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Abstract

Labour market friction is viewed as the Tobin’s fao employed worker as opposed to the positichef
Beveridge curve. This Tobin’s Q is inversely prdjonal to the average quality of the match betwee
employers and workers. Based on this measund ktiat the labour market friction behaves proicatly

in the US, which is indicative of the fact thatfis compromise on the quality of the skill matchiclyian
expansion.
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1. Introduction

The relative price of investment to consumer gdumssignificantly declined over time in
the US. This decline is particularly noticealsighe 80s, which coincided with the great
period of moderation of output volatility. A numbef papers ascribe this recent decline
to elimination of investment frictions (Justiniaaad Primiceri, 2006, Chari, Kehoe and
Mcgrattan, 2005). Although there is a near cosgerihat the degree of capital market
frictions in the US has substantially decreasednttg, less is known about labour market
frictions.

Following the work of Pissariades (1985), by labmarket friction | mean the
degree of mismatch between the worker and the grpld.ittle is known about this job-
matching variable at the aggregate level. A deéterature focuses on the behaviour of
the unemployment-vacancy relationship (known asBé&eeridge curve) as a measure of
this friction. There are both empirical and thetimal limitations of this Beverdige curve
approach. Vacancy is usually measured by the Wwalged index which is less reliable
particularly after the internet revolution when jopenings are mostly available online.
Valletta (2005) attempts to remedy this deficiemgycreating a synthetic job vacancy
ratio and argues that the Beveridge curve haseshifiward in the 80s after an outward
shift in the 70s.  Shimer (2005) argues that theamcy-unemployment ratio has a
remarkable volatility (almost 20 times higher thiha labour productivity). This volatility
makes it difficult to arrive at a definitive consion about the time path of the labour
market frictions?

In this paper, | use a price-based approach to uneabke quality of the skill
match. A firm’s decision to fill a job vacancy éensidered as an investment problem.
Just like the law of motion of the physical capithe representative firm takes a dynamic
Beveridge curve as given and then makes optimalceloabout the time paths of
employment as well as physical capital. The retatwice of a worker with respect to
capital is shown to be the Tobin’s Q of an employedker. | show that this Tobin’s Q is
inversely related to the average match qualityhefworker and the employer. The Q of

the worker shows endogenous fluctuations driventiy TFP shock. Parallel to

2 Hornstein et al. (2005) extend Shimer's (2005)knamd find additional problems in replicating the
observed unemployment-vacancy fluctuations usiegettiant matching models.



investment friction, in my model, more friction the labour market means a higher
Tobin’s Q of the existing worker.  Chari, KehoedaMcGrattan (2005) define labour
market friction in terms of an implicit tax on wageMy model differs from Chari et al.

(2005) in an important dimension. While in theioadel the labour wedge in a real
prototype model is equivalent to stickiness of nuahiwages, in my model, this labour
wedge is explicitly identified with the quality dhe match between workers and the
employers.

| employ a production based asset-pricing modekduirgon the work of Merz and
Yashiv (2006) and Cochrane (1991). Using a caiéat version of this model, | estimate
the economy-wide matching probability and find thias strongly countercyclical. This
basically means that the quality of the worker-esypl match deteriorates during a
boom. This is indicative of the fact that firms gqaommise on the match quality in hiring
new employees in a booming economy when the lalmauket is tight.

The plan of the paper is as follows. In the follogv section, | report some
stylized facts about the time series behaviourhef relative price of labour in terms of
capital. In section 3, a production-based assetAgimodel is laid out to show the precise
relationship between the labour market friction d@hd value of a worker. Section 4
reports some calibration results. Section 5 coregud

2. Capital and Labour Market Frictions: Some Stylizd Facts

Chari et al. (2005) interpret the input markettfao in terms of the relative price
of the relevant input. Based on this measure clrgrein the relative price of investment
goods with respect to consumption goods meansimeéeaa investment frictions. In
Figure 1, | plot the ratio of US producer priceerdf finished capital goods to the
consumer price index. Following the oil shockhia early 70s, there is a steady decline
in this relative price of investment goods, whiekanfirms the decrease in capital market
frictions in the 80s.

