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Introduction

Limited-participation models generally require agents to have high labour-
supply elasticities to reproduce the high variation of employment and low
variation of real wages over the business cycldis assumption, however,

is at odds with microeconomic evidence indicating that labour-supply elas-
ticities for workers are usually lowMany researchers have suggested that
incorporating labour market frictions into this type of model may help the
model account for the behaviour of wages and employment without having
to rely on assumptions that are at odds with the microeconomic estimates.
This paper examines whether embedding imperfectly observed effort into a
standard limited-participation model can help the model reproduce the
behaviour of wages and employment over the business cycle. This friction is
chosen in part because of the empirical evidence in support of the shirking
efficiency wage theory in the United States and Cahada.

1. See, for example, Christiano, Eichenbaum, and Evans (1997); Gust (1997); and
Rotemberg and Woodford (1996).

2. According to studies such as MaCurdy (1981), Card (1991), and Pencavel (1986), the
labour-supply elasticity of males is near zero in the United States.

3. For example, see Gera and Grenier (1994), Blanchflower and Oswald (1994), and
Campbell (1989) for the Canadian evidence, and Alexopoulos (2000) and Katz (1986) for
an overview of the U.S. evidence.

* The author would like to acknowledge helpful comments from Marty Eichenbaum,
Larry Christiano, Angelo Melino, Tricia Gladden, Marco Bassetto, Gadi Barlevy, and
Scott Hendry, and funding from the Connaught Fund and the Social Science and Research
Humanities Council of Canada.
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The monetary business cycle model examined in this paper has three main
features: (i) households make nominal savings decisions before seeing the
values of the period’s shocks; (ii) firms only imperfectly observe their
workers’ effort levels; and (iii) detected shirkers forgo a bonus. The first two
features are common in limited-participation models and Shapiro-Stiglitz
(1984) style shirking efficiency wage models, respectively. However, the
assumption that detected shirkers forgo a bonus is a departure from the
standard Shapiro-Stiglitz efficiency wage model.

Papers such as Alexopoulos (2000, 2002), Felices (2001), and Burnside,
Eichenbaum, and Fisher (2000) have explored how this type of model fits
the facts in the U.S. economy. This paper focuses on determining whether
this model has the ability to explain the presence of involuntary
unemployment and the behaviour of wages and employment in the Canadian
economy.

The findings suggest that the estimated versions of the model with
imperfectly observed effort generally produce smaller variations in wages
alongside large variations in employment than the standard limited-
participation model. Moreover, in contrast to the standard limited-

participation model, the new model’s ability to produce large employment
variation alongside small wage variation does not depend on high levels of
markups or large labour-supply elasticities. The model with partial income
insurance produces lower wage variation and larger employment variation
than the model with full income insurance. However, both versions of the
efficiency wage model can reproduce the wage and employment variation in
Canada better than the standard limited-participation model once capital
adjustment costs are introduced.

In addition to being able to reproduce the wage and employment behaviour,
the model’s responses to technology shocks, as well as monetary and fiscal
policy shocks, are qualitatively consistent with empirical evidence in the
United States and Canafl&ollowing a contractionary monetary policy
shock, real output, employment, consumption, investment, profits, and real
wages fall, and interest rates rise. Moreover, following an expansionary
fiscal policy shock, output, employment, and investment increase, while real
wages, consumption, and prices fall. These qualitative responses do not
depend on the nature of risk-sharing arrangements between workers.
However, the amount of risk-sharing available to agents affects the
magnitudes of the responses. For example, in response to a monetary policy

4. See Christiano, Eichenbaum, and Vigfusson (2002); Ramey and Shapiro (1998);
Edelberg, Eichenbaum, and Fisher (1998); Christiano, Eichenbaum, and Evans (1997,
1998); and Sims and Zha (1996) for the U.S. evidence, and papers such as Cushman and
Zha (1997) and Fung and Gupta (1997) for Canadian evidence.
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shock, the model with partial income insurance produces a much larger
employment response and a smaller real-wage response than the model with
full income insurance.

All efficiency wage models start with the premise that wages affect a
worker’s productivity. However, the reason for the link between wages and
productivity differs across the various types of efficiency wage models. In
my model, and in models following the Shapiro and Stiglitz (1984) tradition,
the link between a worker's wage and a worker’'s productivity emerges
because the firm can only imperfectly observe employee éffbierefore,
when making decisions about effort, wages, and employment, firms take
into account their workers’ incentive-compatibility (IC) constraints. In
equilibrium, firms will offer workers wages and effort levels that ensure that
the workers voluntarily provide the optimal effort level.

Shirking efficiency wage models have a number of attractive features. First,
they are compatible with positive levels of unemployment, since the optimal
wage chosen by firms may not induce them to hire all workers in
equilibrium. Second, employment fluctuations represent changes in the
number of people working, as opposed to changes in the number of hours
worked per person when there is equilibrium unemployrfeffhird,
employment and wages are determined by the labour-demand curve and the
individuals’ IC constraints when there is unemployment. Therefore, the
behaviour of wages and employment does not depend on the elasticity of the
labour-supply curve. Fourth, the model is consistent with evidence
suggesting that the prevailing wage rate is inversely related to the level of
unemployment.

The model’s features give rise to the possibility that introducing a shirking
efficiency wage friction into a standard business cycle model may help the
model reproduce the behaviour of wages and employment without relying
on a high labour-supply elasticity. For example, in a simple efficiency wage
model, such as the one presented in Solow (1979), firms choose to offer
workers a real wage that is rigid across periods, and unemployment is
involuntary. If firms want to increase the size of their workforce in this
model, they can simply hire additional employees at the prevailing wage
from the pool of unemployed workers. Since employment responds to
market conditions while wages are unaffected, this simple model produces

5. Inthis environment, it is assumed that the monitoring technology is imperfect. This may
occur because no perfect monitoring system exists or because the cost associated with
implementing a perfect monitoring system is too high for its adoption to be profitable.

6. Lilien and Hall (1986) report that most of the variation in employment hours is
accounted for by changes in the number of people employed.

7. See Blanchflower and Oswald (1994).
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the same responses as a simple neo-classical model with divisible labour and
individuals who have infinite labour-supply elasticity.

Encouraged by the predictions of Solow’s simple efficiency wage model,
papers such as Danthine and Donaldson (1995), Gomme (1999), and
Kimball (1994) have examined the predictions of general-equilibrium
Shapiro-Stiglitz shirking efficiency wage models. Following in the tradition
of Shapiro and Stiglitz (1984), their models assume that individuals are fired
if they are detected shirking on the job. In general, these authors find that
their models are unable to generate high employment variation and low real-
wage variability. These results are attributable to the assumption that firms
fire detected shirkers. Therefore, this paper incorporates imperfectly
observable effort into a monetary model where individuals who are found
shirking on the job forgo a portion of their possible pay for the period (i.e., a
bonus or a raise), instead of being dismissed.

There are two main reasons why this alternative “monetary punishment” is
of interest. First, the evidence presented in Agell and Lundborg (1995),
Malcomson (1998), Hall (1993), and Weiss (1990) suggests that firms more
commonly rely on this type of “monetary punishment” to discipline workers
than on outright dismissal. Second, if firms punish detected shirkers by
withholding a bonus, firms can punish shirking workers even when there is
full employment in the economy. Consequently, a model with this monetary
punishment does not embed the same powerful forces leading to strongly
procyclical wages and weakly procyclical employment at low levels of
unemployment as do models with the traditional Shapiro and Stiglitz
dismissal punishment.

In section 1, | describe the limited-participation model with imperfectly
observed effort and a monetary punishment. In section 2, | outline the results
for the estimated versions of the model and the empirical implications for
the model’s second-moment properties of wages and employment for
Canada. | present the estimated model’s responses to technology, monetary
and fiscal policy shocks, and compare them with the existing evidence on

8. In the model where firms fire detected shirkers at the end of the period, firms must
increase the wage paid to workers as the economy moves towards full employment. This
occurs because the decrease in the expected duration of unemployment causes the
punishment associated with being dismissed to approach zero. This implies that the IC
constraint becomes infinitely steep in the model as the unemployment rate approaches zero.
Since wages are determined by the intersection of labour demand and the individual's IC
constraint, changes in labour demand lead to large changes in the number of people
employed and small changes in real wages at low rates of unemployment. Consequently,
the model predicts that wages are highly procyclical.

9. This environment is similar to those seen in Alexopoulos (2000); Burnside,
Eichenbaum, and Fisher (2000); and Felices (2001).
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the economy’s responses to these shocks. | then compare the results for the
model with imperfectly observed effort with results obtained from a
standard limited-participation model with divisible labour. Finally, |
conclude and suggest areas for future research.

