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Abstract

This paper presents a simple efficiency wage model to explain the transmission from
exogenous productivity shocks to levels of economic activity. Higher real wages and rising
unemployment induce workers to increase their effort. The disciplining effect of unemploy-
ment on the effort level has an upper and a lower limit. ’Mild’ productivity shocks
produce unemployment fluctuations within these limits, so that firms will change the real
wage rate to keep effort constant. ’Wild’ shocks hit these limits so that the disciplining
effect becomes invariant to changes in unemployment, and real wages are held constant by
the firm. By-and-large, the impact of mild (wild) shocks on the production level is
mitigated (reinforced). Finally, the economy with profit-maximizing firms is compared with
the economy where firms are managerially controlled and managers seek to maximize
output.

JEL code: E24, E32, J41.

1 I am indebted to Eric Bartelsman, Casper van Ewijk, Henri de Groot, Anton van Schaik,
Harald Uhlig, and an anonymous referee for helpful suggestions. Of course, any errors are
my own responsibility.
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1. Introduction

In a recent paper by Caballero, Engel, and Haltiwanger (1995), it is empirically shown that

firms adjust labour input to large shocks proportionally more than to small ones. Employ-

ment fluctuations are either large or approximately nil, suggesting the presence of non-

convexities in the adjustment technology. This paper presents a simple static model to

explain that the firm’s employment decision is a kinked function of exogenous disturban-

ces. Basically, the model makes use of standard efficiency wage theory extended to

include unemployment as a disciplining device. The intuition being that workers are

motivated to increase their effort when firms offer higher wages or when the threat of

becoming unemployed is higher. To distinguish between mild and wild fluctuations, an

upper (lower) limit on the effort supplied by workers is imposed as unemployment rises

above (falls below) a certain exogenous level. In less formal terms, the width between

these limits can be interpreted in terms of explicit or implicit labour contracts, norms of

behaviour, and the physiological and psychological features of human life. Mild move-

ments generate unemployment fluctuations within the corridor where employees can react

to changes in unemployment. A small rise in unemployment will induce workers to

increase their on-the-job effort, or - alternatively - enables firms to lower the wage rate to

keep effort constant (in this paper the effort level is found to be constant when firms

maximize profit income). The firm’s reaction to mild productivity movements is basically

a change in real wages whereas employment variations are small. Unlike these mild

fluctuations, wild shocks produce unemployment swings beyond the corridor so that the

disciplining effect is fixed at its upper or lower extreme value. In that case, the firm will

drastically change labour input while keeping wages constant. By-and-large, the economy

shows strong employment variability while real wages are held fixed. The distinction

between unemployment swings inside and outside the corridor where workers can be

disciplined can thus replicate the empirically observed employment pattern reported by

Caballeroet.al. (1995).

Section 2 introduces the model and derives the solution for profit-maximizing firms. In

section 3 the reaction of the economy to productivity shocks is studied. The fourth section

considers the managerially controlled firm where management and ownership are
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separated, so that managers have discretion to pursue objectives other than profit maximi-

zation. More specifically, managers are taken to be output maximizers. Again, the

economy’s response to productivity shocks is analyzed. Section 5 briefly concludes.

2. Profit maximization

This section introduces the model and derives the solution for the economy where firms

maximize profits. There are two factors of production: labour and some fixed factor, say

organization talent. The fixed factor is set at unity. Labour has some specific features.

Firstly, labour effort is not exogenously given, as commonly assumed by mainstream

economic theory. Instead, workers have to be motivated to supply effort according to an

efficiency wage model. The higher the wage rate offered by firms, the more effort will be

supplied by the employees,ceteris paribus(cf. Akerlof, 1982). Secondly, labour effort not

only depends on the wage rate but also on the unemployment rate in the economy. A

higher unemployment rate induces workers to increase their effort in order to stay on the

job. Or, alternatively, at a higher unemployment rate firms can lower their wage payments

required to induce a constant labour effort. This could be called the disciplining effect of

unemployment. A microeconomic foundation of the disciplining effect of unemployment is

offered by Shapiro & Stiglitz 1984, Bulow & Summers 1986, Layardet.al. 1991, and

Phelps 1994. I will follow Van de Klundert (1990) by postulating a macroeconomic

relation between effort and unemployment. Thirdly, this disciplining effect of unemploy-

ment is limited. When unemployment rises, labour effort will increase (ceteris paribus) but

this process eventually comes to an end. Alternatively, effort declines when the unemploy-

ment rate falls but this effect is limited. Outside the corridor, workers supply a maximum

or minimum effort level at a given wage rate.

