentially costly to administer and
monitor.b However, given the structure of aggregate and relative prices in
the economy, observations on the aggregate price index convey information
on the levels of relative prices. In light of this information, the role of
the contractual escalation formula is to incorporate inferences of the

unobserved relative prices into the wage adjustment process.

4For base wage rates in a sample of Canadian contracts from 1968-1975,
the elasticity of wages with respect to prices during the course of indexa-
tion ranged from .52 to 1.50. See Card[8].

5For example, the model of Azariadis[3] predicts a constant real wage
rate over the life of the contract.

6Labor contracts with wage rates Iindexed to product prices were written
in the copper industry in the interwar period, and in the iron industry in
the 1870's. See Taft[21]. Since the important indexed agreement between
General Motors and the United Automobile Workers in 1948, wage rates have
been linked to consumer prices exclusively.
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According to this interpretation, the response of contractual wage
rates to changes in the aggregate price index depends on two factors: the
extent to which signals on relative prices can be extracted from aggregate
prices, and the extent to which it is desireable to adjust real wages to
these signals. A strong test of the theory is obtained by comparing the
predicted and actual distributions of elasticities of escalated wage
increases with respect to consumer prices across contracts.

In the first section of the paper, a simple model of contractual wage
indexation is developed. The model is summarized by an expression for the
elasticity of the contractual wage escalator with respect to prices. The
implications of two alternative assumptions on the form of union
preferences are catalogued and related to earlier work by Blanchard[4]. In
the second section of the paper, the model is tested against a sample of
contracts from the Canadian manufacturing sector. An interpretative link is
developed between the model and the form of typical contractual escalation
provisions. This link permits tests of the predictive content of the
theory, and tests of alternative specifications of the model. The
implica&ions of the empirical analysis for the interpretation of observed
contractual arrangements are discussed in the concluding section of the

paper.
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I. A Model of Long Term Indexed Contracts

(a) General Considerations

The analysis of indexed labor contracts in this paper is based on a
model of bilateral monopoly with imperfect information. Bargaining takes
place between a firm and a homogeneous collection of workers with specific
skills and training. In each period, these parties determine the levels of
wages, employment and non-labor inputs, taking as exogenous an output
demand shock, non-labor input prices, alternative real wages, and the
level of aggregate prices. Information on aggregate prices is assumed to be
freely available to both workers and the firm, while information on output
market conditions and input prices is available only to the firm, and
information on alternative wages is freely available only to workers. It
will also be assumed that in the absence of asymmetric information, workers
and the firm would be in agreement as to the choice of wages, employment
and non-labor inputs. With these assumptions, formal contract negotiations
are interpreted as the process of information exchange between the
contacting parties. Since both sides will generally have an incentive to
conceal their private information, contract negotiations are potentially
costly. In this situation, multiperiod contracts arise naturally as a means
of reducing negotiation costs, although at the expense of some efficiency
in the allocation of earnings and employment.

Under a multiperiod contracting arrangement, complete information is

exchanged only occassionally (once every two or three years). In the
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intervening periods, adjustments to wages and employment are made through
incentive compatible schemes that take account of the underlying asymmetry
in information. An important class of these schemes has the feature that
one party (usually the better informed) is given the contractual right to
act on behalf of the pair, while payments between the parties are made
contingent on variables observed by both.” Labor contracts in which the
wage rate is indexed to the aggregate price level and employment is
determined by the firm's labor demand schedule are particularly simple
examples of this kind of arrangement.

Recently, a number of authors have argued that a natural variable on
which to base the compensation of workers is the level of employment at the
firm.8 Since the employment decision reveals at least some Information on
the state of demand and costs of materials observed by the firm,
employment-contingent contracts can help to resolve the information
asymmetry between workers and the firm.9 Nonetheless, the employment

contingent component of compensation in typical labor contracts is

7A discussion of incentive—-compatible schemes in a labor market context
is presented in Hall and Lazear{17].

8See for example Calvo and Phelps[5], Hall and Lilien[18], and
Grossman and Hart[16].

9Hall and Lilien[18] show that in the absence of uncertainty about
alternative wages, allowing for ex ante transfers between workers and the
firm, and assuming risk neutrality on the part of the owners of the firm,
employment—-contingent wage schedules achieve ex-post efficient employment
allocations. Grossman and Hart[16] demonstrate that relaxing the assump-
tion of risk neutrality of owners leads to a conflict between the risk-
sharing and resource allocation goals of the contract that cannot be
completely resolved by a simple employment-contingent wage schedule.
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restricted to individual-specific overtime payments. For convenience then,

and in the absence of empirical evidence to the contrary, the aggregate
price index is assumed to be the only information shared by workers and the
firm on which intracontract contingencies can be based. Furthermore,
intracontract employment and input decisions are assumed to be made
unilaterally by the firm, acting as an agent for its workers. This
assumption is consistent with the failure to observe contractually
specified employment levels (or index-linked employment schedules) in

typical North American labor contracts.

(b) The Model

Let p¢ represent the aggregate price level in period t, 6 a real
shock in the firm's output demand, ry the real price of non-labor inputs,
ag the alternative real wage available to workers, wy the contractual
nominal wage rate, My the level of non-labor inputs, and Ly the level of
employment. Denote the revenue function of the firm by R(L,M,8). Real

profits in period t are given by:
R(Lt,Mt,et) - Wt‘Lt/pt - rt-Mt .

Assume that the preferences of the firm's owners over alternative profit

streams are represented by a function of the form:
(1) Et E ( v{R(L M ,8.) - (w /p )L -1t M} ),

where v{ } is a concave and increasing utility function and E denotes
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expectations based on information at t=1. Assume that in each period, a
selection Ly of the original L0 employees of the firm are retained at the
firm, while the remainder obtain employment at the alternative real wage
rate. The value of a contract with the firm for a typical employee is the
value of a lottery that yields the contract wage with probability Lt/LO,
and the alternative wage with probability 1—Lt/L0.10 Let u{ } be an
increasing and concave utility function and assume that employees'

preferences can be represented by a function of the form:
0 - 0
(2) Lo ECL /0w /p.} + (1-L /10)u{a} ).

The preference representations (1) and (2) imply additive separability
and no borrowing or lending on the part of owners or workers. The analysis
of escalation provisions is unchanged with unrestricted borrowing and
lending, provided that fully indexed savings instruments are available.
However, as Blinder[5] has observed, when indexed bonds are not available,
wage indexation provisions are potentially influenced by the desire to
insure the real value of employees' or employers' savings. Since the focus
of thisyanalysis is on the sources of inter-industry differences in
escalation provisions, savings will be ignored.

In this setting, the optimal contract length equates the expected

costs of renegotiation with the expected benefits from the exchange of

10The alternative real wage may include unemployment benefits, the value
of leisure, and/or wages in another job. Hours per worker are taken as
fixed.
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complete information between the two parties.11 For simplicity, however,
escalation provisions will be analysed conditional on a two period
contract. The analysis of wage indexation in each period of a longer
contract is analogous.

The level of second period employment is determined by the firms's
demand for labor, subject to the constraints that L2<IP and that 1p workers
are actually available to work at the wage wy. Both comstraints will be
ignored in this development.l2 Let

n¢e,r,w,p) = max R(L,M,8) -wL/p - M
L,M
represent the profit function of the firm. For notational convenience, time
subscripts will be dropped, and all variables will be considered as dated
at t=2. Given the preference representations (1) and (2), the contractual

wage function for second period wages solves the following program:

l1see Gray[15] for a complete analysis of contract length determination.

