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Abstract

The paper studies the cyclical behavior of the job value, the ex-
pected present value of the marginal worker to the firm, estimated to
be counter-cyclical in U.S. data. Job values are shown to be the domi-
nant force behind hiring from non-employment. This finding implies
that in recessions firms increase their hiring rates, from the pools of
the unemployed and out of the labor force. The underlying reason
is the dynamic behavior of the labor share of GDP, which engenders
counter-cyclicality of the expected future profits of the firm.

This counter-cyclicality, which may appear counter-intuitive, is
shown to be consistent with well-known business cycle facts, such as
pro-cyclical employment, vacancy and job-finding rates and job to job
flows. The analysis emphasizes the difference between current labor
productivity and forward-looking job values. Changes in job values
are also helpful in explaining the reduction in labor market fluidity in
the U.S.
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Countercyclical Job Values!

1 Introduction

The paper asks what governs the representative firm recruiting behavior
along the business cycle. This behavior is important for our understanding
of business cycles and employment dynamics. In particular, I look at the
optimality equation of the firm, which equates the marginal cost of worker
recruitment and the expected present value of the worker for the firm, i.e.,
the job value. I empirically examine the issue by estimating alternative
specifications of the equation. In doing so, I follow key formulations in
the literature, particularly the ones related to search and matching models.
Following estimation, I analyze the cyclical behavior of job values. I exam-
ine the components of job values, using an approximation and a variance
decomposition of realized future values in a truncated sample.

The paper finds the following;:

(i) Job values are counter-cyclical in U.S. data. This means that in reces-
sions the value of jobs for firms goes up. Note that this value is a forward-
looking expected present value of future labor profitability.

(ii) Correspondingly, hiring rates from non-employment (unemploy-
ment + out of the labor force) are counter-cyclical: it is worthwhile for firms
to increase hiring rates as job values rise in recessions.

(iii) While the afore-mentioned hiring rates are counter-cyclical, vacancy
rates and hiring rates from employment (i.e., job to job flows) are pro-
cyclical. The differences between points (ii) and (iii) are explained.

(iv) Point (i) is consistent with the findings of recent studies looking at
the cyclical behavior of the labor share in GDP. It is the dynamic behavior
of the labor share that engenders the counter-cyclicality of the forward-
looking job values.

(v) Points (i) and (ii), though counter-intuitive, do not contradict what
we know about the cyclical features of the labor market, including pro-
cyclical employment and job finding rates. Both points are shown to be
consistent with the theoretical dynamics of q models of investment, which
are analogous to the current framework.

(vi) The high volatility of vacancy and hiring rates is explained within
the same framework. Part of the explanation has to do with job values and
another part with the interaction with investment (in capital) behavior.

The paper is related to, but different from, previous work I had done
on related issues — Merz and Yashiv (2007) and Yashiv (2014). The former
paper employs a framework akin to one out of several specifications ex-
amined here and shows that it can account well for the market value of
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U.S. firms. The idea is that the value of investment and the value of hiring
make up the value of the firm. The latter paper uses the same framework
to analyze the joint, forward-looking behavior of hiring and investment,
examining their inter-relationships and the determinants of their present
values. The current paper focuses on job values and their implications for
recruiting behavior over the business cycle. It relates those to the behavior
of the labor share over the cycle. It does so using an updated data set, ex-
amining alternative specifications, and undertaking decompositions of the
determinants of job values and recruitment rates.

The paper proceeds as follows: Section 2 presents the vacancy creation
or hiring equation as posited in 14 key papers in the relevant literature and
discusses its main elements and the emerging alternative specifications.
Section 3 presents the model and the key relations to be empirically ex-
amined. The data and methodology are elaborated in Section 4, followed
by the presentation of the cyclical behavior of the key data series in Section
5. The results of the empirical work are presented in Section 6 and their
implications are elaborated in Section 7, including the phase dynamics im-
plied by the model. Section 8 studies the volatility and cyclicality of the
series related to recruitment (vacancy and hiring rates) and relates them to
job value behavior. Section 9 elaborates on the connections of the results to
the dynamics of the labor share in GDP, recently discussed in other Macro
contexts. In Section 10 I use this framework to explain the decline in U.S.
labor market fluidity. Section 11 concludes. Derivations and other technical
matters are relegated to appendices.