<Figure 1 comes here>

Motivated by this price-based measure of inputibiits, | calculate the relative price of

labour with respect to capital for the US economgrdhe period 1948-2001 to arrive at a



measure of labour market friction relative to calpmarket friction. This relative price is
measured by the ratio of the annual index of corsg@igon per worker to the producer
price index of finished capital goods over the p&r1948-2001 taking 1992 as the base
year. Data for compensation per worker came fraih (2001) who compiled these data
from Bureau of Labour Statistics (BLS). The proelugrice index of finished capital
goods came from the Federal Reserve St Louis degaba

Figure 2 plots the series. The relative prica oforker shows a steady increase
except for the period of the oil shocks during 1:943wvhen all producer prices increased.

<Figure 2 comes here>

In the next step, | examine the cyclical behavmithe relative price of a worker.
| use the total factor productivity (TFP) as anigador of the business cycle. The annual
manufacturing multifactor productivity index is alsas a proxy for the overall TFP of the
US economy. The data came from the Bureau of waBtatistics. Figure 3 plots the
total factor productivity (TFP) index and the relatprice of worker after taking out a
loglinear trend component from each series. Tldaal component of the value of
worker positively correlates with the cyclical cooment of the TFP shock. The
correlation coefficient between these two serigs53. The relative price of worker is
procyclical®

<Figure 3 comes here>
In the rest of the paper, | will argue that tlakative price of worker with respect

to capital can be interpreted as the Tobin’s Q wfoaker. The procyclical behaviour of
this Tobin’s Q is driven by a decrease in the qualf the match between workers and the
employers during an expansion. This quality ofrtregch is measured by the productivity
of the recruitment efforts. As the labour markethtens during a boom, firms start
compromising on the quality of the match while waging. This makes already employed
workers more valuable to the firm. Based on #malysis, | will argue that the Tobin’s
Q of a worker is a reasonable measure of labourkenhafriction as opposed to
unemployment-vacancy ratio. To make this poimigparent, in the next section, | focus

on the production sector of the economy and devalsimple asset-pricing model.

% The procyclcial movement of the value of workerdbust to the choice of detrending method. | also
looked at the correlation between Hodrick-Presdettended series for real GDP and the value of &ork
The correlation coefficient between these two sdage.50.



3. The Model

| propose a production-based asset-pricing modblctwbuilds on Merz and Yashiv
(2006)* The production sector consists of identical firsharing the same production
and investment technology facing a market wage vatehose time path is exogenously
specified. The timeline is as follows. At thersta date t, the firm observes a TFP shock

g and produces output with the predetermined taegdapital Ki and the human

resourced; using the following Cobb-Douglas production funatio

Y = KN (1)

where a is the capital share in output. The firm thesbdrses the existing employees a
real wage ofa. Finally it undertakes two types of investmentidi®ns: investment in
tangible capital; and posting of new vacandy, The cost of posting new vacandy,s
proportional to the number of posting as follows:
Xi =aV; witha>0 (2)
Investment in tangible capital augments firm’s gigsical capital following a standard
linear depreciation rule:
Kisr = Q- 0)K¢ + 1y 3
where d is the constant rate of depreciation of physicpitea

Regarding the latter investment, | follow Merz arashiv (2006), to postulate the
following law of motion for the employees:

Ni+1 = @-¢/)N; + V4 4)
where ¢/ 1 (01) is an exogenous job destruction rate, apds ghe probability that a
vacancy will be filled or equivalently it is the toh probability between a worker and an
employer. Alternatively gcan also be interpreted as the quality of the mbhé&rause it is

* Merz and Yashiv (2006) use a production based-@si&ing model of the type pioneered by Cochrane
(1991). Their innovation is to show that the markadue of a firm can be decomposed into the vafue
capital and the value of labour.



the positively related to the productivity of anfis spending on recruitmentOne may
think of this law of motion as a dynamic Beveridgeve in an employment-vacancy
plane® The higher thegthe lesser the friction in the labour market vahigeans that the
increase in employment will be higher for a giveamier of vacancies making
investment in human capital a cheaper option tdithecompared to physical capital. As
we will see later thaty is endogenous in this model and determined by iime’sf

valuation of a worker, which in turn depends onrexoic fundamentals.

The representative firm facing a constant discéactor o solves the following
problend:

Max Eo[zpt{% KtaNtl_a —“WN, - X, - It}] (P)
t=0
s.t. (1) through (4) , givelko , No.
The TFP shoclk; is specified as a geometric random walk as follBws:

N&y=Ing +& (5)

whereft+1~N(O,0'2)

The first order conditions with respectitandX are as follows:

I: 1= pE|gakn” " +1-0 (6)

® Note that the marginal return to recruitment spemds: ON;1q /90X = ¢/ a.