121n the presence of significant relative wage effects of unionization,
the impact of ignoring these constraints is likely to be small.
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(3) max E ( u{a} + (L/L))(u{w/p} - u{a}) + hv{@} )

w(p)
s.t. L= -1/p 81/8w,

for some fixed positive number h. If lump sum transfers between workers and
the firm are available, then h=1/L0, reflecting the tradeoff of one unit of
owner's consumption for 1/L0 units of consumption per employee. In the
absence of such transfers, h(l/LO’ with strict inequality whenever
distributional goals conflict with efficiency in determining the wage
schedule.

The first order condition for (3) requires that at each p, the
expected marginal utililities of workers and owners are proportional. To

simplify notation, let
U(w,p,a,L) = u{a} + (L/L9)(u{w/p} - u{a}).
The optimal escalator function w(p) satifies the first order condition

(4) o K( %g +h §§%ﬂ} lp) =0

at every realization of second period prices. let f(G,r,alp) denote the
conditional density of (8,r,a) given p. Assume that f( |p) is
differentiable with respect to p and that the range of (6,r,a) is
independent of p. Treating (4) as an identity in p for a particular

solution function w(p) and fixed h, the derivative of w(p) is given by:
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dw _w _ 1 38U Svin}, df
(5) T3 "D [1] (zz + b =550 i (6,r,alp) da dr ao
where
82 %
D = -E( (-S--‘_;ZU + h SVJZV{H} I p) > 0.

The wage escalator is greater than or less than unit elastic at the price
level p as the right hand side of (5) is positive or negative.

If the aggregate price level conveys no information on the unobserved
real variables, the conditional density f(e,r,a|p) is independent of p,
and the right hand side of equation (5) is zero. In that case, the optimal
wage escalation function maintains a constant real wage and the elasticity
of indexation of nominal wages with respect to prices is unity. Otherwise,
the conditional distribution of (6,r,a) depends on prices and the real wage
that satisfies (4) is a function of p. There are two reasons for real wages
to respond to aggregate prices, First, since employment is set unilaterally
by the firm, the real contractual wage rate may adjust with prices to
achieve different levels of contractual employment in accordance with the
differegt inferences of (06,r,a). Second, if workers and/or owners are risk
averse, the real wage rate may respond with prices to stabilize the real
incomes of workers and/or owners across different price realizations. To
sort out these two influences, it is useful to place some further
restrictions on the structure of technology, preferences, and uncertainty,

In this model, the nature of uncertainty is summarized by the joint
distribution of p, 6, a, and r. Assume that these variables have a joint

lognormal distribution with:
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E(log p) = log p E(log 6) = 0,
E(log a) = log & s E(log r) = 0,
var(log p) = 02p . var(log 6) = 021,
2 2

var(log r) = ¢ 9 s var(log a) =o¢ 3,
cov(log p, log 6) = P10po1,

cov(log p, log r) = P20po2,

cov(log p, log a) = P30p03,

The preference representations (1) and (2) are conveniently parameterized
by assuming that both u{ } and v{ } are of the constant relative risk

aversion class. In particular, suppose that

d

wx} = 1/(-d) x4 ,da50 ,

and

v{x} 1/(1-y) xl_Y » Y >0 ,

where the constants d and y are the indexes of relative risk aversion of
workers and owners respectively. Finally, to obtain closed form

expressions, it is convenient to consider profit functions of the form:
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m(e,r,w,p) = (w/p)°1 62 3,

parameterized by the constants cj, cy, and c3. This functional form is
consistent with a Cobb-Douglas technology and implies constant elasticities
of labor demand with respect to wages, input prices, and the output market
shock.13

c¢) Risk Neutrality

The case of risk neutrality on the part of both owners and workers is
of special interest because it represents the one most thoroughly analysed

in the literature on contracting and indexation.l4 If d=0 then
U=a+ (L/LY) (w/p -a),

and workers' preferences parallel those of a union that maximizes its

excess wage bill.15 The first order condition (4) becomes

(4a) [f 1/p [ (1 - 8p/w(w/p-a) - hL0)f(a|p)da £(6,r|p)dedr = 0,

where -8 < -1 is the elasticity of labor demand with respect to real wages.

The marginal utilities of both owners and workers are proportional to

13ror profits to be positive and decreasing in w and r it is necessary to
restrict the own price elasticities of factor demand to exceed unity, and
the cross-price elasticities to be negative.

l4pisk neutrality is implicit in the models of Gray[14], Blanchard[4],
and Hall and Lilien[18].

15This model of union behaviour is generally associated with Dunlop[l1l].
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employment and the necessary conditions for optimality are satisfied if

(6) w/p = E(alp) B/(hL0 - 1 + B) .

1If hi® = 1, the contract maximizes the sum of profits and the utility of
workers, measured in money units. In that case, w/p = E(a]p), and the
contract wage equals the expected opportunity wage at each realization of
prices. Bargaining outcomes that distribute positive rents to employees are
those with hL0 < 1. For such contracts, the wage escalator maintains a
constant proportional markup over the expected opportunity wage.

Differentiating (6) with respect to p and using the fact that

E(alp) = & exp{ 1y log(p/P) + 3 o5(1-03) }

where rop = pzoz/op is the population regression coefficient of innovations
in the logarithm of alternative real wage rates on innovations in the
aggregate price index, we obtain the following expression for the

elasticity of indexation:

(7

[N ¥="
TIE

P _
v 1+1ry .

In the absence of risk aversion, contractual wages respond only to the
inference of alternative wages. Furthermore, real contractual wages are
unit-elastic with respect to the inference of a.

The conclusion that indexation provisions depend only on the

relationship between aggregate prices and opportunity wages 1s perhaps
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surprising, in light of Blanchard's[4] emphasis on the correlation of raw
materials prices with aggregate prices as a determinant of the elasticity
of indexation. At this stage it is worth indicating how these different
conclusions arise, and also how the present analysis is related to the
problem of choosing a wage-employment schedule to achieve efficiency when
the firm sets employment unilaterally.

To generalize the discussion somewhat in the specific context of risk
neutrality, suppose that the net benefit of the contract to all 10 workers

collectively is given by:
(W/P)L - c(L,a) ,

where c(L,a) has the interpretation of an opportunity cost function,
associated with the supply of L units of labor to the firm when the
alternative wage is a. The value of the contract to any single worker is a
fraction 1/10 of this total benefit. The Dunlop preference representation
is obtained by assuming that the opportunity cost function is (L - 19)a, in
which case the marginal cost of increasing employment at the firm is a. The
contract allocates labor efficiently ex post if expected marginal revenues
and costs of additional employment are equal, conditional on the observed
level of aggregate prices. As Hall and Lilien[18] have indicated,
efficiency can be achieved in a contract with unilateral employment
determination by presenting the firm with a marginal cost of employment
schedule that mimics the actual schedule 8c/8L. In particular, consider a

wage schedule w(p) such that
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C

®  T=E 3w | .

P
Since the firm sets the wage rate equal to the marginal revenue product in

each realization of p,9, and r, ex post efficiency is assured by (8).

In the absence of distributional requirements, the wage indexation
function is determined on the basis of allocative efficiency, and the
contractual escalator is characterized by (8). For the Dunlop utility
function, the marginal cost of employment is a, independent of L, and the
elasticity of indexation is given by (7). On the other hand, Blanchard[4]
has considered preferences such that the marginal cost of employment is

1/e

increasing in L. Specifically, suppose that 8¢/6L = a¢ L . To reflect the

marginal cost of contractual employment, the wage function must satisfy

_Vz = E( a¢ L1/€ |P)

o

at each price level. Substituting for employment from a labor demand

schedule of the form

log L = 8 log(w/p) -~ n log r +u log 6 ,

where n is the cross elasticity of labor demand with respect to non-labor
input prices and u > O reflects the impact of output market shocks on
labor demand, the contractual wage rate can be expressed in terms of the

conditional inferences of 6 and r, given p.
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Differentiating this expression with respect to p ylelds:

dw p u n e
(7a) -~ = =1==—-71] - === 19 + ——— 13

dp w B+e B+ B4e
where r] = plcl/op and r2 = pzcz/cp are the population regression
coefficients of innovations in 6 and r respectively on innovations in p. If
$=u=0 this expression reduces to the one given by Blanchard. As e+»= with
$=1, the opportunity cost function becomes infinitely elastic at the real
wage rate a and equation (7) is obtained in the limit. If € < «, the real
contractual wage established by the escalation function depends on the
inferences of all three unobserved variables. Since the opportunity cost of
employment is increasing, as 6 increases or r falls and employment demand
increases, the real contract wage must increase.