1 The Model

The description of the model in this section closely follows the model
outlined in Alexopoulos (2002? The economy has six sectors: the mone-

tary authority, the financial intermediaries, the government, families and
individuals, the final good firms, and the intermediate goods firms.

1.1 The monetary authority

Each period, the monetary authority increases the economy’s money supply
by transferring X; units of money to the financial intermediaries. The
growth rate of moneyx, , is defined by

_ xt _ Mt+1_Mt
Xt - MI - T—y

where M, is the nominal stock of money at the beginning of petiod , and
X; is the amount of the monetary injection. Here, the money stock is
assumed to be measured by M2, axd is the realization of an AR(1)
processt!

Xp—Hy = px(Xt—l_ux) * &yt

where p, is the mean growth rate of money, ang is a serially
uncorrelated process with mean zero and standard devagfiéh

1.2 Financial intermediaries

At the beginning of each period, the continuum of perfectly competitive
financial intermediaries receives nominal deposids, , from families to

10. Alexopoulos (2002) explores whether a monetary shirking efficiency wage model can
explain the observed behaviour of real wages and employment in the U.S. economy.

11. See Christiano, Eichenbaum, and Evans (1998) for a discussion of how a model that
uses this exogenous policy is related to a model where monetary policy follows an
endogenous policy such as the Taylor rule.

12. This assumption is consistent with the findings of Christiano, Eichenbaum, and Evans
(1998), who indicate thax, follows an AR(1) process if the money stock is measured
by M2.
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invest for the duration of the period. Aftdd, is deposited, the financial
intermediaries receive the lump-sum monetary injectiofq, , from the
monetary authority.

| assume that intermediate goods firms borrow funds from the financial
intermediaries to finance their wage bill at a gross interest Rite, , as in the
standard limited-participation model. It follows that the economy’s loan-
market clearing condition is:

L, = D+ X, )

wherelL, is the total amount of funds demanded by firms in time pdriod
and D, + X, is the supply of loans available. At the end of each period, the
intermediate goods firms repay their loans with interest, and the financial
intermediaries distributeR, + D,  to the households in return for their

deposits andR, + X, in the form of profits.

1.3 The government

Each period, the government purchasés units of the final good. The
government finances its purchases by levying lump-sum taxes on families.
This implies that the government’s peribd budget constraint is:

G, < Tax,

where Tax is the amount of lump-sum taxes collected. Since all families
are identical in the model, each family is assumed to pay the same amount
of taxes.

1.4 Families and individuals

In models with unemployment, when individuals’ incomes are not fully
insured, their incomes are heterogeneous. If an agent can transfer wealth
across time periods, his savings decision then becomes dependent on his
entire work history. To isolate the role of the imperfect observability of
effort and to facilitate a comparison of my model to the standard limited-
participation model, | make assumptions that guarantee that the workers’
problems will be homogeneous. Specifically, | assume that workers belong
to families13

13. Pastresearch has presented two other approaches that ensure that agents’ problems are
homogeneous. The first method fully insures workers’ incomes against unemployment.
The second method introduces entrepreneurs into the model. In this case, it is assumed that
entrepreneurs are allowed to save and accumulate capital, but workers are not. Versions of
my shirking limited-participation model that use these different structures do not yield
significantly different results from the model with the family structure.
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The economy is populated by a large number of families, each of which
contains a [0,1]-continuum of infinitely lived individuals. Individuals do not
directly own assets in this model. Instead, it is assumed that each
individual's family owns an equal portion of the capital stock, as well as
equal shares in the intermediate goods firms and the financial intermediaries.
The funds a family receives from its assets are used to pay taxes, invest in
capital goods, and purchase some consumption goods for family members.

1.4.1 A representative family

Each period, the family chooses how much to invest in capltal, , how
much family consumption to purchasq , how much cash to deposit in
financial intermediariesD,; , and how much money to carry into the next
period, M,,, . Consistent with the limited-participation constraint, the

family chooses the level of nominal deposits before the values of the
period’s shocks are revealed.

After the shocks are revealed, the family pays taXes , and purchases
and ct , using their beginning-of-period money hOIdlnMS[/P , and their
return on capital,r,K, . Since profits and the return on deposits are
distributed to the family at the end of the period, these funds are unavailable
for purchasing period goods. This implies that the family’s cash-in-
advance constraint and money holdings are given by:

P.cl <M,—D,—PTax+PrK,~Pl,, )

Miyq = [Mt_Dt_Ptth —PTax + Ptrth_PtltJ
+R[D;+ X{] +PR. (3

Here,PR andR;X; denote the profits from intermediate goods firms and
financial intermediaries in periad , respectively. Since the family distributes
ctf among the members before firms hire employees, each family member is
provided with an equal amount.

As in the standard limited-participation model, it is assumed that the family

faces adjustment costs whenever they alter their stock of capital or their flow
of funds to the goods market. These adjustment costs are similar to those
used in Christiano and Eichenbaum (1992a) and Christiano and Fisher
(1998), and cause the effects of monetary policy shocks to be persistent. In
particular, it is assumed that each individual spends a portion of his or her
leisure time reorganizing the family’s purchases, if the flow of funds to the

goods market changes. Moreover, the capital-adjustment costs imply that the
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end-of-period capital stockK,,,; , is determined by the following
technology:
1
V] V] v
Kiv1 = [Vllt +V2Kt} - (4)

Here, |, is the amount of period investments 1 determines the cost of
adjusting the capital stock, ar)g ~ agg  are positive constants. Similar to
the adjustment costs in Christiano and Fisher (1998), yand  are chosen
so that the steady-state values of the rental rate of capital and investment are
invariant to the level ob . This implies:

y, = 8 Y andy, = (1-98) ,

where & is the depreciation rate of capital. When= 1 , equation (4)
reduces to the conventional linear capital-accumulation equation.

1.4.2 Family members

Although individual family members do not have direct access to financial
or capital markets, they receive some consumption that is financed by their
family’s return on financial and capital investments throudh . Family
members can increase their consumption levels aquR/e by seeking
employment from the intermediate goods firms. All intermediate goods
firms are assumed to have identical production technology. As a result, all
firms will offer workers the same wage and require the same level of effort.
Since effort is imperfectly observed by the firms, if a worker is hired, that
worker must decide whether to provide the level of effort specified in the
contract.

Each worker who is hired by an intermediate goods firm receives a one-
period contract. This contract specifies the real-wage rate the worker can
earn,w, , the number of hours an employee must wbrk, , and the effort level
the firm requires from the workee, 14All workers receive a fractions , of
their wage bill up front. However, the final payment (df — s)w, f is paid
only to workers not disciplined for shirking. Workers all know that if they
shirk, firms will detect them with probability < 1

In addition to the level ofctf provided by the family, unemployed family
members can purchase extra consumption using the transfer they receive

14. To reduce the amount of notation, the subscript that identifies the different firms is
omitted here, since all firms are identical and will choose the same values.
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from their family’s employment insurance fund, provided that they do not
reject a job offer. To finance this family-run insurance program, each
employed family member is required to transfer a lump sé&pn, , to their
family’s employment insurance fund. The total amount collected is then
distributed among the unemployed family members during the period. The
existence of the employment insurance ensures that individuals who are
unemployed will not suffer a large drop in consumption. In this paper, |
examine two different risk-sharing arrangements, partial income insurance
and full income insurance, to determine the sensitivity of my results to the
amount of insurance provided to individuals.

1.4.3 The worker’s problem

Employed workers’ consumption levels are determined by the level of their
family’s consumption benefit:ar;tf , and their after-transfer wage income,
w, —F,, while the consumption of the unemployed workers is determined

by the level of their families’ consumption benefitgf, , and their transfer
from the family insurance fund. This implies thet , the consumption of
non-shirking workers and shirkers who are not detectefl, , the
consumption of the detected shirkers, ag , the consumption of the
unemployed are:
ct:ctf+wtf—Ft, (5)
¢ = ¢ +swf-F,, (6)
O
Y N, . o :
¢ Oc + F, if the individual had no job offer,
¢ =0 1-N, ()
0
B th if the individual rejects a job offer,

where N, represents the total number of family members employed in
periodt . Individuals’ utility levels are then described by the function:

u(Cy, &) =In(Cy) + OIn(T -9 (& >0)(T& +&))—BIn(L + H(Q, Q;_1)). (8)

wherec, is the realized value of the individual's consumpti&gn, is the level
of effort provided to an employefl, is the individual’s time endowmént,
is the disutility associated with providing any effort, abi¢l) is an indicator
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function that equals 1 whe® >0 , and equals O othersEhe term
—-8In(1+H(:,-)) reflects the assumption that each individual spends a
portion of his leisure time,

H(.,.)
1+H(,)’

involved in reorganizing the household’s flow of funds to the goods market.