® To see it clearly, normalize the labour forcemityu(ignore population growth). Then (3) can bemigen
in an unemployment-vacancy plane by =¢ + (1-¢)Ut — ¢Vt whereUy defined as N, is the rate

of unemployment and, is the vacancy rate. This is a familiar dynamiwv@elge curve used in the
literature (see for example, Nickell et al, 2001).

| ignore any convex adjustment cost in this berafknmodel. There is, however, some built in
adjustment cost of shifting resources from tangibletangible capital. The firm incurs a relatjwece of
1/q to switch from tangible to intangible investment.

8 According to Prescott (1986) US TFP is a neadoamwalk process while | assume that it is an exact
random walk. Banerjee (2001) show that the firdio forecast sensitivity due to difference stadign
specification when the process is truly trend stery is zero. See also Banerjee and Basu (20038) fo
related paper. Moreover, | also performed a wt test for the logarithm of the TFP series usethé
following section. One cannot reject the null afrat root.



X agft = pE e - @)k — W + (- @)ackh] ™

wherek; is the capital/employment ratio at date t. Gives tandom walk nature of the
TFP shock, it is straightforward to verify thaétbapital-employment ratio is:
1

—| _ap& -a 8
o {1-;7(1—5)} ©

where

_[d?
= exr{7} )

The first order conditions (6) and (7) can be ré&emi in the following valuation
equation form:

I1 K = OB lCFtI-(l-l + Kt+2] (10)
x; 2t p[CFt’ll + aN“Z} (11)
Gt +1

where CR* = gak? K, —I; and CF" =g (L-a)k’N, —wN, — X_.

Using (10) and (11) one can have the following gadecomposition for the firm:

(EARAYA (12)
where
Ve =K, (13)
aN
\/tN — qt+l (14)
It

The Tobin’'s Q of capital is unity while the Tobin’€) of a worker is inversely

proportional to the match probability. This match probability (gdrives a wedge



between the Tobin’'§ of capital and the Tobin’® of labour. The relative value of a
worker is defined as the Tobin@ of a worker to the Tobin'§ of tangible capital. This
relative value is the inverse of the match quality A higher relative value of a worker

thus reflects a lower match quality or a greatgrele of labour market frictioh.

Defineq, =aq;*, Using (4) and (7), one can write the following \ation equation
for a worker:
1 a

6 1= Al-a)ea {%}La‘Etvvﬁﬁ(l-wthﬁﬂ (15)

This valuation equation is just like a standarceapsicing equation. The worker is valued
as an asset to the firm. The Tobin's Q of an itedavorker is typically the expected
present value of cash flows or surplus arising flogiher continued employment. This

cash flow is the difference between worker’s pranhity the real wage.

Specification of the Process for Wages

There are two alternative views of the real wageyst(i) sticky wage version, (ii) flexible
wage version. Hall (2005) provides a comprehensuugey of this debate and arrives at
a synthesis. As far as the US labour market is eomc, the punchline of this debate
boils down to the link between real wage and praditg. To nest these alternative
views of the real wage formation, | posit the fellog process for real wage:

w =Q[mPL ]’ (16)
where the parameterd [ (0,1) captures the elasticity of real wage with respecthé

contemporaneous marginal product of labour @nd a scale parameter. A zero value of

6 means that the real wage is unresponsive to charlgbour productivity.

° To see why the relative price of physical capigat, note from (2) and 3) that the firm has to inve'st
to augment the number of employees by one unit.



Solution for the Tobin’s Q of Worker

The key equation is (15) which involves the Tobi of the worker. Using the method

of undetermined coefficient, one arrives at théofeing solution for the worker’s

Tobin’s Q:

q;‘—l _ A gtll(l—a) 3 B gté?/(l—a) (17)
1-pA-¢Y)s 1-pQ-¢)o

where

A= pl-a) 2| P @) (18)
! 1- p(1-0)

B=pQ(-a)f| 9P _ a0t (19)

1- (- 9) H2

292

Mo = eX{h (20)

=exd + 9 (21)
3 Z‘E—a)z)

The appendix outlines the derivation of (17). Trabin’s Q of a worker is basically
driven by the TFP. Whether a positive TFP shockdases or decreases the Tob{@'s
depends on the how the TFP impacts the revenuecasidof the firm. If revenue
increases more than the cost, the currently emgloyarker will be valued more by the
firm. Another way to look at this is that a highaluation attached to the currently

employed worker means a higher demand for laboua tighter labour market. The



equilibrium match quality gmust be lower in a tighter labour market to make t

employed worker more worthwhile.