The aggregate production level,y, depends only on aggregate employment ( ) and the

effort by workers (e). Production technology is given byy=y(e ), ye>0, y >0, yee<0,

y <0, where subscripts denote partial derivatives. An increase in effort or labour input

raises the production level (the first two derivatives are positive), but their marginal

contribution declines (the last two derivatives are negative). The effort by workers depends

on the wage rate (w) and the unemployment rate (u). The efficiency wage relationship is
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given by e=e(w,u), ew>0, eu>0, eww<0, euu<0. An increase in wages or unemployment

induces a higher effort by employees, but the marginal impact declines. Moreover, the

impact of the unemployment rate as a disciplining device is only present in a certain range

of the unemployment rate. The disciplining effect no longer works when unemployment

falls below u’ or rises aboveu". The efficiency wage relation becomes invariant to

changes in the unemployment rate once these borders are passed. This is illustrated in

figure 1. The production process is described by the following equations:

(1)

(2)

Figure 1: The efficiency wage relation

In eq. 1, the productivity indexε is determined by nature.α is the production elasticity of

labour and is between zero and one. In the efficiency wage relation,a1 and a2 are positive

and γ1,γ2 are positive and smaller than one. The unemployment rate is the difference
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between labour supply and demand as a fraction of labour supply. Labour supply is

constant and normalized to 1, sou≡1- . Firms maximize profits (π) by optimally choosing

real wages and labour demand. Sinceπ≡y-w (where prices normalized to one), the first

order conditions for a maximum boil down to

The marginal revenue of labour is equalized to its marginal cost by the first condition. The

(3)

(4)

typical firm is assumed to be small in the sense that it takes the unemployment rate in the

economy as given. The second condition says that the marginal benefit of wages on

production (through its effect on effort) should equal its marginal cost. Substituting the

first FOC in the second and combination with the production function gives the well-

known Solow condition:ew=e/w. After rearranging, the optimal wage rate set by the firm

is

Firms pay higher wages when the conversion cost of potential into actual labour force is

(5)

higher (i.e. a1 higher,a2, γ1, γ2 lower), and when unemployment is lower. When fluctuati-

ons are wild,i.e. at unemployment rates outside the range fromu’ to u", the wage rate is

fixed at its upper or lower value. Substitution of eq. 5 into the efficiency wage relation eq.

2 gives the constant optimal effort by employees:e*=(a1γ1)/(1-γ1). The effort level is

constant under optimal firm policies because two offsetting effects exactly cancel: an

increase in unemployment elicits a higher effort at the side of employees and a reduction
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in the optimal wage rate which exactly offsets the effort increase. This convenient

property stems from the particular functional form of the efficiency wage relation.

3. Productivity shocks

Now we can turn to the issue of efficiency wages and the business cycle. This section

shows the relationship between exogenous shocks in aggregate productivity, the discipli-

ning effect of unemployment, and the propagation of these shocks to the level of economic

activity. Solow (1979) argued that the real wage rate is probably more important to

workers than the unemployment level since the number laid off is mostly only a small

fraction of total employment whereas the wage rate affects all workers. It is therefore

natural to assume thatγ2<γ1. More specifically, to derive the labour demand function it is

necessary to chooseγ2=(1-α)γ1 as a specific parameter constellation. Combining the first

FOC and the optimal solution forw and e gives, after rewriting, labour demand as a

function of the state of the economy:
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This relation is illustrated in figure 2 where the productivity index fluctuates around 1.2

(6)

’Mild’ movements in the productivity index generate unemployment fluctuations within

the range where employees can be disciplined. Inside the corridor, firms can decrease the

wage rate so that labour demand is not seriously affected when times are bad. In good

times, firms have to pay higher wages to elicit a constant effort so that employment

doesn’t increase rapidly. This is illustrated by the relatively flat line aroundε=1. ’Wild’

fluctuations go beyond the regime in which the disciplining effect of unemployment is

operating, so that employees no longer react to changes in the economic environment.