This assumption guarantees that unemployed family members will spend
more time reorganizing the flow of funds to the goods market than their

working counterparts in equilibrium. Here, it is assumed that:

_.0 0 ] 0% §]_ oM
H = L=t 1 - —1-x8 -2
Qv Q- %EBXp[alth_ ) XD} * ex'{ g, XD} 0

whereQ, = M,-D, . 9)

Therefore, when there are no changes in the flow of funds to the goods
market, no adjustment costs are incurred.

After the shocks are realized, all family members attempt to find employ-
ment. In the case where firms set wages above the market-clearing level,
only a portion of the workers will receive offers of employment and there
will be unemployment in equilibrium. Family members who are offered jobs
must determine: (i) if they will accept the job; and (ii) whether they will
abide by the terms of the contract. Since workers who reject job offers are
ineligible for the employment insurance transfer, workers will always accept
job offers in this economy. Moreover, the level of effort supplied by a
worker is:

E d
0 &0
Op et EH%G €
Detlfets?%l—D—SD 0"
. O o U o
& =10
0 S
0 (.18
DOifetz%‘L—m—;D E—%
. o &Ho

15. Since firms do not perfectly observe effort, they also do not observe whether
individuals incur the cosf
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Therefore, an individual will provide the required effort if his IC constraint
is satisfied, i.e., if

u(c, &) = du(c, 0) + (1—d)u(c, 0) (IC).

1.4.4 The family’s problem

Each period, firms hireN, family members. Of these workeN§ are
shirkers who exert no effort on the job, ahj—N;  are non-shirkers who
each exert an effort level o& . Given the utlllty function of each of the
fam|ly members, the form of the adjustment costs, and the definitions of
c;, andc, , the family’s problem can be expressed as:

0 0
w  O(N,=dND)In(c,) +dNFIn(c) + (1 —N)In(c,) 0
. max EoZBtD < A . E
{e! Kpap Mysp, DY o 02 7 g+ (N=NDBIN(T = £8 = &) + (1= (N, =N;))8In(T)g
%—6In(1+H(Qt,Qt_l)) E

subject to equations (2) through (4), where:

F o= (1-Npsw f under partial income insurance
! (1-Npw, f under full income insurance '

Oooo0oa

In equilibrium, the cash-in-advance constraint holds W|th equality and firms
offer workers wages that induce no one to shirk (||‘€Iet =0 ). Therefore,
the family’s Euler equations for deposits and capital can be writtéh as:

|

OPen  HU(QLQy) Hy(Qrs 1 Q)
O tO— - i
I LI N NS T IC )

Ei_10 [P
th+ 1|:| Hl(Qt+1v Qt) Hz(Qt+21 Qt+ 1)
PRI TR s PP, 0L

o o
1
o

o

and

16. Itis assumed that families do not believe that their choices can affect the employment
probability of their members. This assumption is made for simplicity. See Alexopoulos
(2001) for a more complex model that yields the same allocations.
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K, T 0t TR, 08
where
1—-N
U ¢ = _t+ t
(o C C;J

O Q O

O ex [a D—t—l—stJ O

Caay 0 P Mg, 0 o

Hl(Qt’ Qt—l) = =00 O

Qt_l%—exp[—a al D—1—x3} E

0 Q4 0

H,(Qu Q1) = -H(Qu Qo) 53—

Q_
5 v-1 2
| _ i) v-1
a—K—t:r—l_é (K t+1 -(1- 6)K) KtJrl
al v-1 14
Ul o 5V (K, ,—(1-8)KL, ;)  (B-D1KIS.
0Ky 1

1.5 Final good firms

In the economy, the final goodyY, , is produced and sold to agents by
perfectly competitive final good firms. These firms produée by com-

bining the output of the continuum of intermediate firms according to the

following production function:

=i

Here, Y, represents the input from € intermediate firm in petiod
andl<u <o is ameasure of substitutability between inputs. This implies
that a representative final good firm faces the following problem in period
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1 _u
1 1ou
max P [ PyYy distY, = {Iovi‘: di} :
Yt' {Yit}o
where P, is the price of the final good, arijj, is the price of tHe

intermediate good at time . The Euler equations from this problem define
the demand functions for the output of the intermediate goods firm:

e
v, = v L

tDP g

This implies that the demand for firits product is increasing in the level of
aggregate outputy, , and decreasing in the price of its intermediate good,
P;; . From the demand equations and the zero-profit condition, it follows that
the price of the final good is:

1 (1-p)
@’ Pl udl}

1.6 Intermediate goods firms

The intermediate goods are produced by a [0,1]-continuum of monopolistic
competitors, where the"  intermediate good is produced according to the
following production functior:’

1-a

= AKG((N,—N3)fé,)

Here,0<a <1, N;, NIt , andK;; denote the number of workers hired, the
number of shirkers hired, and the amount of capital rented in pdriod by

firm i, respectively, andA; is the level of technology, where
INA; = (1-pp)INA+ paInA_;+E, ,-1<pp<1, ande, , is a seri-
ally uncorrelated process with mean zero and standard dewagon . This

function implies that a firm must receive a positive level of effective labour
from its workers for production to occur. Each labourer hired by a firm
works a fixed shiftf , and provides an effective labour unit inputf &f ,
provided the worker does not shirk. The firms rent capital in a perfectly
competitive factor market after the values of the shocks are realized, and
entry and exit into the production of intermediate gobod are ruled out.

17. This form of the production function takes into account that non-shirking workers will
provide an effort level o&,; , while shirking workers provide zero effort.
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After the shocks are observed, firms publicly advertise how many workers
they want to hire, as well as the wage they are willing to pay hired workers
and the required effort level from each worker. According to the contract,
workers know that they are guaranteed a base salasypf if they accept
employment® Furthermore, they know that they will receive an additional
payment of(1-s)w; f if they are not detected shirking on the job, and
detected shirkers are detected with probabdlity1 19 20

Once the employees are hired, each firm borrows its nominal-wage bill,
Pwi, fN;; = W, fN,;, from the bank at the gross interest ratg,
Although the firm possesses the funds to pay its entire wage bill before the
workers begin production, the firm chooses to withhold a fract{dn; s) ,
of the funds. This shows the firm’s intention to pay the workers while

making the punishment for shirking credible.

After production takes place, the output is sold to the final good firms. The
firms then pay households for the rental of capital and repay their bank loans
with interest. Any remaining funds are then distributed in the form of profits
to the families at the end of the period.

A representative intermediate goods firm, hiring identical workers, faces the
following problem in period

(P w mNaxK e}{Pit(AtKg(feitNit)l_a)_RtPtWithil_PtrtKit}’
it Wits Nits Kig,

it

subject to the period-by-period demand functions:

B K
1 1- 1
Pil: (AtKiOt((feitNit) O()_Ptu Yy =0,

18. Inthis models is assumed to be an exogenous parameter. However, the model delivers
the same results as a model where: (i) there is a restriction on the minimum value of , (e.g.,
a legal restriction or an industry norm); and @) is chosen endogenously by firms. Since
firms in this case would set  to its lowest possible level, the exogenous parasneter in the
model presented in the paper can be considered this minimum value.

19. In this case[1-s]w;; can be interpreted as a bonus that is paid only to non-
disciplined workers.

20. Firms are assumed to never “cheat” by withholding a bonus from a non-shirking
worker. This assumption is made for simplicity. The results in this paper are unaffected if
the model instead assumes: (i) there are continuing matches between workers and firms that
break up with an exogenous probability; (ii) firms get a reputation as bad employers if they
do not pay the bonus to non-detected shirkers; (iii) workers will not provide effort to bad
employers because they believe that bad employers will fail to provide them with their
bonus; and (iv) there are reasonable levels of markups in the economy.
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and the period-by-period IC constraints and individual rationality (IR)
constraints:

u(Gy, &) 2 du(cy, 0) + (1 —d)u(cy, 0) (IC),

u(c,, &) 2u(g, 0) (IR).

Here,u(-,-) denotes the representative worker’s utility for the perqd, is
the effort level specified in the contract, aggl ¢;  , ajld  are the levels of
consumption for a non-disciplined worker, a detected shirker, and an unem-
ployed individual, respectively. Furthermong,  denotes the real-wage rate
offered by the firm, and, is the real rate of return on capital.

The IC constraint defines the relationship between effort and wages, since
the form of the family’s employment insurance implies that the IR constraint
does not bind in equilibrium. Using the definitions @f  ag{l  in equi-
librium (i.e., equations (5) and (6)), the IC constraint implies that effort is a
function of the real wage, the price level, and the intrafamily transfers:

g T U

0 o
4038 o
g i g

[er]foN

-1
—h |

(W) =

The Euler equations from the firm’s problem imply:

e, (W.,)w.

i (W) Wiy = 1 (the Solow condition)
€ (W;)

Ylt(l_a) t

it = fw.R

Nlt u P|t t

ﬁg = ir

Kit 1 Pit !