Calibration

Parameter Values

There are eight parameters of interest: 0, p, 41/,02, 6 Q anda. Following Prescott

(1986) | set the benchmark valuessz .36, andd =0.1 (annual data)p = 96 and o is
fixed at .00763. There is no published estimatiefparametey . The closest one is the

average job separation rate of 3% in the US ecormmraythe period 1948-2001 found in
Hall (2001). The parameters attandQin (16) were identified at values equal to .62
and 1 respectively by running a loglinear regrassibreal wage index on a moving
average of the TFP indicéS. The remaining job posting cost parametér equation (2)
is fixed in such a way that the maximum value @dquals unity. This meam@sequals

1.17.

Trend and Cyclical Components of the Labour MaFkéttions

Using the baseline parameter values and the olibserees for the TFP, | next compute
the series for the Tobin® of a worker based on (17). Figure 3 plots thelehand

actual Tobin’sQ of a worker over the entire sample period. Thead&us the same

series reported in Figure 1. The model seriesiimabzed at unity for the base year 1992
to make it comparable to the actual relative pockabour. The model performs really
well in tracking down the trend in the Tobir(sof the worker.

%sing the Cobb-Douglas production function (1) &mel TFP process (5), verify that (16) reduces to:

Inw :K+H[In£t +( a

jln ft—l} wherex =InQ +(a/(1—a)ln[%} Settinga = 36, |
1-p@-9)

obtain an estimate d equal to .62, which was significant at 1% leveleTdonstant coefficient was found
statistically insignificant. Given that the struil parametersr © and 0 cannot be zero, | take the

insignificant K as an evidence th&® is close to unity. The Hor this real wage regression was .96. This
real wage regression simply reconfirms the procgtlbehaviour of the US real wage of workers.

10



Figure 5 plots the cyclical components of the medebbin’s Q and actual
Tobin’s Q of worker. The cyclical component ogétimodel’s Tobin’s Q is computed by
plugging the detrended TFP series into equatioh (Ife correlation coefficient is
0.53' Based on the calibrated parameters the modeldapes the procyclical behaviour
of the value of workers reasonably well.

<Figure 5 comes here>

An Estimate of the Employer-Worker Match Probapilit

In this section, | estimate the match probabilifypgsed on the reduced form equation
(17). Figure 5 plots this matching probabilitydathe detrended TFP series which is the
same as in Figure ¥

<Figure 5 comes here>

Matching probability is clearly countercyclical. h& match probability is
determined in equilibrium by firms’ valuation of ehinstalled worker, which is the
Tobin’'s Q of the worker. The intuition for a high€obin’'s Q of a worker during an
expansionary phase goes as follows. A positive ek at date t triggers an increase in
capital-employment ratio () in the following period (see equation 8). Duethe
constant returns to scale property of the produacfimction, a higher & lowers the
marginal product of capital at date t+1, and rateesmarginal product of a worker. Thus
a higher TFP realization today basically signalsigher prospective relative return to
human capital with respect to physical capital.rdgponse to this, firms switch gear from
physical investment to investment in human capwélich means posting more vacancy
(higherV;). This increased demand for workers raises tteevaf the worker meaning
lower match quality g Thus in equilibrium a lower unemployment coexisith a lower
match quality. Basically firms compromise on thelgy of the match during a boom

when the labour market is tight.

1 Chari, Kehoe and McGrattan (2005) measure labitidns, which they call labour wedge, in terms of
an implicit tax on wages. Their labour wedge alswaries positively with output although for reason
fundamentally different from my model. The labowedge in their model is equivalent to stickiness of
wages while in my model the labour wedge is egeivialo a matching friction.

2 The TFP series is also normalized at unity takif§2 as the base year.

11



Based on Figure 5 one may note that the matchiolgatility declined during the
70s and then it revived in the 80s while TFP shtvesopposing pattern. The matching
probability increased during the 80s when there waxluctivity slowdown. These
results reinforce my hypothesis that the qualitytted match shows a countercyclical
pattern.

Note that galso determines the shift of the Beveridge cusee (footnote 5).
Our results thus also accord well with Valletta@2Pwho finds that the US Beveridge
curve shifted out during the 70s and then shiftackidn during the 80s. In the present
setting, the slope of the Beveridge curve is endogsly driven by the TFP. My
framework shows the direct link between the TFP thiedmatching probability, which is
inversely related to labour market frictions. Tiewersal of the match probability is

basically due to the reversal in the TFP movemientise US economy in the 80s.