Wages are fixed at their upper or lower value. When times are very bad, employees

cannot further increase their effort so the optimal wage rate becomes insensitive to the

state of the economy. Firms thus only can produce efficiently by firing their employees up

to the point where their marginal product equals the constant wage rate. Alternatively,

when times are very good, employees don’t further decrease effort and the optimal wage

rate is set at the upper value. Since labour is very productive, profit maximizing firms set

labour demand very high to equalize its marginal product to the marginal cost. Both

situations are illustrated in the figure by the two parallel steeply upward sloping segments.

When ε is extremely high, all workers are employed and labour demand becomes supply-

constrained. Only in this extreme situation labour demand coincides with the full employ-

ment situation in the basic neoclassical model, given in figure 2 by the ++-line.

2 All figures are drawn for the following parameter constellation:α=0.7, a1=0.15, a2=1,
γ1=0.5, γ2=0.15.
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Figure 2: Employment as a function of technology

Combining eq. 5 and 6 gives the relation between the real wage rate and the productivity

index, illustrated in figure 3. A mild positive (negative) productivity shock lowers (raises)

unemployment and firms need to pay higher (can pay lower) wages to keep effort

unchanged. The disciplining effect ceases to operate in case of large productivity move-

ments, so that wages become invariant to the state of the economy. Wages are flexible

when shocks are mild, but are fixed in case of wild shocks. As before, the basic neoclassi-

cal relation is given by the ++-line.
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Figure 3: The real wage rate as a function of technology

Substitution of expression 6 in the production function gives output as a function of the

productivity index:

Figure 4 illustrates the impact of technology shocks on the production level in the

(7)

economy. When shocks are mild, in the region fromε=0.95 to ε=1.05, employees can

adapt their effort in response to a technology shock. Labour demand and output are thus

less sensitive to the state of affairs in the economy; the slope ofy as a function ofε is

relatively flat. Alternatively, when fluctuations are wild, unemployment swings are outside

the corridor where effort can be affected and wages are fixed by the firm at their upper or
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lower value. Firms respond to changes in the productivity parameter by forcefully

changing their labour demand. The effects of technology disturbances on the production

level are magnified through the absence of wage flexibility. The ++-line reflects the basic

neoclassical response to shocks in the technology parameter. Employees can always find a

job by bidding down the wage rate until the labour market is in equilibrium. Wages are

thus always set at their market clearing level. The Cobb-Douglas specification of the

production process thus generates a linear relation betweeny and ε. Both lines only

coincide in the extreme case that labour demand becomes supply-constrained.

Finally, figure 5 shows the production per worker as a function of the technology

parameter. Production per worker moves procyclical with the state of the economy when

shocks are mild. Within the corridor, mild productivity movements produce behavioural

reactions in the sense that workers adapt their effort supplied. In turn, firms will change

the wage rate offered to their employees so that employment movements are small.

Production fluctuations are larger than employment movements so that production per

worker is procyclical. Production per worker becomes acyclical (constant) when producti-

vity movements are large. In that case, wages are held fixed by the firm and employment

moves in a one-to-one relation with production,i.e. production per worker is constant. In

the extreme situation whereε becomes very large, employment becomes supply-constrai-

ned and the economy behaves like the neoclassical economy, given in the figure by the

++-line.
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Figure

4: Production as a function of technology shocks

Figure 5: Production per worker as a function of technology shocks
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effect on

deep recession mild recession,
normal times,
mild expansion

strong
expansion

real wage rate 0 -,0,+ 0

employment -- -,0,+ ++

production -- -,0,+ ++

production per
worker

0 -,0,+ 0

Note: 0 = constant, -(+) = fall (rise), --(++) = strong fall (strong rise)

Table 1: Summary

The basic findings of this section are summarized in table 1.