The Solow condition demonstrates that the firm’s choices will minimize the
cost per unit of effort. Given the individuals’ utility function, the Solow
condition implies that, in equilibrium, wages will be chosen by firms to
ensure that:
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C U —d
—'St = constd ¢ = %El—(const) GD—§ =e.
Cit O o f

Since all of the intermediate goods firms have identical technologies and all
workers are identical, all firms choose to offer the same wages and required
effort levels to workers. The Euler equations also imply that the firm
chooses to set its time  price equal to a constant markup over the period’s
marginal costs:

Pi; = UMC;;.
Finally, the equilibrium demand for funds can be expressed as:
! .
L, = _[OWithitd' ,

since firms borrow funds from the financial intermediaries to finance their
wage bills,L; = D, + X; , and no one shirks in equilibrium.

2 The Empirical Results

To estimate the model, growth is introduced by adding an exogenous labour-
augmenting technology to the production function as follows:

_ o, t .~ 1-a
Yie = AKi(y N F&) ,

wherey = :Lt . In addition, government expenditures are assumed to evolve according
to G, = y exp(gt)., where g, = (1—pg)p,g +PgGi_1tEg o —1<py<1,

and g, , is a serially uncorrelated process with mean zero and standard
deviationo, #

To diagnose the performance of the model, | use a generalized method of
moments (GMM) procedure similar to the one described in Christiano and
Eichenbaum (1992b). The Canadian data are obtained from the OECD
guarterly national accounts, the OECD International Sectoral Database, and
Statistics Canad®.

21. When the process fg;  is estimated, | also include a tegm t , to capture the time
trend seen in the post-war data.

22. Adetailed description of the data is found in Appendix 1, followed by an outline of the
exactly identified GMM procedure, based on the Euler equations from the model with
technological growth, in Appendix 2.
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After the parameters and second moments are estimated, the model is tested
by: (i) comparing the estimated second moments from the data to those
computed from the model using a Wald test; and (ii) determining whether
the model's predictions about how the economy responds to shocks are
qualitatively consistent with the empirical evideRée2*

Not all of the model’'s parameters are estimated using the Euler equations.
The values forB3, T, f,&,6,v,a, , and, , are chosen to coincide with
values commonly seen in the literatépe:

B T f g ¢ v a a

.25
%3%0 1369 1 16 15 1 2 2

An additional assumption about the rat-(i:é is made to help identify the
ratio g , and the parameter ,inthelC cgrtlstraint. Here, this ratio is assumed
to be equal to 1.0526. This value is chosen to ensure that, given the estimated
value of%1 , the percentage of compensation that is given as bonus is
approximately 5 per cef The GMM procedure and the data are used to

estimate the remaining parameters:

23. This Wald test formally explores the hypothesis that the two sets of estimates are the

same in population and is discussed in detail in Christiano and Eichenbaum (1992b).

24. Only single hypotheses are tested given the problems associated with small sample
properties of GMM-based Wald statistics. See Burnside and Eichenbaum (1996b) for a

discussion of these problems.

25. Sincef only affects the scale of effort, it is normalized td@ Is chosen to coincide

with a time endowment of 15 hours per day per quader, represents a fixed cost of 10

minutes a dayp = 1 implies there are no capital-adjustment cagts, aand are set

equal to the values in Christiano, Eichenbaum, and Evans (19978 and 3 and are chosen
so that they fall in the range commonly seen in the literature. The main findings are robust

to small changes in the paramet&r$, v, a,, apd

C
26. The model’s sensitivity was assessed by varying the vaI&lg‘: of ,since thisvalueis

t C
never observed in equilibrium. In general, the findings indicate that small movemeéts in

Ct
have little effect on the model’s second moments and responses to shocks. The value of
(1 -s) is consistent with values reported for average bonus in surveys such as ICSA (2001),
which included Canadian companies.
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in the model, along with the second moments,

%‘i_c 96,,0,0 E
Izpy, y, 0y1 W’ n’ yD,

for the detrended dafd.The resulting parameter estimates for each case of
the limited-participation model with imperfectly observed effort (herein
referred to as the efficiency wage model) are reported in Tables 1 through 3
alongside estimates for a standard limited-participation model with divisible
labour for the cases where there are adjustment costs on cEphal.
examination of these estimates reveals that the majority of the predicted
values are similar to those commonly seen in the litera@%€he one
exception is found in the standard limited-participation model when
v = 0.8. For this case, the value of the markup and the estimate of are
outside the range usually seen in the literature. However, the finding that a
large markup helps the standard model reproduce the wage and employment
behaviour in the United States is discussed in Christiano, Eichenbaum, and
Evans (1998).

The estimated parameters for the efficiency wage models are virtually
identical to those in the limited-participation model, with the exception of
the values for@ ana‘éj 30 Thus, the differences between the models’

O
(o)

27. A, is estimated using the conditiofE(In(YY;) —A,—txIn(y)) =0 , argd is

estimated usmgthecondﬂmﬁ%n(GQ In(Y,) - InE0 = o

Eyl:l]
The data for the second moments are detrended using a Hodrick and Prescott (HP) filter
with A = 1,600.

28. The standard limited-participation model with divisible labour is based on Christiano,
Eichenbaum, and Evans (1997). See Appendix 3 for details.

29. For example, the estimated markup for the efficiency wage mpdel, , is similar to the
value of 1.2 reported by Hornstein (1993) and lower than the value assumed in models such
as Chistiano, Eichenbaum, and Evans (1997) (ues 1.4 ). In addition, the valme of
falls within the range [0.25,0.43] reported in Greenwood, Rogerson, and Wright (1995).
30. For the limited-participation model, the following parameters are estimated:

0 O
9.8 Tq g Pg Ty IN(A), P O Ay IN(Y,), a1 I %E Hoc WP O

where8 is the coefficient on leisure in the individual’s utility function.
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Table 1
Parameter estimates for the models
v=1
Estimates Estimates
Parameter Efficiency wage model Standard limited-
(P.1.I. Case) (F.I.l. Case) participation model
1l 1.2342 1.2690 1.2964
(0.0842) (0.0164) (0.0825)
InA 0.0534 0.0500 0.0025
(0.0148) (0.0106) (0.0106)
Pa 0.9264 0.9268 0.9272
(0.0153) (0.0147) (0.0148)
Op 0.0078 0.0078 0.0077
(0.0006) (0.0005) (0.0006)
Ay 0.0869 0.0869 0.0869
(0.0143) (0.0143) (0.0143)
In(y) 0.0026 0.0026 0.0026
(0.0001) (0.0001) (0.0001)
o 0.0151 0.0151 0.0151
(0.0008) (0.0008) (0.0008)
a 0.3272 0.3082 0.2933
(0.0460) (0.0101) (0.0449)
In o0 1.4575 1.4575 1.4575
V| (0.0084) (0.0084) (0.0084)
g 0.2338 0.2393 n/a
0 (0.0160) (0.0047)
0 n/a n/a 1.6060
(0.0922)
pg 0.9717 0.9717 0.9717
(0.0148) (0.0148) (0.0148)
Tg 0.0003 0.0003 0.0003
(0.0002) (0.0002) (0.0002)
Oy 0.0136 0.0136 0.0136
(0.0011) (0.0011) (0.0011)
Hy 1.5219 1.5219 1.5219
(0.0279) (0.0279) (0.0279)
Py 0.5529 0.5529 0.5529
(0.1121) (0.1121) (0.0761)
My 0.0240 0.0240 0.0240
(0.0026) (0.0026) (0.0026)
Oy 0.0131 0.0131 0.0131
(0.0023) (0.0023) (0.0023)

Notes: Standard errors in parentheses.
P.L.I. = partial income insurance; F.I.I. = full income insurance.
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Table 2

Parameter estimates for the models

Alexopoulos

v =09

Estimates

Estimates

Parameter Efficiency wage model Standard limited-
(P.1.I. Case) (F.I.l. Case) participation model
1 1.2524 1.2699 1.2716
(0.0915) (0.0487) (0.0825)
InA 0.0516 0.0499 0.0007
(0.0164) (0.0118) (0.0053)
Pa 0.9266 0.9268 0.9269
(0.0154) (0.0147) (0.0147)
Op 0.0078 0.0078 0.0078
(0.0006) (0.0006) (0.0006)
Ay 0.0869 0.0869 0.0869
(0.0143) (0.0143) (0.0143)
In(y) 0.0026 0.0026 0.0026
(0.0001) (0.0001) (0.0001)
o 0.0150 0.0150 0.0150
(0.0009) (0.0009) (0.0009)
a 0.3173 0.3077 0.3068
(0.0498) (0.0266) (0.0219)
In o0 1.4575 1.4575 1.4575
V| (0.0084) (0.0084) (0.0084)
g 0.2377 0.2400 n/a
0 (0.0168) (0.0095)
0 n/a n/a 1.6315
(0.0517)
Py 0.9717 0.9717 0.9717
(0.0148) (0.0148) (0.0148)
Ty 0.0003 0.0003 0.0003
(0.0002) (0.0002) (0.0002)
Og 0.0136 0.0136 0.0136
(0.0011) (0.0011) (0.0011)
Hy 1.5219 1.5219 1.5219
(0.0279) (0.0279) (0.0279)
Py 0.5529 0.5529 0.5529
(0.1121) (0.1121) (0.01121)
My 0.0240 0.0240 0.0240
(0.0026) (0.0026) (0.0026)
Oy 0.0131 0.0131 0.0131
(0.0023) (0.0023) (0.0023)