2 Models of Recruiting Behavior in the Literature

The vacancy creation or hiring equation expresses firms’ optimal recruiting
behavior in the presence of frictions. It relates the marginal costs of vacan-
cies or of hiring which the firm faces with the marginal benefit, which is
the expected present value of what the firm will get from the employment
relationship. The following expresses this equation in very general terms:

MCi(+) = E:PVi(") 1

In what follows I show how different papers formulate costs (the LHS)
and how they treat the present value and its components (the RHS). There
are different specifications for the economic mechanisms underlying these
components, for the functional form of costs, and for the relevant argu-
ments to be used in the functions. I will derive job values from the estima-
tion of equation (1).

Table 1 lists 14 key studies and reports what these studies have posited
with respect to the LHS and the RHS of equation (1). Appendix A presents



the equation as formulated by each study. The studies are classified into
two groups — those positing linear costs and those positing convex costs.

Table 1

Beyond the differences between linear and convex costs, the table shows
that the different permutations of formulating the equation include:

(i) Single job vs large firms.

(ii) Using vacancies or actual hires as arguments of the cost function.

(iii) Formulating labor only or capital and labor as determining produc-
tivity.

(iv) Wages determined by the Nash solution, intrafirm bargaining, cred-
ible bargaining or sticky wage mechanisms.

(v) Worker separations modeled as exogenous or endogenous, constant
or stochastic.

(vi) Discounting the future with a constant or time-varying rate; for the
latter, there are different formulations (IMRS, WACC or derived from the
stock market).

As an additional point, there is the issue of taking into account general
equilibrium effects. If taken into account, as in Gertler and Trigari (2009),
Gali (2010), and Christiano et al (2013), these effects take place via discount-
ing and the wage solution.

To fix ideas, note that, using the afore-cited studies, the following ex-
pression captures a standard formulation of the RHS of the above equation,
the present value of the job to the firm:

fm+1 = 8nppn T Wil 2)
+(1 =9 ) MCiq

where f,,, ., is the marginal product netted out of g,, , (change in costs due
to a different level of employment), ;1 is the wage, p, ,, ; is the discount
factor, ¢, ., is the separation rate, and 7,1 is the corporate tax rate. MC;,1
is whatever the model used places on the LHS of (1) at time f + 1. Basically
PV is the present value of the profit flows from the marginal worker fy, , —
Qnyy; — Wryj for j = 1...00.

PVi=pp00 (1= Tri1)

3 The Model

Following the discussion above, I formulate alternative versions of the firms’
optimality equation. In order to do so, I present a model of firm optimiza-
tion, which includes capital as well as labor, and formulate the costs func-
tion underlying the problem so that the cases shown in Table 1 will be spe-
cial cases. The presentation follows Yashiv (2014).



3.1 The General Model

Set-Up. There are identical workers and identical firms, who live forever
and have rational expectations. All variables are expressed in terms of out-
put.

Worker Flows. Consider worker flows. The flow from non-employment
— unemployment (U) and out of the labor force (O) — to employment is
to be denoted OE + UE and the separation flow in the opposite direction,
EU + EO. Worker flows within employment —i.e., job to job flows — are to
be denoted EE.

I shall denote:

- (3)0()

n' OE+UE
"o E
W EE

n  E

Hence h! and h? denote flows from non-employment and from other
employment, respectively.
Separation rates are given in an analogous way by:

go= 9ty 4)
. EO+EU
o TE
,  EE IK?
S ETw

Employment dynamics are thus given by:

np = (1— ¢! — )+ hl +#? (5)
= (1_1/Jt)nt+ht/ ngtgl
I’l% = 170%7’11}

Matching and Separations.”> Firms hire from non-employment (h}) and

from other firms (h%). Each period, the worker’s effective units of labor
(normally 1 per person) depreciate to 0, in the current firm, with some ex-
ogenous probability ¢,. Thus, the match suffers an irreversible idiosyn-
cratic shock that makes it no longer viable. The worker may be reallocated
to a new firm where his/her productivity is (temporarily) restored to 1.

%I am indebted to Giuseppe Moscarini for very useful suggestions to this section.