In a risk neutral setting, the importance of firm specific input and
output market conditions for the slope of the wage escalator depends on the
opportunity cost of employment function. On the other hand, the elasticity
of the indexation schedule 1is independent of distributional considerations
in the absence of risk aversion. For the case of a constant marginal cost
of employment, this result is illustrated by equations (6) and (7). In
fact, however, an analogous result holds for more general marginal cost
functions and is proved in Appendix A. With risk neutrality, the
contractual wage schedule maintains a constant proportional markup over the

expected maginal cost of employment, and the elasticity of indexation is
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given by (7a), independent of the value of h in equation (4). In the
absence of risk aversion, the issue of competing distributional and
allocative goals is irrelevant for the elasticity of the wage escalation

function.

d) Risk Aversion

Risk aversion introduces an additional role for the contractual wage
escalator: that of stabilizing the real incomes of workers and owners
across different realizations of prices. As an illustration, suppose that
workers are fully tenured. With a fixed labor force, the allocative role of
the contractual wage is eliminated and insurance considerations determine
the wage escalator function. If owners are risk neutral, the escalator is
unit-elastic and workers' real earnings are fully insured across states.l16
On the other hand, when owners are risk averse, the wage function can
provide insurance from workers to owners., If the correlation of output
demand shocks with innovations in p is positive, as aggregate prices rise
the demand for the firm's output increases, and the wage escalator will be
greater than unit-elastic in order to stabilize the profits of owners.
Conversely, in a counter-cyclical industry, higher aggregate prices signal
a negative demand shock, and the wage escalator will be less than unit

elastic.l7

16This is an implication of the model of Azariadis[3].

17These assertions can be proved easily by examining the elasticity
condition (5) with I =90 —(w/p)L, and U = uw(w/p).
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With risk aversion on the part of owners and workers, the derivation
of the wage indexation shedule is straightforward but somewhat tedious.
Details are presented in Appendix B. The first order condition (4) can be

differentiated to yield:

dw 1
(9) 555=1+5,8r3
1 3] 1-d-R
w5 Ui ey | o
1 B 1-d-8
EARAE =l c=r ORI
where
v o (d=Y(1-B))(1-d-B) 1=y (1-8)
D (1=Dv () S T}
and
v = Gt EC 9T oy

Inspection of (9) reveals that the wage indexation function is independent
of r; and ry when owners are risk neutral (y = 0). In that case, both the
allocative and insurance roles of the wage function depend only on the
conditional inference of the opportunity wage schedule.

In general, the wage escalator defined by equation (9) does not
exhibit a constant elasticity of indexation. However, for log p in a
neighborhood of its expected value, 1f the elasticity of indexation at each
price realization is not far from unity, (9) is well approximated by a
constant elasticity wage schedule. Let % equal the expected nominal wage

rate at the start of indexation. Define z = (%/p)/a, and observe that y(p)
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= zl.-d if Oy is small.l8 The elasticity of indexation is approximately:
(10) dw p _ 1 +cyry + coro + car
dp w 171 2r2 33 >
where
C1 = UYg/D* ’
coy = —an/D* ’
c3 = 8/D* ,
and
1-d
g = 1/(1-d) { 8 + (1-d-B)z } o,
while
1+y(B-1) 1-d-B
% 1-d
D" =8 + (d+y(B-1))z .
1-d 1-d

If y=d=0, then p* = By, c3 =1, ¢c; = ¢cg = 0, and (10) reduces to (7). The
denominator term D* is necessarily non-positive if w(p) is a solution to
the program (3) at the price level p. A sufficient condition is z < 1 + ¢
for some positive number Z. The expression g is positive under similar

conditions.

18Altonji and Ashenfelter[l] estimate an individual-specific real
wage variance (controlling for fixed effects) of approximately 0.1l1l.
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The elasticity of real contractual wages with respect to changes in
the inferences of the unobserved variables (6,a,r) depends on the
magnitude of the coefficients cj, c9, and c3. Comparative statics results
for these three coefficients can be obtained for z in a neighborhood of
unity. For instance, with z close to one, c; is decreasing in z while c3 is
increasing in z. In contracts with a higher relative wage, greater emphasis
is placed on stabilizing the differential between the contract wage and the
alternative wage. On the other hand, increases in the relative risk
aversion of owners imply a greater emphasis on stabilizing real profits.
Since profits are independent of the alternative wage, but depend
critically on 6 and r, increases in y are associated with an increase in
the absolute values of c¢; and cj, and a decrease in the absolute value of
C3-

The effect of changes in either d or B on the characteristics of the
wage indexation rule are ambiguous. However, for reasonable values of d,
B, and z, the coefficient c3 is increasing in B and decreasing in d,
whereas. the absolute values of the coefficients cj and c9 are decreasing in
B and d.19 1f B is higher, contractual employment and real profits are more
sensitive to the contractual wage. On the one hand, to stabilize profits
it is desireable to increase the responsiveness of contractual wages to

inferences of 6 and r, and reduce the responsiveness of contractual wages

19%e have treated uy as a third parameter in the profit function of the
firm. If the firm is competitive in its output market, 6 is interpreted as
the relative selling price of output and u=n+8. In that case, the coef-
ficient cj is also decreasing in both d and B.
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to inferences of a. On the other hand, to stabilize workers' utilities it
is desireable to de-—emphasize inferences of 6 and r, and increase the
sensitivity of contract wages to inferences of the alternative wage. For
reasonable choices of the parameters, however, the latter considerations

appear to dominate.

e) Summary of the Model

The model of indexation delivers an expression for the elasticity of
contractual wages with respect to prices in terms of the parameters of
preferences, production, and the stochastic environment facing the
contracting parties. At this stage, it is instructive to compare the
implications of the two versions of the model, represented by equations
(7a) and (10) respectively. The form of both expressions is similar: in
each case the deviation of the elasticity of indexation from unity is a
weighted average of the parameters rj, ro and r3. Furthermore, both (7a)
and (10) place the same non-linear restriction between the coefficients of
ri and IZ.ZO Other than functional form differences, the major empirical
distinction between the two is in the role of z, the average or expected
relative wage effect of unionization.2l As noted earlier, in the absence of

risk aversion, the elasticity of the wage escalation function is

20The ratio of the coefficient of r] to the coefficient of rg9 is —u/n.

21Treating ¢, €, Y and d as unobservable parameters.
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independent of any distributional considerations in the contract. This
presents the possibility of testing an 'increasing marginal cost of
employment' model of indexation against a 'risk sharing' model by testing
for the importance of the relative wage effect of unionization in
determining the elasticity of indexation.

Some idea of the predictive content of the model can be obtained by
considering the implications of (7a) or (10) for given values of the
underlying parameters. Aggregate time series evidence suggests that real
wage and price innovations are negatively correlated.22 This is consistent
with the casual observation that in many jobs, nominal wages are adjusted
only once or twice a year. In addition, unemployment and social security
benefits are not fully indexed to contemporaneous price increases.
Therefore, from the point of view of any particular bargaining group, the
coefficient r3 is likely to be negative. Furthermore, one would expect
r3 to be more negative for workers whose job opportunities are concentrated
in sectors characterized by non-indexed nominal wage contracting, and less
negative for workers whose job opportunities extend to labor markets with
auction characterisitics.