Notes: Standard errors in parentheses.
P.L.I. = partial income insurance; F.I.I. = full income insurance.
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Table 3
Parameter estimates for the models
v =0.8
Estimates Estimates
Parameter Efficiency wage model Standard limited-
(P.1.I. Case) (F.I.l. Case) participation model
1 1.2734 1.2695 1.5041
(0.0990) (0.0487) (0.1515)
InA 0.0496 0.0500 0.0274
(0.0165) (0.0136) (0.0174)
Pa 0.9269 0.9268 0.9310
(0.0151) (0.0147) (0.0129)
Op 0.0078 0.0078 0.0075
(0.0006) (0.0006) (0.0006)
Ay 0.0869 0.0869 0.0869
(0.0143) (0.0143) (0.0143)
In(y) 0.0026 0.0026 0.0026
(0.0001) (0.0001) (0.0001)
o 0.0148 0.0148 0.0148
(0.0009) (0.0009) (0.0009)
a 0.3058 0.3080 0.1800
(0.0538) (0.0426) (0.0825)
In o0 1.4575 1.4575 1.4575
V| (0.0084) (0.0084) (0.0084)
g 0.2420 0.2404 n/a
0 (0.0176) (0.0145)
0 n/a n/a 1.4274
(0.0991)
pg 0.9717 0.9717 0.9717
(0.0148) (0.0148) (0.0148)
Tg 0.0003 0.0003 0.0003
(0.0002) (0.0002) (0.0002)
Oy 0.0136 0.0136 0.0136
(0.0011) (0.0011) (0.0011)
Hy 1.5219 1.5219 1.5219
(0.0279) (0.0279) (0.0279)
Py 0.5529 0.5529 0.5529
(0.1121) (0.1121) (0.1121)
My 0.0240 0.0240 0.0240
(0.0026) (0.0026) (0.0026)
Oy 0.0131 0.0131 0.0131
(0.0023) (0.0023) (0.0023)

Notes: Standard errors in parentheses.
P.L.I. = partial income insurance; F.I.I. = full income insurance.
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predictions can, in large part, be attributed to the equations and parameters
that affect the labour market and adjustment costs.

Next, the models are solved using the estimated parameter values and the
linearization technique described in Christiano (1998), and the impulse-
response functions are computed for fiscal policy shocks, technology
shocks, and monetary policy shocks.

2.1 Fiscal policy shocks

Figure 1 depicts the shirking models’ responses to an exogenous increase in
government expenditures. Figure 2 illustrates the corresponding responses
for the standard limited-participation model. A comparison of these two
figures demonstrates that both of the models have the same qualitative
predictions for a positive government expenditure shock. In particular,
output, employment, investment, and interest rates all increase, while
consumption and real wages both decrease. However, neither of the models
can account for the observation, seen in Edelberg, Eichenbaum, and Fisher
(1998), that prices increase following an exogenous increase in government
expenditure.

Figure 1 also demonstrates that the form of the intrafamily transfer and the
adjustment cost on capital affect the size of the shirking model’s responses
to an exogenous fiscal policy shock. In particular, the full income insurance
case (— and —. lines) produces smaller movements than the partial
income insurance case (—+ — and —o - lines) in all variables except
consumption. Furthermore, comparing the model’'s responses wherl

with the responses of the model when= 0.8 , shows that an increase in
the capital-adjustment costs decreases the shock’s effect on all variables.
The largest difference can be seen in the efficiency wage model with partial
income insurance. When one compares Figures 1 and 2, it is evident that the
greatest increase in employment, output, and investment, and the greatest
decrease in wages and prices occur in the efficiency wage model with partial
income insurance.

The intuition behind these responses is straightforward. In the efficiency
wage model, an unexpected exogenous increase in government expenditures
initially decreases the amount of money spent on investment and family
purchased consumption, holding everything else constant. The faﬂJ in
translates into an increase in the relative consumption of a non-disciplined

C

worker to a disciplined Workeﬁ;
C

t
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Figure 1

The efficiency wage model’s
responses to a positive fiscal policy shock
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Therefore, at the previously given real-wage rate and effort level, the utility
of a non-shirker is strictly higher than the expected utility of a shirker at this
new level of th . To prevent workers from shirking, firms lower the real

wage offered to workers to the point where workers are once again indif-
ferent between providing effort and shirking, i.e., to the point where

Ct
— = const
G

At this new lower wage, the marginal product of labour exceeds the
marginal cost, so firms optimally increase the number of workers they hire.
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Figure 2
The standard limited-participation
model’s responses to a positive fiscal policy shock
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Since the equilibrium effort level remains the same and the number of
effective labour hours increases, output rides.

The increase in output has two effects. First, it causes the price of the final
good to decline. Second, it causes both the current and expected return on
capital to rise. The decrease in prices and the increase in the return on capital
allow each family to increase the amount of goods they purchase. However,
the precise effect of these changes gh depends on how investment
responds to the shock. For example, when the rise in government
expenditures is persistent, families invest more in capital goods because of
the large increase in the expected future return on capital. In this case, most

31. Thisis feasible as long as the economy initially contains enough unemployed workers
to meet the firms’ extra demand.
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of the increase in the family’s purchasing power is devoted to investment,
and the change iCl[f is small.

In practice,ctf decreases in the model because of the size of the increase in

investment and taxes. As a result, real wages decline and firms hire more
workers in response to the shock. This causes output to increase and prices
to decline. Finally, interest rates do not initially respond to the shock
because the level of nominal deposits is determined in advance of the shock
and there is no increase in the stock of money.

2.2 Technology shocks

Figure 3 displays the efficiency wage model's responses to a shock that
increases the level of technology by 1 per cent, and Figure 4 displays the
same responses for the standard limited-participation model. These figures
show that, in both models, a positive technology shock causes prices to
decrease and all other variables to incre#séigure 3 demonstrates that:

(i) limiting the amount of income insurance available to agents will increase
the employment and output responses; and (ii) increasing the costs of adjust-
ment on capital dampens the positive effect of the shock on output, employ-
ment, and investment, and increases the effect of the shock on wages and
consumption. A comparison of Figures 3 and 4 highlights the differences in
the magnitudes of the models’ responses. | find that in the efficiency wage
model, the price decrease is larger, real wages increase slightly less, and the
employment, output, investment, and consumption responses are generally
larger.

These responses follow from the fact that a positive technology shock
increases both output and the marginal product of labour for firms in the
efficiency wage model. The increase in current output has two effects. First,
it decreases the price of the final good, which causes an increase in the
purchasing power of the family’s cash balances, ceteris paribus. Second, the
increase in production causes the real return on capital to rise. Both of these
effects allow the family to purchase more consumption and investment
goods. The induced changedp  then alters the punishment associated with

C
being detected shirking through its eﬁectésn , since:
C

32. These responses are common in the literature and have been supported by evidence in
Christiano, Eichenbaum, and Vigfusson (2002). However, papers such as Basu, Fernald,
and Kimball (1999) and Gali (1999) have suggested that technology improvements may, in
fact, be contractionary in the short run and expansionary only in the long run.
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Figure 3
The efficiency wage model’s
responses to a positive technology shock
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In addition to the change intf caused by the change in output, a positive

technology shock also increases the expected future return on capital since
the shock is persistent. This induces the family to increase their investment
in capital goods, thereby dampening the effects of the increasgin and

the decrease i, og, .However, the results suggestc{hat increases in
response to a technology shock.

Firms respond to the rise in the level of family consumption purchased by
increasing wages to dissuade workers from shirking. This, in turn, increases
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Figure 4
The standard limited-participation model’s
responses to a positive technology shock
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the marginal cost of labour. In practice, however, the increase in the
marginal product of labour is larger than the increase in the marginal cost of
labour. Therefore, the models predict that, following a positive technology
shock, output, employment, consumption, investment, and wages increase,
while prices decrease. Finally, the model also predicts that the interest rate is
initially unaffected, because the money stock is unaffected by the shock and
the level of deposits is initially fixed because of the limited-participation

assumption.