This happens with a probability of 7. Those who are not reallocated join
unemployment, with probability ¢! = 1, — ¢?. So the fraction ¢? that en-
ters job to job flows depends on the endogenous hiring flow h?. The firm
decides how many vacancies v; to open and, given job filling rates (g}, 47),
will get to hire from the pre-existing non-employed and from the pool of
matches just gone sour. The matching rates satisfy:

hl

1M

q = s (6)
hZ

2 _

a4 = o

g = qi+4q;

Firms Optimization. Firms make gross investment (i;) and vacancy (v¢)
decisions. Once a new worker is hired, the firm pays him or her a per-
period wage w;. Firms use physical capital (k;) and labor (1) as inputs in
order to produce output goods y; according to a constant-returns-to-scale
production function f with productivity shock z;:

Y = f(Zt,nt/ kt)/ (7)

Gross hiring and gross investment are subject to frictions, spelled out
below, and hence are costly activities. I represent these costs by a function
glit, ki, vt, by, ny] which is convex in the firm’s decision variables and ex-
hibits constant returns-to-scale, allowing hiring costs and investment costs
to interact.

In every period ¢, the capital stock depreciates at the rate J; and is aug-
mented by new investment i;. Similarly, workers separate at the rate ¢}
and the employment stock is augmented by new hires g}v; = h}. The laws
of motion are:

kip1 = (1 —=0p)ke+1ip, 0<; <1 8)

1 = (1—¢)ne+qivr, 0<9, <1 9)

The representative firm chooses sequences of i; and v; in order to maxi-
mize its profits as follows:

i=

© (] f s egi kirj) — & (iewjo ke Oenj e ey )
max E; )’ < pt+i> (1—7T44)) <
0

{iH—jIUH—j} j=0

(10)
subject to the constraints (8) and (9), and where T; is the corporate income
tax rate, wy is the wage, x; the investment tax credit, D; the present dis-
counted value of capital depreciation allowances, ! the real pre-tax price
of investment goods, and p,  ; is a time-varying discount factor. The firm

6
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takes the paths of the variables g}, wy, pl, 6;, ¢!, T: and p, as given. This
is consistent with the standard models in the search and matching and To-
bin’s q literatures. The Lagrange multipliers associated with these two con-
straints are Qﬁr jand Qﬁ j» Tespectively. These Lagrange multipliers can be
interpreted as marginal Q for physical capital, and marginal Q for employ-
ment, respectively. I shall use the term capital value or present value of
investment for the former and job value or present value of hiring for the
latter.

The first-order conditions for dynamic optimality are:>

Qf =E [pt+1 [(1 = Te41) (frrn = 8kin) + (1= 0t41) Qﬁrl” ()

Qf = (1-) (g +f) a2
O = Et [prar [(1= 1) (s = o — w2 + (1= 9,12) Q]| (13
Q=1 a9

I can summarize the firm’s first-order necessary conditions from equations
(11)-(14) by the following two expressions:

1— i+ N _E 1— fkt+1_gkt+1 :|:|
0= (s rt) = Er w0 =m0 B,

(15)
| oo

fnt+l — &ni _gwt+1
+(1 _ ¢t+1) t+1

qt+1

(1—1) gqit = E [pt,t+1 (1—7Ts41)

Equation (16) is at the focal point of the analysis and gives structure to
equation (1) . Following the explicit formulation of the costs function g I
shall consider alternative, specific cases.

The costs function g, capturing the different frictions in the hiring and
investment processes, is at the focus of the estimation work. Specifically,
hiring costs include costs of advertising, screening and testing, matching
frictions, training costs and more. Investment involves implementation
costs, financial premia on certain projects, capital installation costs, learn-
ing the use of new equipment, etc. Both activities may involve, in addition
to production disruption, the implementation of new organizational struc-
tures within the firm and new production techniques.*In sum g is meant to

3where I use the real after-tax price of investment goods, given by:

11X — TP
Piyj = Pty

1-— Tt+j

4See Alexopoulos (2011) and Alexopoulos and Tombe (2012).



capture all the frictions involved in getting workers to work and capital to
operate in production, and not, say, just capital adjustment costs or vacancy
costs. One should keep in mind that this is formulated as the costs function
of the representative firm within a macroeconomic model, and not one of a
single firm in a heterogenous firms micro set-up.