The coefficients r] and ry can be expected to vary across industries,
according to the nature of the inputs and outputs of the industry. At

least in recent years, the correlation of innovations in real raw materials

22Using residuals from autoregressions on annual data from Canada, the
correlation of innovations in average real wages in manufacturing and the
C.P.1. is -0.41. Similar results are obtained using quarterly data from
Canada, and quarterly data from the U.S.
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prices and the consumer price index has been positive.23 This implies
higher values of r9 in industries whose inputs consist largely of
unprocessed goods and materials., On the other hand, is is often argued that
nominal industry prices are sticky, at least among manufacturing
industries.24 On the basis of this argument, one would expect lower values
of ry in those industries whose inputs consist of the processed outputs of
other industries. By the same token, it seems reasonable to expect that the
correlation of innovations in real industry selling prices and the consumer
price index is higher among non-durable manufacturing industries and
service industries, and lower among durable manufacturing industries.

On the basis of this pattern for the parameters ry, r9, and r3, the
model of indexation predicts higher elasticities of indexation in service
industries and non-durable (particularly food and textiles) manufacturing
industries, and lower elasticities of indexation among contracts in the
durable manufacturing industries.25 Furthermore, given a negative value of

r3, elasticities of indexation might be expected to average somewhat less

23Recent data are dominated by the simultaneous increases that ocurred in
the real prices of energy, food, and raw materials, together with the
aggregate price index, over the 1973-75 period.

24The early literature on this hypothesis is summarized by Stigler
and Kindahl[20], who provide some evidence against the sticky price notion.

250bserve that both (7a) and (10) imply that the coefficient of r; is
larger in magnitude that the coefficient of ry, at least for price-taking
industries (u=f+n>n). Thus among industries with rj; = rp, and positive r;
and r9, average elasticities of indexation are predicted to be relatively
high.
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than unity across all industries. These implications are generally
consistent with the pattern of measured elasticities of indexation
presented in Card[8]. The extent to which the model of this paper can
describe the distribution of index-linked responses, taking account of both
the industry distribution of rj, r9, and r3j, and the pattern of technology

across industries, is pursued more formally in the next section.

II. Empirical Performance of the Model

a) General Considerations

The model of wage indexation developed in the previous section gives
rise to an expression for the elasticity of the contractual wage escalator
in terms of the parameters of preferences, technology, and the stochastic
structure of real and aggregate prices. In contrast to the escation
schedule described by the model, however, observed wage indexation
provisiéns typically fail to provide a fixed percentage increase in wages
for each percentage increase in the consumer price index (C.P.1.).26
Furthermore, escalated labor contracts generally include both contingent

and substantial non—-contingent wage increases .2/ Finally, in many labor

26g5ee Card[8]. Over 90 percent of the contracts analysed there feature
non~-proportional wage indexation to the CPI.

27See Table 2 of Card[8]). Non-contingent increases account for about 70
percent of the total realized wage increases in the sample. The size of
non—-contingent increases among escalated contracts is typically smaller
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contracts, escalation provisions are shared among a wide range of
employees, including both skilled and unskilled production workers. This
sub-section develops an interpretative link between the simple model of
wage indexation described by (7a) or (10) and the form of contractual
escalation provisions. The major features of this link include recognition
of the role of non-contingent wage increases in escalated wage contracts,
and consideration of the heterogeneity of the contractual labor force in
modelling shared wage escalation clauses.

It has been observed that among indexed contracts, the fraction of
wage increases attributable to contingent as opposed to non-contingent wage
increases is small, but increasing in periods of unanticipated inflation.28
This suggests that indexation provisions in many labor contracts are
written to provide marginal adjustments to contractual wages as the
aggregate price deviates from its expected level. On the other hand, in
some contracts, non—-contingent wage Increases are small and a majority of
wage adjustment is achieved through index~linked wage increases. In the
framework of a two period model, contracts differ by the extent to which
the expected level of second period aggregate prices is Incorporated into

the non-contingent component of second period wages. To pursue this

than among non-escalated contracts. For major agreements in the U.S. in
1982, annualized non-contingent increases averaged 9.2 percent among non-
escalated contracts, and 3.7 percent among escalated contracts. See
LeRoy[19].

28For example, Table 2 of Card[8] indicates that the share of contingent
wage increases in total increases averaged 31 percent over all contracts.
However, this share was 41 percent among contracts signed in 1971, many of
which spanned the period of rapid price increases in 1973 and 1974.
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formally, suppose that (10) (or (7a) by a suitable redefinition of the
coefficients cj, c9, and c3) describes the desired relation between second
period wages and prices in a relevant range of prices. Integrating (10), we

obtain the following expression for second period wages:
log w - constant = e*log P

where e*=l+c1r1+c2r2+C3r3. Suppose that the non-contingent component of
second period wages, wl, incorporates the constant term and some fraction

of the unconditional expectation of the right hand side of this expression:
log w? = constant + fee* E[log p]

The contractual wage rate, conditional on a second period aggregate price

P, can be written as
(11) log w = log wi + e*{log p - log B} ,

where log P = £+E[log p]. 1In this expression, the desired second period
wage is achieved through a combination of the non-contingent wage wi, and
contingent increases based on the excess of p over Pp. Larger non-
contingent increases are associated with a longer delay in the operation of
escalation provisions. Provided that f is small enough, the continent
component of wage change will be positive with arbitrarily high

probability.29

29Contingent wage changes are not restricted to be positive in all
contracts. For example, the first escalated contract signed by General
Motors and the United Automobile Workers actually reduced nominal wages in
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This development highlights the tradeoff between contingent and non-
contingent wage increases, and illustrates the difficulty in interpreting
ex post contingent wage increases in isolation from the non-contingent
increases that accompany them. On the other hand, inspection of equation
(11) reveals that the marginal elasticity of nominal wages with respect to
prices is an appropriate estimator of the ex ante elasticity e* ,
regardless of the size of non-contingent wage increases in the contract.
Although contractual escalators rarely take the form of (11), a useful
interpretation of observed provisions is that they represent piece-wise
linear approximations to the constant elasticity wage-price trajectories
described by (11). Under this interpretation, the marginal elasticity of
the observed (non-proportional) wage indexation schedule, measured at the
start of indexation, is likely to be a good estimator of the marginal
elasticity of the "desired" wage schedule (11). This interpretation of non-
proportional escalation formulas will be adopted here, and equations (7a)
and (10) will be viewed as alternative descriptions of the marginal
elasticity of indexation, as measured at the start of escalation.30

In a majority of indexed contracts the cost of living escalation clause

specifies an absolute wage increment for each point increase in the C.P.I.

Typically, the same increment is applied to every wage rate in the

the later years of the contract. See Garbarino[13].

30As an empirical matter, in contracts with non-proportional wage
escalation provisions (which provide a fixed absolute wage increment
for each fixed absolute increment in prices), the marginal elasticity
of indexation is relatively constant during the course of indexation.
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contract. Let o represent the contractually specified derivative of wages
with respect to the C.P.I., let E log wg(s) represent the expected value of
the log of the contractual wage rate of the jth group of workers at the
start of indexation, and let E log p(s) represent the log of the expected
aggregate price level at the start of indexation.3l For the jth group of
workers, the appropriate derivative of wages with respect to prices at the

start of indexation 1is 03 where
log ay = log e*j + E log wg(s) - E log p(s) ,

and e*j is the elasticity of wages with respect to prices predicted for the
jth group by the model. Let {cj} represent a set of weights based on

relative employment shares, and assume that o is chosen according to:
log a = Ej o5 log oje.