4. Output maximization and productivity shocks

Until now it was implicitly assumed that firms are owner-controlled,i.e. the firm manager

and the owner are the same type of individual. The owner-manager thereby has an

incentive to maximize profit income. In this section managers and firm owners are distinct

types of agents. Managers might therefore have discretion to pursue objectives other than

profit maximization, such as size, power, status, and security (cf. Marris 1964, Scott

1991). The solution for the case when managers maximize production is derived in this

section. Moreover, to illustrate the maximum attainable production level, managers are

assumed to coordinate their employment decision in order to internalize the unemployment

effect. The manager’s problem can be written as

such that

(8)
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The manager maximizes the production level by optimally choosingw and . Since the

partial derivative ofy to w is strictly positive, the manager setsw at its maximum value in

the optimum so that all income accrues to labour,i.e. w =y. The manager sets labour

demand according to the first order conditiony =0:

This condition says that the (positively defined) elasticity of the effort level with respect to

(9)

labour input, -e /e, equals unity in the optimum. A 1% increase in leads to a 1%

decrease ine so thate is constant,i.e. the solution for corresponds to a maximum for

e . We now have a system of three equations and three unknowns:

Eq. a follows directly from the conditionw =y, b follows from the efficiency wage

relation, eq. 23, and c follows from the first order condition, eq. 9. Combination of a & c,

b & c, respectively gives

3 Since the FOC (eq. 9) implies that the partial derivative ofe with respect to is positive,
only the specification ofe in which the unemployment level appears can support an
interior solution. Boundary solutions are not considered in this section.



-13-

These two equations can be interpreted as the highest wage and the efficiency wage that

(10)

(11)

are consistent with the FOC for a maximum. They are illustrated in figure 6. The solution

is found at the point were both curves intersect.4 This figure can be used to study the

sensitivity of the solution to shocks in the productivity index. Sinceε only appears in eq.

10, productivity shocks only shift one curve. In figure 6, eq. 10 is drawn forε=0.95 (’bad

times’), ε=1 (’normal times’), andε=1.05 (’good times’). The solution for is approxima-

tely invariant to shocks in the productivity index. By-and-large, the manager’s response to

changes in the productivity index is a change in the real wage rate. Since the unemploy-

ment rate is approximately invariant to the state of affairs, the managerially controlled

economy will in general be situated within the corridor where workers can be disciplined.

However, noa priori statements about the intensity of output movements can be made

since effort is not constant. The distinction between mild and wild productivity movements

seems no longer relevant in the context of the disciplining effect of unemployment. A

similar type of corridor could be introduced by imposing minimum and maximum real

wages (but this goes beyond the scope of the paper).

4 Although there are two intersection points in figure 6, the maximizing manager will always
choose the one at the right.
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Figure 6: The managerially controlled firm

The system of eq. 10 and 11 can be solved by using a simulation package. Forε=1, the

outcome is characterized by an effort level of 0.44, which is almost three times higher

than the prevailing level in the economy where firms are owner-controlled. Labour

demand is 0.83, so 17% of the labour force is unemployed in the managerially controlled

economy which is 9%-point higher than in the owner-controlled economy. The real wage

rate is 0.59, which is almost three times as high as in the managerially controlled case.

The higher effort level outweighs the lower employment rate, and production in this

economy is 0.49, which is almost twice as high as in the previous section.5

Comparative statics shows that labour demand in the managerially controlled economy is

5 The solution is not driven by our earlier assumption that managers and firm owners don’t
receive any income. When, for example, a compensation scheme for firm owners is
introduced, condition II changes intow ≤y-c, where c stands for the compensation
payment to the owners. Accordingly, the first equation from the simultaneous system
rewrites to w=εeα α-1-c/ . Owners are exactly compensated for their income loss whenc
equals profit income in the owner-controlled economy,i.e. c=αy or c=0.3*0.25. In that
case the solution is:e=0.35, =0.82,w=0.41, andy=0.42. Workers then receive an income
of 0.34. Again, effort, wages, and production are higher in the managerially controlled
economy.
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rather insensitive to changes in the parameter constellation (results are not reported).