Functional Form. The parametric form I use is the following, generalized
convex function.

a (Lf )’71
1y Mkt X \oa2on 1712
1-A1—A +A +
8() = ;i [( 1=o)u n M zqtvt} f(Zt/nt/kt). (17)

+EA (Ltm)%l + €3 (E@)Wﬂ

1z \ ke m 1z \ ke 1

This function is linearly homogenous in its arguments i,k,v, h,n. The
parameterse;, | = 1,2,31, 32 express scale, and the parameters 7,15, 741,13,
express the convexity of the costs function with respect to its different ar-
guments. A; is the weight in the cost function assigned to hiring from non-

employment (Z—%), A; is the weight assigned to hiring from other firms (Z—%),
and (1 — A1 — Ay) is the weight assigned to vacancy (;*) costs. The weights
A1 and A are thus related to the training and production disruption as-
pects, while the complementary weight is related to the vacancy creation
and recruiting aspects. The last two terms in square brackets capture inter-
actions between investment and hiring. I rationalize the use of this form in
what follows.

Arguments of the function. This specification captures the idea that fric-
tions or costs increase with the extent of the activity in question — vacancy
creation, hiring and investment. This needs to be modelled relative to the
size of the firm. The intuition is that hiring 10 workers, for example, means
different levels of hiring activity for firms with 100 workers or for firms
with 10,000 workers. Hence firm size, as measured by its physical capital
stock or its level of employment, is taken into account and the costs func-
tion is increasing in the vacancy, hiring and investment rates, 7, % and i
The function used postulates that costs are proportional to output, i.e., the
results can be stated in terms of lost output.

More specifically, the terms in the function presented above may be jus-
tified as follows (drawing on Garibaldi and Moen (2009)): suppose each
worker i makes a recruiting and training effort /;; as this is to be modelled
as a convex function, it is optimal to spread out the efforts equally across
workers so h; = % ; formulating the costs as a function of these efforts and

. . h\ f.
putting them in terms of output per worker one getsc <E) sasn workers
. . . . h
do it then the aggregate cost function is given by c ( E) f.

Convexity. I use a convex function. The use of such a function may be
questioned at the micro-level, as non-convexities were found to be signif-



icant at that level (plant, establishment, or firm). But a number of recent
papers have given empirical support to the use of a convex function in the
aggregate, showing that such a formulation is appropriate at the macroeco-
nomic level.®

. i alo\ T3t i a?v;\ 132 .
Interaction.The terms ;i (%%) and ;3—2 (%%ﬁ”) express the inter-
31 32

action of investment and hiring costs. They allow for a different interaction
for hires from non-employment (h}) and from other firms (h?). These terms,
absent in many studies, have important implications for the complementar-
ity of investment and hiring.

3.2 Alternative Specifications

Beyond looking at the general model spelled out above, I examine two,
alternative, special cases.

3.2.1 The Standard Search and Matching Model

The standard search and matching model does not consider investment
when formulating costs and refers to linear vacancy costs. In terms of the
model above it has ey = e3; = e3» = 0,A1 = A, = 0 and 7, = 1. It thus
formulates the optimality equation for vacancy creation (v) as follows, i.e.,
this is equation (16) for this particular model.

(1-1) 2]

f
- = Et pt+1 (1 — Tt—‘,—l) Niy - wt+1 + ( lpt-i-l) thrl ]’lt+l

€2 Jt
qe n
As shown in the first group of studies in Table 1 above, and further dis-

cussed in Appendix A, this is a prevalent formulation, that has total costs

€ ft
q ng
and depends on the average duration of the

be a linear function of vacancies, i.e.,
ft

vy whereby the cost is propor-

tional to labor product1v1ty

vacancy E and g; is the job fllhng rate, ; = Z—i

3.2.2 The Optimality Equation: Hiring and Investment Costs Approach

As shown in the second group of studies in Table 1 above, there is a formu-
lation of the hiring problem following the literature on investment models,
mostly the seminal contributions of Lucas and Prescott (1971) and of Tobin
(1969) and Hayashi (1982). Appendix B shows the derivation of the fol-
lowing optimality equations, elaborated in Merz and Yashiv (2007), which

5Thus, Thomas (2002) and Kahn and Thomas (2008, see in particular their discussion
on pages 417-421) study a dynamic, stochastic, general equilibrium model with nonconvex
capital adjustment costs. One key idea which emerges from their analysis is that there are
smoothing effects that result from equilibrium price changes.



equate the marginal costs of investment g; and of hiring g;, with the ex-
pected present value of the benefit. In this case Ay = 1,12 = 0.