Substituting for the definition of log aj and making use of the

approximation log e*: = e*; -1 , this assumption implies
] J

(12) log a = -E log p(s) + Ej o5 E log wyj(s) + Ej o3 (e*j-l).

Equation (12) relates the observed contractual parameter o to the wage

rates and composition of the labor-force in the contract, and to the

3lyhen indexation 1is delayed, one or other of the price level or the
wage rate at the start of indexation is uncertain at the signing date.
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theoretically predicted elasticites e*j. Define the average contractual
wage rate by w = exp{onjlog w3}, and define the observed elasticity of
indexation of average wages t periods after the start of the contract by

e(t) = a p(t)/w(t). Using this notation, equation (12) can be written as:

(13) log e(s) = onj (e*j - 1) .

The left hand side variable represents a useful characterization of wage
escalation provisions in contracts with non-proportional indexation, non-
contingent deferred wage increases, and multiple wage rates. Since the
parameters rj, ro and rg are in principle measurable, and the coefficients
c1, ¢9 and c3 are known functions of observable variables and taste
parameters, equation (13) gives a concise summary of the empirical content
of the theoretical model of indexation. Furthermore, the extent to which
(13) provides an adequate description of the inter-contract dispersion in
e(s) gives a strong test of the theory. The balance of this section makes
use of equation (13) to test the theoretical model of indexation against

individual contract data.
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b) Preliminary Data Analysis

The contract sample consists of 189 indexed contracts written between
1968 and 1975 covering 500 workers or more in the Canadian manufacturing
sector., Contracts from non-manufacturing industries and contracts with
proportional escalation clauses are excluded from the sample.32 In
addition, a small number of contracts from the "miscellaneous
manufacturing” industry classification are excluded for lack of meaningful
industry data.

Information at the contract level includes the wage rate at each date
over the life of the contract. Both the base wage rate and the highest
wage rate covered by the contract are available.33 Denote the base wage
rate t periods after the start of the contract by wj(t), and denote the
highest or "skilled" wage rate by wy(t). Contract-specific employment data
are unavailable and skill composition in a particular contract must be
inferred from the corresponding industry-level data. Let ¢ denote the
proportion of skilled workers in the contract (according to the industry-

level data) and define the average contractual wage rate as

w(t) = exp[(l-0)log wi(t) + o log wo(t)] .

32petailed industry information is largely unavailable for
non-manufacturing industries.

33In most manufacturing contracts, the highest wage rate is earned
by skilled maintenance tradesmen, while the base wage rate is earned
by janitors or sweepers.
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The marginal elasticity of average contract wages is defined accordingly.
For comparative purposes, the data analysis is presented both in terms of
e(s), the elasticity at the start of indexation in the contract, and e(0),
the elasticity relative to wage rates and prices at the signing date of the
contract.,

For lack of firm—-specific information on the variables identified by
the theoretical model, any test of the model must rely on the maintained
hypothesis that contracts within each 3 digit industry are essentially
identical. On the other hand, a more natural assumption is that the

contracts signed by each bargaining pair are identical, at least in terms

of their desired elasticities of indexation. The hypothesis that contracts
in each industry have the same elasticity of indexation, (apart from an
error term) can be tested by comparing the residual variance from a
regression of measured indexation elasticities on industry fixed effects
with the residual variance from a regression on bargaining pair fixed

effects.3%

Results for this procedure are reported in Table 1. Lines (5) and (6)
of the Table give the F-ratios for the comparison of bargaining-pair and 3

digit industry fixed effects. 1In the fifth row, the test statistics are

341f Yijk represents the log of the elasticity of indexation in
the kth contract signed by the jth bargaining group in the ith
industry, then a natural scheme for Yijk is
Yijk = ¥i + ¥ij + €ijk >
where yi represents the industry mean elasticity, yi; has the
interpretation of a fixed effect for the jth bargaining group in
the ith industry, and €1jk is an error term. The test is simply

yij =0 .
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reported for the subset of contracts written by parties with two or more
contracts in the sample.35 Test statistics for the entire sample of
contracts are reported in the sixth line of the Table. Among the reported
statistics, only one is significant at the 5 percent level. Substituting
e(o) for e(s), or adding additional fixed effects to the regression, tends
to increase the probability of accepting the null hypothesis. Overall,
there is very little evidence from the Table that the within-industry
variation in escalation elasticities is due to systematic bargaining-pair

effects.

On the other hand, there is a fairly strong tendency for elasticities
of indexation to vary systematically by the signing data of the contract.36
This fact is only slightly less evident in the regressions that control for
bargaining pair fixed effects (1ine (2b) of Table 1). In contrast to these
results, there is no evidence of significant contract length fixed effects
in measured elasticities of indexation, or alternatively, of significant

fixed effects associated with any of major unions in the Canadian

350f the 189 contracts, 108 contracts were written by bargaining
pairs with two or more contracts in the sample. 1In analysing
bargaining pair fixed effects for the entire sample, only these
contracts contribute to the sum of squared residuals of the
regression.

36Relative to contracts signed in 1975, average escalation
elasticites within each 3 digit industry were approximately
15 percent lower in contracts signed in 1968, 9 percent lower in
contracts signed in 1969, 7 percent lower in contracts signed in
1972, and approximately the same in the other years. Essentially
the same pattern of estimated signing date fixed effect emerges,
controlling for bargaining pairs.
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manufacturing sector.37 Apart from an error term and signing date effects,
contracts in each 3 digit manufacturing industry have essentially the same
elasticities of indexation. 1In fact, by themselves, 3 digit industry fixed
effects account for about 60 percent of the sample dispersion in escalation
elasticities, while in combination with signing date fixed effects they
account for roughly two-thirds of this dispersion.

Although far from conclusive, these facts suggest that a model of
indexation based on systematic industry factors is potentially capable of
explaining a substantial fraction of the inter-contract variation in
measured escalation elasticities. How far the model of Section I. can

succeed in this regard is pursued in the next sub-section.

c) Estimates of the Model

With the substitution of equations (7a) or (10) into (13), the log of
the elasticity of indexation is expressed as a non-linear function of the
labor demand parameters, B, n and p, the signal extraction parameters rjp,
ry, and rj3, the relative wage effect z, and the parameters of the marginal
cost of employment function, ¢ and €, in case of (7a), or the risk
parameters d and Y in case of (10). For simplicity, the labor demand

parameters are assumed to be the same for both skill groups. In addition,

37Controlling for bargaining pairs, union fixed effects are redundant.
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firms in each industry are treated as price-takers, with the implication
that p = B8 + n. Assuming a Cobb-Douglas technology, 8 and n can be
estimated directly from cross-sectional data on the shares of labor and
materials costs in industry shipments.38 Using this procedure, the
contract weighted average estimate of B for 44 industries is 1.67, while
the average estimate of n is 2.32.

For purposes of the model of wage indexation, the joint distribution of
output and input prices, alternative real wages, and the consumer price
index is summarized by the parameters rj, rop and rj, which represent the
population regression coefficients of innovations in each of the first
three series on innovations in the latter series. 1In lieu of observations
on alternative wages, the coefficient associated with the alternative wage
series is treated as a fixed parameter for each skill group. On the other
hand, differences across industries in the nature and composition of
outputs and inputs are a potentially important source of inter-—industry
differences in escalation provisions. Assume that log ¢, log ry, and log

pt are generated by a vector autoregression of the form:

38The share of labor in the value of shipments is (B-1)/(8+n), while
the share of materials is n/(B+n).
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(l4a) log pt = a] log pt-1 + ap log pt-2 + «.. + ak log pr—k + Vvt »
(14b) log 8¢ = by log 6¢_; + by log O¢_9 + «os + by log B¢y +

¢y log pg-1 + ¢2 log pg—2 + ..« + cx log pr_k + ujt »
(1l4c) log ry = e] log ry.] + eg log re—y + ... + e log re.i +

£} log pt—) + £ log pr—p + ... + fx log pr_x + ut »

where vi, ujt, and ujg are serially uncorrelated and jointly normally
distributed. In this framework, the coefficients ry and r9 have the simple
interpretation of elements of the covariance matrix of the innovations v¢,

ujes Upg, with r; = cov(ujye,ve)/var(ve), and rop = cov(ugg,ve)/var(ve).