2.3 Monetary policy shocks

Figures 5 and 6 display the impulse-response functions of the efficiency
wage and limited-participation models for an expansionary monetary policy
shock. Despite the fact that both models are consistent with the qualitative
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results outlined in Christiano, Eichenbaum, and Evans (1997) and Sims and
Zha (1996), they differ with respect to their quantitative responses. Figure 5
demonstrates that the magnitude of the efficiency wage model’s responses
depends on the form of the intrafamily transfer, and a comparison of
Figures 5 and 6 highlights the differences between the responses in the
efficiency wage model and the standard limited-participation model. The
partial income insurance case produces the least inflation, the smallest real-
wage response, and the largest output, consumption, employment, and
investment responses, compared with the full income insurance case and the
standard limited-participation model. Moreover, these figures show that
increasing the costs of capital adjustment lessens the increase in
employment, output, and investment in response to a positive monetary
shock, and increases the real-wage response.

In the monetary efficiency wage models, an unexpected increase in the stock
of money initially has two effects. First, financial intermediaries have more
funds to lend to firms. In response, the financial intermediaries lower the
interest rate on loans to induce firms to borrow the excess funds. Everything
else held equal, this decrease in the interest rate lowers the firms’ marginal
cost of labour. Since profit-maximizing firms choose employment to equate
the marginal product of labour to the marginal cost of labour, the decrease in
the marginal cost of labour causes firms to expand the size of their labour
force. In turn, this increases the economy'’s output and the return on capital.

Second, the increase in the stock of money puts upward pressure on prices,
if the response of output is small. This is seen clearly from the goods market
clearing condition where:

1

PY, = M, +X,).

t't _ED( t t)
u0l

It follows that an increase in the price level causes the family’s purchasing
power to decrease since their cash balances can now buy less. Moreover,
this decrease in purchasing power affects both family consumption and
investment.

The effect of an expansionary monetary policy shocko@n is generally
uncertain. For example, if families choose to reduce capital investment
enough in response to the shoab{, may increase overall, despite the
decrease in purchasing power. If this occurs, the punishment associated with
being detected shirking decreases, and firms must raise wages in order to
maintain the same effort level in equilibrium. The increase in wages raises
the marginal cost of labour for a given interest rate and causes firms to
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Figure 5
The efficiency wage model’s responses
to a positive monetary policy shock
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decrease the number of workers hired, all else being equal. Depending on
the magnitude of the increase(uﬁ , the real wage could increase enough to
offset the effect of the decreasing interest rates on the marginal cost of
labour. However, in the estimated versions of the model, it is clear that

employment rises following the positive monetary policy shock.

2.4 TheJ-test

Tables 4 to 6 present the Wald tests that formally explore the hypothesis that
the second moments from the estimated models are the same in population
as the second moments estimated from the data. The results clearly indicate
that the efficiency wage model is better able to produce low real-wage
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Figure 6
The standard limited-participation model’s
responses to a positive monetary policy shock
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variation and high employment variation. The lowest real-wage variation
and highest employment variation are obtained from the efficiency wage
model with partial income insurance. Increasing the cost of adjustment on
capital decreases the employment variation and increases the wage variation
in both models. The results also show that the standard limited-participation
model also needs a higher adjustment cost on capital to capture the second
moments of interest. Both models have the best fitfor 0.8 . However,
unlike a standard model, the efficiency wage model does not require a high
markup or a high labour-supply elasticity when= 0.8

Conclusions

This paper develops a monetary business cycle model where: (i) individuals
make nominal savings decisions before observing the period’s shocks;
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Table 4
Second moments
v=10

o) (o} )

e ~ -2 o, Oy o,
Moment Oy Oy Oy
Canadian data 0.8674 29587 09445 0.0085  0.0110  0.0135

(0.0501)  (0.3916)  (0.1265)  (0.0011)  (0.0012)  (0.0015)
Efficiency wage 0.2687  4.6308  0.6752  0.0286  0.0064  0.0263
Partial income insurance (0.0297)  (0.9045)  (0.1119)  (0.0061)  (0.0011)  (0.0041)
p-value 0.0000  0.0919  0.0921  0.0016  0.0074  0.0040
Efficiency wage 02830  4.9895  0.6945 0.0273  0.0072  0.0255
Fullincome insurance  (0.0300) ~ (0.3247) ~ (0.0689)  (0.0036)  (0.0006)  (0.0024)
p-value 0.0000  0.0000  0.0571  0.0000  0.0021  0.0000
Standard limited 0.3885  5.0222 10895 0.0126 00113  0.0163
participation (0.0448)  (0.8796)  (0.1031)  (0.0021)  (0.0017)  (0.0014)
p-value 0.0000  0.0328 03114  0.1011  0.8830  0.1767
Table 5
Second moments
v =09

g [of ()

== — = o, Oy o,
Moment oy oy oy
Canadian data 0.8674 2.9587  0.9445  0.0085  0.0110  0.0135

(0.0501)  (0.3916)  (0.1265)  (0.0011)  (0.0012)  (0.0015)

Efficiency wage 0.5834  3.6206  1.0145 0.0165 0.0097  0.0175
Partial income insurance (0.0602)  (0.4973)  (0.1038)  (0.0029)  (0.0016)  (0.0016)
p-value 0.0009  0.3000  0.6309  0.0141  0.5319  0.0722
Efficiency wage 0.6007  3.7061  1.0438  0.0158  0.0102  0.0170
Fullincome insurance (0.0350) (0.3045) (0.0900) (0.0022) (0.0010) (0.0012)
p-value 0.0000  0.0771  0.4520  0.0045  0.5437  0.0895
Standard limited 0.6654  3.6281 13301  0.0091 00120  0.0133
participation (0.0327)  (0.2442)  (0.1088)  (0.0012)  (0.0011)  (0.0009)
p-value 0.0012  0.1434 00055 07702 05518  0.9221
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Table 6
Second moments
v=08

g g; ()

e ~ -2 o, Oy o,
Moment Oy Oy Oy
Canadian data 0.8674 29587 09445 0.0085  0.0110  0.0135

(0.0501)  (0.3916)  (0.1265)  (0.0011)  (0.0012)  (0.0015)

Efficiency wage 0.7898  2.9948 12046  0.0135 0.0113  0.0145
Partial income insurance (0.0670)  (0.3166)  (0.1199)  (0.0025)  (0.0016)  (0.0012)
p-value 0.3851  0.9426  0.0951  0.0807  0.8935  0.5405
Efficiency wage 07931 29754 12393 0.0127 00114  0.0143
Fullincome insurance  (0.0520) ~ (0.2546)  (0.1075)  (0.0022)  (0.0013)  (0.0010)
p-value 0.2840  0.9661  0.0470  0.0916  0.8134  0.6751
Standard limited 0.9973  3.7253 13823 0.0103  0.0164  0.0128
participation (0.1094)  (0.5692)  (0.1405)  (0.0017)  (0.0031)  (0.0011)
p-value 0.3111  0.2786  0.0076  0.4027 01170  0.7220

(ii) a worker's effort level is only imperfectly observed by firms; and (iii)
detected shirkers forgo an increase in their compensation. The first two
assumptions are common in limited-participation models and shirking
efficiency wage models, respectively. However, the assumption that detected
shirkers forgo a raise or a bonus is a departure from the assumption made in
the standard shirking efficiency wage models. This difference in the
punishment is largely responsible for the model’s ability to produce large
employment variation and small real-wage variation without relying on a
high labour-supply elasticity or a high markup. As a result, this model is
more consistent with microeconomic evidence about the size of markups
and the value of the labour-supply elasticity of individuals.

The paper’s findings also illustrate that the quantitative resultsemsitive

to the type of income insurance provided to the unemployed. In
particular, it is found that the efficiency wage model with partial income
insurance tends to overshoot the employment variation seen in the data, and
that the model’'s performance is improved by small adjustment costs on
capital. Since the model is able to generate very large employment
fluctuations, adjustment costs on labour may further improve the model’s
performance.

The model's impulse responses to monetary and fiscal policy shocks as well
as technology shocks are examined. Consistent with the existing empirical
evidence, the monetary efficiency wage model predicts that, in response to a
positive monetary policy shock, real wages, output, employment,
investment, and prices increase, while the gross interest rate decreases.
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In response to a positive fiscal policy shock, employment, output, and
investment increase, the gross interest rate weakly increases, while real
wages and consumption decrease. Although these responses are consistent
with the empirical findings in Ramey and Shapiro (1998) and Edelberg,
Eichenbaum, and Fisher (1998), the model also predicts that the price level
decreases in response to the shock, which is inconsistent with the evidence.