1— _ N _ 1— ka—l = &ki1 H
( Tt) (gzr + Pt) t [pt,t—H ( TH—l) { +(1 _ 5t+1)(8i,+1 + Pfﬂ)
19)
fn 17 8nypy — Wi :|:|
1— —FE 1— t s . 20
( Tt) ght : |:pt,t+l ( Tt+1) [ +(1 - lpt-i-l)ghtﬂ ( )

The main difference with respect to the more general model is that this
specification does not consider vacancy costs, in addition to hiring costs.

4 Methodology and Data

To be empirically evaluated, the afore-going optimality equations will be
estimated. I discuss the data, the estimation methodology and a post-
estimation approximation and a variance decomposition to be computed.

4.1 Data

The data are quarterly and pertain to the private sector of the U.S. economy.
For a large part of the empirical work reported below the sample period is
1994-2013. The start date of 1994 is due to the lack of availability of job to job
worker flows (k%) data prior to that. For another part of the empirical work,
the sample covers 1976-2013 and the 1976 start is due to the availability of
credible monthly CPS data from which the gross hiring flows (I}) series is
derived. This longer sample period covers five NBER-dated recessions, in-
cluding the Great Recession (2007-2009) and its aftermath (2009-2013). The
data include NIPA data on GDP and its deflator, capital, investment, the
price of investment goods and depreciation, BLS CPS data on employment
and on worker flows, and Fed data computations on tax and depreciation
allowances. Appendix C elaborates on the sources and on data construc-
tion. These data have the following distinctive features: (i) they pertain
to the U.S. private sector; (ii) both hiring # and investment i refer to gross
flows; likewise, separation of workers ¢ and depreciation of capital é are
gross flows; (iii) the estimating equations take into account taxes and de-
preciation allowances. Table 2 presents key sample statistics.

Table 2

4.2 Estimation

I use the different specifications discussed above. For the production func-
tion I use a standard Cobb-Douglas formulation, with productivity shock

10



Zt:
f(Zt,Tlt,kt) = ezfnt“k}_"‘, O<a<l. (21)

Estimation pertains to the parameters «;e1, €2, €31, €32; 11, 15, 31, 32, M, A2,
or a sub-set of these parameters.

Estimation of the parameters in the production and costs functions al-
lows for the quantification of the derivatives g;, and g,, that appear in the
firms” optimality equations. I structurally estimate the firms’ first-order
conditions —equation (16) and the associated equation (15) — using Hansen’s
(1982) generalized method of moments (GMM). The moment conditions
estimated are those obtained under rational expectations. I formulate the

equations in stationary terms by dividing the investment equation by {%

and the vacancy/hiring equation by Z—tt Appendix B spells out the first

derivatives included in these equations. Importantly, I check whether the
estimated g function fulfills the convexity requirement.

4.3 Post Estimation Approximation and Variance Decomposition

Post estimation I compute an approximated present value, QN, on which
a variance decomposition is computed. Iterating forward the RHS of (16)
one gets:

j ] i
T (ll—[pt+l—1rt+lft+tr+l1> (H(l - ¢t+l—1)> (1 - Tt+]')
=1

PVir=Y_ i /N2 (22)
=1 o — S wfﬂ]
fevj fevj
}’lt+]‘ Ylt+/'

Following Cochrane (1992), I use the following first-order Taylor expan-
sion to get (see Appendices D and E for details®):

o j j j
Pi=(1-1) i”; =E lZ exp [Z g¥+z] exp [Z gﬂz] exp [Z gi+m_1] MPH—]]
=1 =1 =1 m=I

(23)
where
8nppj Wiy
MPj=(1—711y) [ — ft:f — fH,-] (24)
Ny Ny

%Note, though, that Cochrane (1992) does a second-order rather than a first-order Taylor
expansion.

11



S
¢ zln’?l (25)

ng

g = In(1-vy,) (26)

. 1
gt = ].npt,t+l = ln <1—|—1’t> (27)
w = (gf +8i +8}) (28)

and

of = eEG@D (29)
0 = eE&) (30)
OF = E@) (31)
0 eF@) = of sy (32)

This yields the variance decomposition:

rOf © .
var(P) = Qﬂl_E((Z)VIP) ) (Qy* cov(Pr, g j) + (33)
Q'O E(MP)
1-0

S~
Il
—_

e

() cov(Py g/ ) +

~.
Il
—_

QO'Q/E(MP)
1-0

e

~
Il
N

(Y coo (P, g3 ) +

Q'Y Q) cov(P, MPy ;)
j=1

The first term relates to future discount rates (g}, ;), productivity growth

(g{ n ].), separation rates (g} +i ) and marginal profits (MP; ;). I look at the
relative size of the different terms on the RHS of equation (33) in order to
gauge their relative importance.