Depending on the specific set of parameters, labour demand can be higher or lower than

the corresponding solution in the owner-controlled economy.6 The effort level and the real

wage rate are more sensitive to the specific parameter choice, but are always higher in the

managerially controlled economy for the investigated parameter ranges.

Equilibrium unemployment is in general inefficient when firms maximize profits (cf.

Shapiro & Stiglitz 1984). On the one hand, employment is too low since firms see the

private cost of an additional worker asw, while the social cost is zero (in the absence of

any disutility of effort). On the other hand, employment tends to be too high since one

firm imposes an externality on others when it raises its labour demand. A smaller

unemployment pool weakens the disciplining effect so that real wages have to rise to keep

effort constant. Which of the two effects will dominate depends on the specific parameter

constellation. So when output is taken as a rough proxy for welfare (ignoring the welfare

losses due to the provision of extra effort or the distress of being unemployed), the

economy where managers seek to maximize the size of the firm in terms of total output,

taking into account the effect of their employment decision on the weakening of worker

discipline, is better off than the economy where managers are profit maximizers and don’t

coordinate their employment decision.

5. Conclusion

This paper presented a simple efficiency wage model to explain the transmission from

exogenous productivity shocks to levels of economic activity. The effort level supplied by

employees is determined as the outcome of an interactive process between (a) workers and

firms and (b) workers and the unemployed. Higher real wages and rising unemployment

induce workers to increase their effort. The partial effect of unemployment on the effort

level is assumed to have an upper and a lower limit. ’Mild’ productivity shocks produce

6 Simulations were run for different values ofa1 and a2 in the efficiency wage relation. The
solution for labour demand in the managerially controlled economy is not very sensitive to
changes in these parameters for the investigated ranges. However, the solution for the
owner-controlled economy strongly depends on the specific parameter choice: higher
values fora1 (a2) correspond to lower (higher) employment rates.
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unemployment fluctuations within these limits, so that firms will change the real wage rate

to keep effort constant. ’Wild’ shocks hit these limits so that the disciplining effect

becomes invariant to changes in unemployment, and real wages are held constant by the

firm. By-and-large, the impact of mild (wild) shocks on the production level is mitigated

(reinforced).

The proposed model might help to explain the ’employment variability puzzle’ (cf.

Danthine & Donaldson 1993, Stadler 1994): employment is almost as variable as output

and strongly procyclical, while real wages are at best mildly procyclical. This business

cycle fact can be replicated by the model when the width between the upper and lower

limit on the disciplining effect is not too large. Employment along a typical business cycle

will strongly vary (cf. the steeply upward sloping segments in figure 2), while real wages

will mostly be fixed at their minimum or maximum value (cf. the horizontal segments in

figure 3). However, the simplicity of the model doesn’t allow us to treat empirical issues

in more depth. One of the reasons is that hiring and firing costs are assumed away in this

paper. The model might be enriched by allowing for labour hoarding (cf. Burnside,

Eichenbaum, and Rebelo 1990).

Finally the managerially controlled firm is considered, and it is shown that managers

seeking to maximize production pay higher wages to their employees. In turn, workers

increase their effort. Although employment can be lower in this type of economic

organization, production is in general much higher than in the owner-controlled economy.

Several suggestions for future research can be made. Firstly, the efficiency wage model

can be put into in a dynamic framework (cf. Kimball 1989, Phelps 1994). Secondly, a

robust microeconomic explanation for the efficiency wage relation is crucial for further

development of the model. Thirdly, the interdependency between economic activity and

productivity shocks should be made more explicit. This question of orthogonality is the

key element in the discussion on the interaction between economic growth and fluctuati-

ons.
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