General equilibrium

In this paper, | have posed the issue of labouketdriction and the related Tobin’s Q of
worker from a partial equilibrium angle. | only kat the firm’s side of the problem. In a
general equilibrium, the average quality of theahdgthe inverse of the Tobin’s Q of the
worker) is determined by the interaction betweem’s search for the right employee and
the household’s search for the right match. In #ppendix, | outline a general

equilibrium version of the model following Merz @%) and argue that the procyclical
behavior of the labour market friction is theoralig robust. The search friction is

modeled as a social planning problem where thenglamternalizes both advertisement
cost and search cost. A positive TFP shock trggewealth effect, which means more
vacancy posting by the firms and more search affot the households. Due to
convexity of the search cost function, this mean®veer match probability between

workers and the employees.

5. Conclusion
There is no consensus whether the labour marlotiofmi has increased or decreased in the
US economy over the last few decades. The trawditiliterature identifies labour market

friction in terms of an upward shift of the Bevegedcurve. In this paper, | question this

12



interpretation of the labour market friction. | éalkn asset pricing approach to understand
the friction. Higher friction means a lower matahatity, which implies a higher relative
value of a worker with respect to capital. Viewleoin this perspective, | find that the
labour market friction has a procyclical patterfihe increased friction is reflected by a
lower match quality during an expansion. This taldy indicates that firms find it
difficult to have the right match in an expansignaconomy with a tighter labour market.
Contrary to conventional wisdom, there is no canfbietween a higher labour market

friction and lower unemployment.

Appendix A

Derivation of equation 15

Conjecture a solution

OIt_l - Alftll(l_a) _ ﬂzftgl(l_a) (A1)
Upon substitution in (4) and using the geometsgniormal random property of the TFP
procesq & } one obtains:

et 0D — doel "D = A7) Bl 17D + o~ ) gD - p- ) e
(A.2)

Using the method of undetermined coefficients iniediately follows that
A

T E—
1- puzA-¢)

and

e B
1-puL-y)

which proves (15). //

13



Appendix B

Tobin’s Q of a Worker in General Equilibrium

| consider a social planning problem based on M£885) as follows. The social planner
chooses consumptiorCf, employment ;), unemployment (1N;), search intensityS)

and job vacancied/() posted per firm to solve the following maximipat problem:

Eg 2 AU (G -W(Ny)]

S.t.
Ci +1; +c(S)(@-N;) +aVt =Y; : Resource constraint (B.1)

Y; =&F(K¢,Nt) @ Production function (B.2)
Ki+1 = @-90)K; + 1t : Law of motion of physical capital (B.3)
Nt+1 = @-¢)Nt + M¢ : Law of Motion of Employment (B.4)
M =V A[s - N, 0<4 <1 Matching Function (B.5)
Ko, No = given (B.6)

All the notations are the same as before ex&pnd M; which stand for household’s
search intensity and the extent of matching betwserkers and firms. The cost of

worker’s search is represented by the functe¢®) which satisfies the properties that
c'(%)>0 andc'(S)>0. The social planner internalizes both these oebkish explains

the resource constraint (B.1) facing the planneudion (B.5) represents a standard
Pissarides (1985) type matching technology, whigams that the quality of the match
between employers and the workers depends on tii@ation between search intensities

of firms and workers. The social planner instaatars felicity function represents

14



household’s utility function of consumption, UfCand disutility function of worky(N).

Our central concern here is about the Tobin’s @hefworker which is the inverse

of the search quality; g At the optimum, it can be rewritten as:

1_ W
B o B.7
W M (B.7)

It is straightforward to verify that a key firstdar condition must hold equating the ratio
of marginal products of search and advertisememtthé¢ ratio of the corresponding

marginal costs. In other words, at the optimum wstnhave:

My /9% _ C(S)(A-Ny) (B.8)
oMy / 0Vy a |

using (A.5), (A.6) and (A.7), it is straightforwatd verify that

i:[a—mc‘(&)r (B.9)
Ot Aa '

Given the convexity of the search cost functiom Tobin’s Q of the worker positively
correlates with worker’s search intensity. FollogriMerz (1995), one can argue that a
positive technology shock via a positive resouraaliih effect creates congestion by
raising the search intensityg) of workers. This raises the Tobin’'s Q of workera

general equilibrium.

15
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Figure 2: Relative Price of a Worker in terms of Ca
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Figure 4: Value of Worker: Model vs Actual
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Figure 5: Cyclical Components of Model and
Actual Tobin's Q of Worker
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