Finally, the model’s responses to a positive technology shock are examined.
The responses to the technology shock are qualitatively consistent with the
predictions of the standard limited-participation model. In particular, the
monetary efficiency wage model predicts that in response to an exogenous
increase in the level of technology, real wages, employment, output,
investment, and the capital rental rate increase, and the price level decreases.
Although there is evidence that positive technology shocks are eventually
expansionary, the model does not replicate the findings in papers such as
Basu, Fernald, and Kimball (1999), that an increase in the level of
technology may initially be contractionary.

By examining the implied impulse responses to fiscal policy, technology,
and monetary policy shocks for the standard limited-participation model,
and comparing them to the corresponding figures for the efficiency wage
model, it is evident that the models produce different quantitative results.
For example, the efficiency wage model produces larger increases in
employment, output, and investment in response to all of the shocks
considered. However, the responses of wages, prices, and consumption
depend on the type of shock. In particular, the estimated efficiency wage
model predicts larger movements in real wages and smaller movements in
consumption in response to a fiscal policy shock, while technology and
monetary policy shocks predicted smaller wage movements with larger
movements in consumption. In the efficiency wage model, prices respond
less to a monetary policy shock and respond more to fiscal policy and
technology shocks, in comparison with the standard limited-participation
model.

The results support the hypothesis that introducing efficiency wage consi-
derations can help reproduce the real-wage variation and high employment
variation seen in the data without relying on the presence of a high labour-
supply elasticity. Furthermore, the model is consistent with empirical
evidence on how economies respond to fiscal and monetary policy shocks.
Future work should concentrate on: (i) improving the predicted response to
a technology shock and the price responses to a fiscal policy shock; and
(ii) eliminating the need for adjustment costs on the flow of funds to the
goods.
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Appendix 1
The Data

To estimate the models, a data set similar to the one used in Burnside and
Eichenbaum (1996a), was built using quarterly time series from the OECD
quarterly national accounts, Statistics Canada, the OECD International
sectoral database, and historical estimates of M2 for the period 1961-97.
The official capital stock was obtained from the International sectoral
database. Using these statistics, the capital stidck, , includes the producer
structures, equipment, and private residential capital, plus the government
non-residential capital.

Private consumptiorC, , investmenf, , and government expendit@es, ,

are defined as in the OECD national accounts. The GDP deflator is for base
year 1992 and is used to convert data variables between their nominal and
real levels. The interest rate was measured using data available from

Statistics Canada on the prime lending rate on loans. Finally, the monetary
aggregate represented in the model was measured by M2. The series for M2
was obtained by combining the numbers available from Statistics Canada
with earlier estimates from Metcalf, Redish, and Shearer (1998).

Two additional variables were needed to estimate the model: wages and
employment/hours. The employment data were created using Statistics
Canada’s unemployment rate, while the wage series was defined as total
compensation reported in the OECD quarterly national accounts. Although
the employment rate is directly used in the efficiency wage models, the
standard limited-participation model is estimated using the number of hours
worked normalized by the number of leisure/labour hours available to indi-
viduals over the period.

To keep the data set as consistent as possible across the different models, all
data were converted to per-capita terms by dividing by the size of the labour
force, obtained from Statistics Canada. This normalization then allowed for
a computation of an implied hourly employment series by taking a stand on
the number of hours an individual worked per week. For this model,
individuals were assumed to work 40 hours per week. The series for

quarterly hours worked was then created using the fonﬁglﬁxiz(l —Hy)

wherey, is the unemployment rate. This series was used in the divisible and
indivisible labour models after it was normalized by the number of leisure/
labour hours available to individuals during the quarters.
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Appendix 2
The Estimated Equations

The monetary efficiency wage model’s parameters,

(d O
%, 0, Ty Mg Py T IN(A), Pps O Ay, In(y), a, Inaglg My Ky Py O'XE,

are simultaneously estimated from the following exactly identifying
restrictions:

efl-a) RWiNi _
0 M Yt 0

E(In(A)—-InA-paIn(A,_4)) =0
E((IN(A) = InA=p,In(A,_;)) x In(A,_;)) = 0
E((IN(A) - InA—p,In(A,_,))°—03) = 0

E(In(Y)—A,~txIn(y)) = 0
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EyEI]
EOnG=0-py—txt1,0=0
0 oy'0 O

BD 0 0G0 M 0 0G,_,0 DE_
Emul—ng)XDnD—tD—ug txt DDXDnD—D—ug—T x(t-1)dp=0
00 0 Oy'O ‘m 0o ulg

N 0 GO Of 0
E(1-pgl) x OnG=0-pg—t X T GD- 0
@ 0 Oy'0 ‘m O

E(Xt_(l_px)ux_pxxt_l) =0

E((X’(_(l_px)“x_pxxt_l) X Xt_]_) =0

E((% — (1= pH—PyX,_ ) =0y = 0,

wheremug is the marginal utility of;tf for the family. The parameters of
the standard limited-participation model are estimated using the same
identification scheme with this model's marginal utility of consumption
data,mug , hourly employment dathl, , and its expression for the steady-
state value of employment\®S . In this case, the equation equating the
employment hours and the steady-state value of employment hours
identifies the parameter valu@ , instead of the variag)le , as in the
efficiency wage model.

The identifying restrictions for th&test are described below.
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Q|q
Qe

- (0. 0 ,
To test the models’ predictions f%rg O'W, 0, 0,0 ,theHP-filtered
O

hpd . .
data[prp, i g'® y'P P w! E , are used along with the following

equation§:

2
herf (P f hD _
E%/tpma?;m %p =

These moments were simultaneously estimated with the models’
parameters.

1. A = 1,600 when the data were filtered.
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Appendix 3
The Standard Limited-Participation Model

The standard limited-participation model with divisible labour is based on
Christiano, Eichenbaum, and Evans (1997) and has the same six sectors as
the efficiency wage model presented in the paper. The problems facing the
monetary authority, the final good firms, and the government are identical to
those described in the efficiency wage model. However, the individual's
problem, the intermediate goods firms’ problems, and the loan market
clearing condition differ slightly due to the observability of effort and the
divisibility of labour.

The individual’s problem in the standard limited-participation model is:

a 0
D * ]
max
ol Dln C) +0In(1-N,)-6In(1+H(Q, Q;_y))
{CoKyip Moy, Dy} [{g (Co ( t) ( (Qu & 1))[':’
O 0O
subject toP,C,< M, - D,—P,Tax +P,r K, —P/l +WN, , and
Mi+1 = M=D;-P,C—PTax + PirK + W,N - Pl + R[D; + X{] +PR,
O O
whereH(Q, Q,_,) = e\ogexp[alE'QQt - SBJ + exp[—aEQQt -1- XSDJ 20.
O t-1 t-1 O

Q; = M,-D,, C, is the individual's consumptiorl\, is the percentage of
time the individual spends working for firms, s the real return on capital,
K, is the amount of capital available during timeP, is the price level,
M, is the beginning of period stock of mondy, s investmef, is the
nominal wageD, is the amount of nominal deposits chosen in advance of
the shocksR, is the nominal interest rafex is the amount of taxes owed
at time periodt , andR, X, an®R, are the profits received from financial
intermediaries and intermediate goods firms, respectively.

In the limited-participation model, firms do not require effort from workers
for production. The resulting intermediate goods firm's petiod problem in
this case is:

a0 0
{ Pit’n'\]li?(Kit} %Dit%b‘tKit(Nit) 0 RTPtWitNit - PtrtKit %

subject to the period-by-period demand functions:
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—H —H
1-p a l1-a[] 1-u _
Pit %D‘tKit(Nit) o-Pt Yy =0.
Finally, using the fact that the intermediate goods firms borrow their wage
bill from the financial intermediaries, the loan market clearing condition
becomes:

1 ,
JoWieNiedi = De+ X,

whereW; N;, is firmi’s wage billin period D, are the deposits, akd is
the amount of the monetary injection.
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	Introduction
	Limited-participation models generally require agents to have high labour- supply elasticities to...
	The monetary business cycle model examined in this paper has three main features: (i) households ...
	Papers such as Alexopoulos (2000, 2002), Felices (2001), and Burnside, Eichenbaum, and Fisher (20...
	The findings suggest that the estimated versions of the model with imperfectly observed effort ge...
	In addition to being able to reproduce the wage and employment behaviour, the model’s responses t...
	All efficiency wage models start with the premise that wages affect a worker’s productivity. Howe...
	Shirking efficiency wage models have a number of attractive features. First, they are compatible ...
	The model’s features give rise to the possibility that introducing a shirking efficiency wage fri...
	Encouraged by the predictions of Solow’s simple efficiency wage model, papers such as Danthine an...
	There are two main reasons why this alternative “monetary punishment” is of interest. First, the ...
	In section 1, I describe the limited-participation model with imperfectly observed effort and a m...