A number of alternative strategies are available for the estimation of
riy and rp. Perhaps the simplest procedure is to estimate equations (14)

by least squares and then perform the auxilliary regressions

(15a) U1 =11 V¢ + &1¢
and
(15b) gy = 9 ¥t 4 £t »

using the estimated residuals ¥, ¢+, and Gy¢. Since the vector

autoregression contains exclusion restrictions, however, least squares
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estimation of equations (14) is not fully efficient. As an alternative to
least squares, a systems estimation scheme (maximum likelihood or a two-
step procedure) can be applied to equations (14), and rj and r) can be
obtained directly from the estimated covariance matrix of the system.39

Industry-specific estimates of rj and rp were obtained by applying (14)
and (15) to annual observations on industry selling prices (deflated by the
consumer price index) and implicit prices of intermediate inputs (similarly
deflated) by industry for the period 1963-1979.40 Across industries, the
correlation of r; and ry is strongly positive.41 The (contract weighted)
averages of rj; and ryp are .27 and .28 respectively. However, there is
somewhat greater dispersion in ry than rj. Higher values of both
coefficients are estimated for food processing, textiles, and pulp and
paper industries, whereas lower values of both coefficients are estimated
for machinery industries, aircraft and automobile parts and assembly
industries and electrical products industries.

Industry-specific estimates of the union markup of unskilled wage rates

(z1) were obtained by comparing wage rates of non-production laborers in

391In fact, comparisons of estimates of rj and ry from equations (15)
and from a two-step procedure reveal only minor dis crepancies.

40The choice of annual observations corresponds naturally to a model of
indexation in two year contracts. Strictly speaking, the model of Section
I. is appropriate only in the second year of a three year contract. For
simplicity, the distinction between contracts of different lengths will
be ignored.

41The contract weighted correlation of ri and rp is 0.76.
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each industry at a specific location with the average wage rate of non-
union laborers at the same location.#2 On the other hand, the union markup
of skilled wage rates is assumed to be constant across industries and equal
to 1.05. This approximation is roughly consistent with the smaller union
differentials for skilled as opposed to unskilled workers observed in U.S.
micro data,43 and with estimates of the union differential across
industries for selected skilled occupations in Canada. As expected, the
estimated union differential for unskilled workers is larger in soft drink,
brewery, tobacco, alrcraft, and motor vehicle industries. On the other
hand, the differential is smaller in textile and clothing industries and
negative in the furniture industry. The estimated differentials are
probably biased by the failure to control for labor force quality by
industry. Presumably, however, the general pattern of the differentials is
correct.

For the model of indexation with risk neutrality, the remaining
parameters of the escalation function are the elasticities of the

opportunity cost of labor functions of unskilled and skilled workers — €1,

42Mjicro-data studies of union relative wage effects are unavailable
for Canada. 1If the logarithm of the average wage rate in an industry
is a weighted average of the non-union and union wage rates, and if
the non-union wage rate is constant across industries, then the
industry-specific union markup is the difference between the log of the
industry average wage and the log of the non-union wage across all
industries, divided by the percentage of unionized workers in the
industry.

43gee for example Ashenfelter{2].
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and €9 respectively.44 These two, together with skill group specific
estimates of the correlation of alternative real wages with the consumer
price index (r3; and r39) are taken as fixed parameters in the regression
equation composed of (13) and (7a). For the model of indexation with risk
aversion, the parameters of the regression include vy, the index of owners'
risk aversion, dj and dj, the indexes of risk aversion of unskilled and
skilled workers respectively, and the correlations r3; and r3j. Estimation
results for the two alternative versions of the model are summarized in
Tables 2a and 2b. For each version, estimates are reported both including
and excluding contract signing date fixed effects in the regression, and
for two measures of the elasticity of escalation of average contractual
wage rates.

Turning first to the results in Table 2a for the model described by
equations (10) and (13), the similarities of the parameter estimates across
all four columns of the Table are immediately apparent. The estimates of
the index of relative risk aversion of owners are small and positive, but
statistically different from zero in every case. The estimates of d; are
an order of magnitude larger and also statistically different from zero,
while the estimates of dy are negative but not statistically different
from zero in any of the regressions., The estimated correlations of short

term movements in the alternative real wage rates of skilled and unskilled

bhThe parameter ¢ is not identifiable if r3 is unknown, and
¢1 = ¢2 =1 1s assumed.



Table 2a

Estimates of Equation (13):

Risk Averse Case

Dependent Variable:

e(0) e(s)
Signing Date
PFixed Effects NO YES NO YES
Included:
Parameter:l
Y .097 .066 .084 .071
(.032) (.032) (.035) (.036)
4 4,71 4,99 5.08 5,37
(1.72) (1.51) (1.92) (1.75)
dy —47 .40 ~.13 -.34
(.43) (.60) (A7) (.65)
31 -2 -.23 -.20 -.20
(.10) (.10) (.10) (.10)
T30 ~. 3 ~.29 -.37 -.33
(.15) (.16) (.17) (.18)
Residual S.E. 171 .160 .170 .158
R2 .19 .31 .20 .32
Likelihood 121.7 127.3 123.1 128.6
Ratio vs. Ind.
Fixed Effects
(sig. level)? (.001) (.001) (.001) (.001)

lStandard Errors in parenthesis.

2The reported significance level is an upper bound on the actual
significance level of the test.
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workers with movements in the consumer price index are both negative. The
correlation of skilled wage rates with the C.P.I1. is somewhat more
negative, indicating less nominal wage flexibility in the market for
skilled labor.

The signs and magnitudes of these parameter estimates imply that the
elasticity of the wage indexation schedule is determined by considerations
of risk sharing between owners, unskilled workers, and skilled workers.
According to the estimates, the desired wage escalator transfers some of
the risk of input and output market price shocks from the owners of the
firm to the skilled workers in the contract. Indexation provisions in
contracts dominated by unskilled workers are largely unaffected by the
characteristics of the input and output price shocks faced by the firm.
For representative values of the industry-specific parameters, the
coefficient of rj in the equation for the elasticity of indexation of
unskilled workers is in the range of .01 - .03, while the coefficient of
rp is in the range of (-.005 - -.015). 1In the corresponding equation for
the elasticity of indexation of skilled workers, however, the coefficient
of r; is much larger (between .15 and .20), and the coefficient of r9 is
correspondingly larger in absolute value (between -.08 and -.15).45 vUnder
the interpretation of the model, the cross-industry correlation of the

elasticity of indexation of average wage rates with rj and rp is attributed

45For example, with 8 = 1.58, n = 2.13, z; = 1.15, and with the
parameter estimates in the forth column of Table 2a, ¢; = .03,
cyp = -.02, ¢3 = .42 for unskilled workers, while c¢; = .20, ¢y = -.11,
and c3 = 1.30 for skilled workers.
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to the desired responsiveness of skilled wage rates to conditional
inferences of output prices and non-labor input prices, given the aggregate

price index.