	1 The Model
	The description of the model in this section closely follows the model outlined in Alexopoulos (2...
	1.1 The monetary authority
	Each period, the monetary authority increases the economy’s money supply by transferring units of...
	,

	where is the nominal stock of money at the beginning of period , and is the amount of the monetar...
	,

	where is the mean growth rate of money, and is a serially uncorrelated process with mean zero and...

	1.2 Financial intermediaries
	At the beginning of each period, the continuum of perfectly competitive financial intermediaries ...
	I assume that intermediate goods firms borrow funds from the financial intermediaries to finance ...
	, (1)
	where is the total amount of funds demanded by firms in time period , and is the supply of loans ...


	1.3 The government
	Each period, the government purchases units of the final good. The government finances its purcha...
	,

	where is the amount of lump-sum taxes collected. Since all families are identical in the model, e...

	1.4 Families and individuals
	In models with unemployment, when individuals’ incomes are not fully insured, their incomes are h...
	The economy is populated by a large number of families, each of which contains a [0,1]-continuum ...
	1.4.1 A representative family
	Each period, the family chooses how much to invest in capital, , how much family consumption to p...
	After the shocks are revealed, the family pays taxes, , and purchases and , using their beginning...
	, (2)
	             . (3)
	Here, and denote the profits from intermediate goods firms and financial intermediaries in period...
	As in the standard limited-participation model, it is assumed that the family faces adjustment co...

	. (4)
	Here, is the amount of period investment, determines the cost of adjusting the capital stock, and...
	and ,

	where is the depreciation rate of capital. When , equation (4) reduces to the conventional linear...


	1.4.2 Family members
	Although individual family members do not have direct access to financial or capital markets, the...
	Each worker who is hired by an intermediate goods firm receives a one- period contract. This cont...
	In addition to the level of provided by the family, unemployed family members can purchase extra ...

	1.4.3 The worker’s problem
	Employed workers’ consumption levels are determined by the level of their family’s consumption be...
	, (5)
	, (6)
	(7)
	where represents the total number of family members employed in period . Individuals’ utility lev...

	, (8)
	where is the realized value of the individual’s consumption, is the level of effort provided to a...
	,

	involved in reorganizing the household’s flow of funds to the goods market. This assumption guara...
	,


	where . (9)
	Therefore, when there are no changes in the flow of funds to the goods market, no adjustment cost...
	After the shocks are realized, all family members attempt to find employ- ment. In the case where...
	.

	Therefore, an individual will provide the required effort if his IC constraint is satisfied, i.e....
	.



	1.4.4 The family’s problem
	Each period, firms hire family members. Of these workers, are shirkers who exert no effort on the...
	subject to equations (2) through (4), where:
	.

	In equilibrium, the cash-in-advance constraint holds with equality and firms offer workers wages ...
	and
	,

	where
	.



	1.5 Final good firms
	In the economy, the final good, , is produced and sold to agents by perfectly competitive final g...
	.

	Here, represents the input from the intermediate firm in period , and is a measure of substitutab...
	,

	where is the price of the final good, and is the price of the intermediate good at time . The Eul...
	.

	This implies that the demand for firm i’s product is increasing in the level of aggregate output,...
	.


	1.6 Intermediate goods firms
	The intermediate goods are produced by a [0,1]-continuum of monopolistic competitors, where the i...
	.

	Here, , and denote the number of workers hired, the number of shirkers hired, and the amount of c...
	After the shocks are observed, firms publicly advertise how many workers they want to hire, as we...
	Once the employees are hired, each firm borrows its nominal-wage bill, from the bank at the gross...
	After production takes place, the output is sold to the final good firms. The firms then pay hous...
	A representative intermediate goods firm, hiring identical workers, faces the following problem i...
	,

	subject to the period-by-period demand functions:
	,

	and the period-by-period IC constraints and individual rationality (IR) constraints:
	,
	.

	Here, denotes the representative worker’s utility for the period, is the effort level specified i...
	The IC constraint defines the relationship between effort and wages, since the form of the family...
	.

	The Euler equations from the firm’s problem imply:
	(the Solow condition)
	.

	The Solow condition demonstrates that the firm’s choices will minimize the cost per unit of effor...
	.

	Since all of the intermediate goods firms have identical technologies and all workers are identic...
	.

	Finally, the equilibrium demand for funds can be expressed as:
	,

	since firms borrow funds from the financial intermediaries to finance their wage bills, , and no ...


	2 The Empirical Results
	To estimate the model, growth is introduced by adding an exogenous labour- augmenting technology ...
	,

	where . In addition, government expenditures are assumed to evolve according to , where , and is ...
	To diagnose the performance of the model, I use a generalized method of moments (GMM) procedure s...
	After the parameters and second moments are estimated, the model is tested by: (i) comparing the ...
	Not all of the model’s parameters are estimated using the Euler equations. The values for , and ,...
	An additional assumption about the ratio is made to help identify the ratio , and the parameter ,...
	,

	in the model, along with the second moments,
	,

	for the detrended data. The resulting parameter estimates for each case of the limited-participat...
	The estimated parameters for the efficiency wage models are virtually identical to those in the l...
	Next, the models are solved using the estimated parameter values and the linearization technique ...
	2.1 Fiscal policy shocks
	Figure 1 depicts the shirking models’ responses to an exogenous increase in government expenditur...
	Figure 1 also demonstrates that the form of the intrafamily transfer and the adjustment cost on c...
	The intuition behind these responses is straightforward. In the efficiency wage model, an unexpec...
	worker to a disciplined worker, .
	Therefore, at the previously given real-wage rate and effort level, the utility of a non-shirker ...
	.

	At this new lower wage, the marginal product of labour exceeds the marginal cost, so firms optima...
	The increase in output has two effects. First, it causes the price of the final good to decline. ...
	In practice, decreases in the model because of the size of the increase in investment and taxes. ...

	2.2 Technology shocks
	Figure 3 displays the efficiency wage model’s responses to a shock that increases the level of te...
	These responses follow from the fact that a positive technology shock increases both output and t...
	being detected shirking through its effect on , since:
	.

	In addition to the change in caused by the change in output, a positive technology shock also inc...
	Firms respond to the rise in the level of family consumption purchased by increasing wages to dis...

	2.3 Monetary policy shocks
	Figures 5 and 6 display the impulse-response functions of the efficiency wage and limited-partici...
	In the monetary efficiency wage models, an unexpected increase in the stock of money initially ha...
	Second, the increase in the stock of money puts upward pressure on prices, if the response of out...
	.

	It follows that an increase in the price level causes the family’s purchasing power to decrease s...
	The effect of an expansionary monetary policy shock on is generally uncertain. For example, if fa...

	2.4 The J-test
	Tables 4 to 6 present the Wald tests that formally explore the hypothesis that the second moments...

	Conclusions
	This paper develops a monetary business cycle model where: (i) individuals make nominal savings d...
	The paper’s findings also illustrate that the quantitative results are sensitive to the type of i...
	The model’s impulse responses to monetary and fiscal policy shocks as well as technology shocks a...
	Finally, the model’s responses to a positive technology shock are examined. The responses to the ...
	By examining the implied impulse responses to fiscal policy, technology, and monetary policy shoc...
	The results support the hypothesis that introducing efficiency wage consi- derations can help rep...
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	Appendix 1
	The Data
	To estimate the models, a data set similar to the one used in Burnside and Eichenbaum (1996a), wa...
	Private consumption, , investment, , and government expenditures, , are defined as in the OECD na...
	Two additional variables were needed to estimate the model: wages and employment/hours. The emplo...
	To keep the data set as consistent as possible across the different models, all data were convert...
	quarterly hours worked was then created using the formula
	where is the unemployment rate. This series was used in the divisible and indivisible labour mode...


	Appendix 2
	The Estimated Equations
	The monetary efficiency wage model’s parameters,
	,

	are simultaneously estimated from the following exactly identifying restrictions:
	,

	where is the marginal utility of for the family. The parameters of the standard limited-participa...
	The identifying restrictions for the J-test are described below.
	To test the models’ predictions for , the HP-filtered data,, are used along with the following eq...
	.

	These moments were simultaneously estimated with the models’ parameters.


	Appendix 3
	The Standard Limited-Participation Model
	The standard limited-participation model with divisible labour is based on Christiano, Eichenbaum...
	The individual’s problem in the standard limited-participation model is:
	,
	subject to , and
	,
	where .

	is the individual’s consumption, is the percentage of time the individual spends working for firm...
	In the limited-participation model, firms do not require effort from workers for production. The ...
	subject to the period-by-period demand functions:
	.

	Finally, using the fact that the intermediate goods firms borrow their wage bill from the financi...
	,

	where is firm i’s wage bill in period , are the deposits, and is the amount of the monetary injec...
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