While the parameter estimates of the model composed of (10) and (13)
are relatively precise, the explanatory power of the resulting regression
is not overwhelming. Excluding contract signing date fixed effects, the
regression explains about 20 percent of the dispersion in the log of the
elasticity of indexation of average wages. In combination with signing
date fixed effects, the proportion of explained variance is approximately
30 percent. The last line of Table 2a reports likelihood ratio statistics
for the model relative to an industry fixed effects regression. Assuming
that the model is correct, these test statistics are asymptotically
distributed as X2 variates with degrees of freedom not greater than the

number of estimable industry fixed effects.46 Even with this upper bound

46The relation between the fixed effects regression and the non-
linear model can be described as follows. The fixed effects regression
(FE) gives:

yij = 81 + €43,

where yj; is the elasticity of indexation of the jth contract in the
ith industry, 61 is the industry fixed effect, and €13 is an error
term. The non-linear model (NL) gives:

yij = £(x1,B) + €45,

where x; is a vector of exogenous variables specific to the ith
industry, and 8 is a vector of parameters of the non-linear model. The
restrictions imposed by NL on FE are

61 f(Xl,B),
) £(x9,B)5 ses o

If NL is correct, § lies in the range of a mapping from rP to RN, where p is
the dimension of B, and N is the number of industries. Elements of the
range of this mapping satisfy a set of at most N independent restrictions.
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on the degrees of freedom, however, the marginal significance levels of the
test statistics are less than one percent in all four columns of the Table.
These findings provide strong evidence that the industry pattern of the
variables 8, n, z;, 0, r]; and ry cannot fully account for the inter-

industry distribution of elasticities of indexation.

A summary of results for the risk neutral version of the model is
presented in Table 2b. Again the parameter estimates show remarkable
similarity across the columns of the Table. As in Table 2a, the estimates
of r37 and r3y are negative and statistically different from zero, with
r31 ranging from -.11 to -.14 and rj39 ranging from -.41 to —-.55. The
estimates of €; imply that the opportunity wage schedule for unskilled
workers 1s almost perfectly elastic. According to these estimates, the
desired elasticity of indexation of unskilled wage rates is independent of
the nature of the shocks to input and output prices faced by the firm, and
approximately equal to the coefficient r31.47 On the other hand, the
opportunity cost schedule for skilled workers is wupward sloping. As in
the casé of the risk—averse version of the model, the cross-sectional
relationship between measured elasticities of indexation and the signal
extraction coefficients ry] and r9 is attributed to the influence of skilled

workers in the contract.

47The coefficient of ry; for unskilled workers is c; = (B+n)/(B+ej). For
€1 of order 106, this coefficient is approximately 0. A similar result
obtains for the coefficient of ry. On the other hand, the coefficient
of r3 is e1/(B+]) 2 1.



Table 2b

Estimates of Equation (13):

Risk Neutral Case

Dependent Variable:

e(0) e(s)
Signing Date
Fixed Effects NO YES NO YES
Included:
Parameter1
e, x 106 9.69 4.63 10.3 2.58
(1720) (927) (2070) (L4o3)
€2 9.55 12.44 9,50 12,41
(2.55) (3.92) (2.46) (3.88)
P31 - 14 -.13 -, 12 -, 11
(.ob) (.05) (.05) (.05)
r32 -.52 =1 -.55 - 4y
(.11) (.11) (.11) (.11)
Residual S.E. .175 167 . 175 .166
R° .14 .25 15 .26
Likelihood Ratio 8.26 12,02 8.02 11.76

Linear term in z

(sig. level) 1

(.001) (.001) (.001) (.001)

Likelihood Ratio  134.8 143.1 134,14 14,2
vs. Ind., Fixed Eff.
(sig. level)e (.001) (.001) (.001) (.001)

1Standard Errors in parenthesis.

2The reported significance level is an upper bound on the actual
significance level of the test.
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A comparison of the estimated standard errors in the fifth line of
Tables 2a and 2b reveals that the risk averse version of the model fits
somewhat better than the alternative. The difference is due in part to
the impact of measured union wage differentials on the elasticity of
indexation. According to the risk-neutral version of the theory, the
elasticity of indexation is independent of zj. However, as the test
statistics in the second last row of Table 2b indicate, the addition of a
linear term in z; to the regression composed of (7a) and (13) leads to a
significant improvement in the likelihood of the sample. Contrary to the
model, the residual from the risk-neutral specification is significantly
correlated with the index of union wage differentials.

As with the risk averse version of the model, a comparison of the fit
of the regression composed of equations (7a) and (13) with an industry
fixed effects regression indicates that the former cannot account fully for
the industry pattern of escalation elasticities. Given the results in
Table 2a, this is a predictable short-coming of the model.

A more direct comparison of the two versions of the theoretical model
is provided by a non-nested hypothesis testing procedure. Following
Davidson and Mackinnon[3], suppose that the risk-averse variant of the

model is represented by:
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(16a) log e(s) = f(x,, §3) + uy ,
while the risk neutral variant is given by:
(16b) log e(s) = g(xp, 8p) + uy .

Here, X5 and x, are model-specific vectors of industry variables, Yy, and
Yn are parameter vectors, and u, and u, are normally distributed errors.
The functional forms implied by (10) and (13) are subsumed in f(xz. Y,),
while those implied by (7a) and (13) are represented by g(x,, Yn).48
Davidson and Mackinnon propose the following test of (16a) against (16b).
First, estimate (16b) by least squares, and form the predictions g(xp, 3,).

Then, estimate the artificially nested model
(17) log e(s) = (1-a) f(xg, 63) + a g(xpn, 3y) + u'y .

They show that under the null hypothesis that (16a) is the true model
generating the data, the least squares estimate of o in equation (17) has
an asymptotic normal distribution with mean zero. Furthermore, the
standar& error of this distribution is the probability limit of the
estimated standard error from the regression. These facts permit a
remarkably simple test of (l6a) against the specific alternative of (16b),

based on the t-statistic for a from the artifically nested regression.

481n fact, Xg differs from x, by the addition of the variable z;.
The elements of &, are vy, dj, d9, r3], r32. The elements of &, are

€1> €25 T3], T32.



Table 3

Non-Nested Tests of Risk Averse and

Risk Neutral Versions of the M'ode11

Maintained Assumption:

Risk Averse Risk Neutral
(1) (2) (3) ()
Signing Date
Fixed Effects NO YES NO YES
Included:
Estimate of o -.57 -1.16 1,01 1.01
(asymptotic t- .87 1.51 5.87 5.66

ratio)

lThe dependent variable in each case is log e(s).
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Results for this testing procedure are presented in Table 3.49  For
simplicity, only the estimates of o and their asymptotic t-ratios are
reported. The first two columns give the test results with the risk-averse
model as the maintained bypothesis and the risk-neutral model as the
alternative., In the last two columns, these roles are reversed. The tests
are performed both excluding and including contract signing date fixed

effects from the maintained and alternative models.

The estimated coefficients and t-ratios suggest that while the risk
averse model cannot be rejected against the risk neutral version, the
opposite conclusion is not true. 1In fact, the estimate of a is almost
exactly 1.0 in the last two columns of the Table. Although the
distribution of a is unknown when the maintained hypothesis is incorrect
and the alternative is true, it is clear that estimates of o around 1.0
might be expected under such circumstances. Thus the non-nested hypothesis
testing procedures provide further against the risk neutral specification
of the model, and in favor of the risk averse version with a constant

opportunity cost of employment.50

49The dependent variable in each case is log e(s). Results for
log e(o), the log of the elasticity of indexation relative to real
wage rates at the start of the contract, are essentially identical
to those reported in Table 3.

50yhile these two models are not nested, the risk neutral version
with € and €9 large is equivalent in the limit to a risk averse version
in which y = d; = d9 = 0. Since the estimate of €; is essentially infi-
nite, and the estimate of €9 is large, the estimated risk neutral version
is fairly close to a restricted version of the alternative.
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Conclusions

This paper has presented a theoretical model of wage indexation and
described the results of fitting the model to a sample of escalated
contracts from the Canadian manufacturing sector. These results are
moderately supportive of the theory, although they indicate some major
difficulties with the model itself and with its empirical implementation.
Specifically, while the contract data are not grossly inconsistent with the
implications of the theory, it is clear that the theory does not by itself

provide a complete description of the data.

In the first iﬁstance, observed indexation provisions are considerably
more complex than allowed by the the theoretical set-up. Any empirical
model of automatic wage adjustment in long term labor contracts must
ultimately come to grips with non-proportional indexation, contingent and
non—-contingent wage increases, and shared indexation provisions. For the
most part, these aspects of observed escalation clauses have been ignored,
and cos£ of living allowance clauses have been summarized in terms of a
single number, based on the marginal elasticity of average contractual wage
rates at the start of indexation. While the elasticity of indexation is of
considerable practical interest, especially in a macroeconomic context, a
complete model of wage escalation should provide insights into the other
structural aspects of indexed contracts.

Within the narrow domain of modelling the contract distribution of
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elasticites of indexation, the theoretical framework is still not rich
enough to fully describe the data. For example, the signing date of the
contract is a significant determinant of the elasticity of indexation, even
controlling for the effects of specific bargaining pairs. While in
principle this fact could be explained by temporal instability in the
parameters of the theoretical model, a test of this hypothesis will require
considerable further research. At the same time, the variables identified
by the model as determinants of the elasticity of indexation do not
completely account for the dispersion in industry-average elasticities of
indexation. However, whether this is a result of measurement error in
these variables or an inadequacy of the model is not determinable, More
sophisticated measures of the variables in the model would undoubtedly

increase the level of confidence in the empirical findings.

In spite of these shortcomings, the model does provide several insights
into the determinants of the elasticity of indexation in observed labor
contracts. Each of the variables in the model, including the elasticities
of laboﬁr demand with respect to real wages and non-labor input prices, the
proportion of skilled workers in the production labor force of the firm,
the relative union wage gap for unskilled workers, and the correlations of
short term movements in output and input prices with the C.P.I., have a
significant influence on the elasticity of the contractual wage escalator.
Furthermore, the directions and magnitudes of their influences are

consistent with the implications of the theoretical model. In particular,
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they are consistent with a model of risk sharing between owners and workers
in which owners receive partial insurance from the shocks to input and
output prices, at the same time as workers receive partial insurance from

shocks to alternative real wage rates.

While it would be premature to claim that such a model forms the basis
for the contractual arrangements observed in a large sector of the North
American labor market, the findings in the paper suggest that there may be
some empirical support for this contention. In view of importance of long
term contracts for the performance of the economy and economists' policy
prescriptions, the goal of obtaining an empirically acceptable theoretical

interpretation of labor contracts remains an important one.
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Appendix A

This Appendix presents a general derivation of the elasticity
of indexation when both owners and workers are risk neutral. Suppose

that the preferences of a typical worker are represented by:

a1 110« g L - c(L,a) ),
where c(L,a) has the interpretation of the cost of employing L workers
when the alternative real wage is a. If c(L,a) = Egi a? Le—l/€ . then

the marginal cost of employing one more unit of labor in the contract

/e

is a¢ L . Suppose that the profit function of the firm is given by

A2 n(e,r,w,p) = B%T oM (w/p)l-B o,

Differentiating with respect to the real wage rate, the employment
demand schedule is:
L=o" wp) B .,
With some simplifications, the first order condition for w(p) is given
by:
wy (e+B)/e _ B ¢ u/e -n/e
A3 (E) = (gzproop) BC a'|p) E(67 " [PEC™ (D) .
Taking the limit as € » =, with ¢ = 1, this expression reduces to equation
(6) of the text. Taking logarithms of A.3 and rearranging slightly, we
obtain:

B

€
e+B B+hT0

de/(e+B)
c1B |p)

AL 1og(g) = (===)log( :I) + log E(a

) + 10g B(OY (B |5y 1 105 BTV () ) |

where use is made of the fact that



E(x)1° = B(x%)
if x is lognormally distributed. Finally, using the fact that

Slog E(yalx) _ s SE(log v|log x)
dlog x Slog x

if x and y have a joint lognormal distribution, and the expressions for
the conditional expectations presented in Appendix B, the elasticity

of indexation 1s:

- ge_
oz p B 1 TE T2 TEem T3 o



Appendix B

This Appendix presents a derivation of equation (9) in the
text. The first order condition (4) requires evaluation of

E( 8U/Sw |p) and E( &v(I)/8w |p) . Substituting from the definitions:

U =L/0 { u(wp) - ula) } +ua) ,

1-d

u(x) = X s

L
T3
and

I = e" (w/p)_8 rn,

the first of these expressions can be written as:

B.1 E( 8U/6u|p) = pLO 259 w0 B e p)
+ pLo (B} P B e D)
Using the definitions
n(e,r,w,p) = E%i " (w/p)t B >
and
v(I) = i%? T

the second of these is given by:
— —B=y(1-B). - -1

B.2 B(8v(I) /6| D) = = & {gZg} ™" (/) P IE) g(p =)Dy

Substituting B.1l and B.2 into the first order condition gives:

B.3 22 o) PR p) 4+ ) PR e )

= h1,0 (i:g)‘Y(g)‘B“Y(l—B)E(eU(l—Y)rn(Y-l) |p).



If log x and log y have a joint normal distribution with mean

vector 0, var(log x) = ci, var(log y) = Oi, and cov(log x, log y)

=P 0, Oy, then:

E( y(S | x) = exp{ &p Ix log x + x 62 02 (1—02) } .
Oy 2 y

Using this general expression and the notation in the text, we
obtain:

2 2

B.4 E( 6" | p) 1€ of (l—pi) }

=

exp{ ur; log(p/B) +

exp{ m + s } o,

E( v p) = expl-nr, log(e/8) + 3 n° o5 (1-03) }
= exp{ m, + s, Yo,
B(at™d p) = exp{<1-d)r3log(p/3)+ %(1-d)go§(1-p§)}

exp{ ms + s, o
Substituting these into B.3 and simplifying, we obtain:

. 1-B-d, ,w\—d B ,wy-1
B.5 (_T:a_)(ﬁ) exp{m1+m2+sl+sg} + Tza(ﬁ) exp{ml+m2+m3+sl+sz+sg}

1 W = (1_8) . 2

= h0(==) (H7Y - -

hL (1—8) (p) exp{(1~y) (m,+m,)+(1 Y) (sl+52)}

If y=0 it is clear that the terms in M5 Moy Sl, and S, cancel in

equation B.5, and the wage function is independent of ry and roe Iso-

lating the term hLO(I%E)Y on the right hand side of B.5 yields:

B.5a (1:§:9><g>Y<1‘B>‘d

=3 exp{y (my+m, ) +y(2-=y) (s +s,) }

135 e exp{Y(ml+m2)+m3+Y(2-Y)(sl+32)+83}



Differentiating B.5a with respect to p gives:

B.6

where

and

1 1~-d (W, Y(1-B)-d
1_3(35 - 5) A + 5Y<r1+r2)(_1:5_) (5) exp { ¥}
+ 50r(epim ) (82 (T erp wam rs )
=0.
_ (Y(1-8)=d wyy(1-d)-a-1__.
A = <—-r1:a7‘>(1-3'd><5)Y expl ¥ }

+ (UB=hypcyY-h)-2

S exp{ ¥+ m, + s, } ,

3 3

&
[

— )
Y(m1+m2) + v(2 Y/(Sl+82)

With some simplification, this expression yields equation (9) in the

text.