5 The Cyclical Behavior of Vacancy and Hiring Rates

Before turning to the results of estimation, it is worthwhile to briefly exam-

ine the cyclical behavior of each of the data series themselves: hiring rates
1 2

(%) from non-employment (unemployment + OLF); hiring rates (%) from

employment (i.e., job to job flows); and vacancy rates (;!). I consider each

in turn.

12



5.1 Hiring from Non Employment

I compute p(ﬁ—%, fi+i) where h} is the CPS gross hiring flow from the pool

of unemployment plus out of the labor force and f;,; is NFCB GDP (f), in
logged, HP filtered terms (see Appendix C for data definitions and sources).

Table 3 and Figure 1

Hiring rates from non-employment are counter-cyclical.

5.2 Job to Job Flows

I repeat the same computation for job to job flows i.e., p(%, fi+i) where h?
is the CPS gross job to job flows, based on the work of Fallick and Fleis-
chmann (2004), which was updated till 2013 (see Appendix C). The sample

here starts in 1994.
Table 4 and Figure 2

Job to job flows, i.e., hiring rates from employment, are pro-cyclical.

5.3 Vacancy Rates

I repeat the same computation for vacancy rates i.e., p(;!, fi+i) where v; is
the adjusted HWI rate taken from Barnichon (2014), as delineated in the
Appendix C.

Table 5 and Figure 3

Vacancy rates are pro-cyclical.

5.4 CPS vs JOLTS Hires Data

When using worker flows, a natural question that arises concerns the use
of JOLTS data. These data are not used here, as they do not allow for the
breakdown of hiring into h} and h? and are available only from December
2000. Moreover, there are big differences between CPS and JOLTS data as
shown in the following table that pertains to total hires h; = h} + h? in the
overlapping sample period.

Table 6

The following conclusions emerge from the table: the CPS mean is 1.83
times higher that the JOLTS mean, the CPS median is 1.81 times higher; the
c.0.v of CPSis 0.0587, about half of c.0.v for JOLTS at 0.10; the third moment
is very different; only the fourth moment is close across the data samples.

13



5.5 Consistency with Well-Known Facts

The emerging picture from Figures 1-3 and Tables 3-5 is consistent with
some well-known facts. The following explains.

In the steady state, hiring to employment /! equals separations from
employment s:

W =s (34)

Non-employment in the steady state, i.e., unemployment u plus the
pool out of the labor force o, satisfies:
uto _ - P (35)
pop o T Y
where pop is the working age population and 1 is the separation rate from
employment n (i.e.,, s = ¢ n).
In steady state the hiring rate is the product of the job finding rate,
steady state non-employment and the inverse of the employment rate:

1 1
E: h ><LH—oXpop (36)
n u+o pop n

Using the above formulation of steady-state non-employment:

ht ht 1
W T uze L T (37)

n u+o - —
N~ ~——' U+to + w pop
hiring rate job ﬁndingSS non-emp  inv emvp ratio

To give a sense of how these variables behave outside the steady state,
given that it has often been found that actual dynamics are close to the lat-
ter, the following table shows the co-movement statistics for these variables.

Table 7

The employment stock 7; and the job finding rate uﬁ ;; are pro-cyclical,

as is well known. The latter feature has been emphasized by Shimer (2012).
and the inverse of the employment

14
ol
u+o
ratio - are counter-cyclical, as widely known too. At the same time the
pop

Steady state non-employment

iy K. . iy
gross hiring rate ;! is counter-cyclical, as shown above. Hence the hiring

rate is counter-cyclical as the counter-cyclicality of the last two variables
dominates the pro-cyclicality of the job-finding rate.”

7In this context the following quote from Shimer (2012, page 145) is pertinent: “Still, it
is most important point to recognize the differential behavior of the job finding probability
and the number of workers finding jobs;...”

14



Also note the following. Employment dynamics are given by:

Ney1 —ny hy
Al U (38)

1 n

Along the cycle the variables in (38) can be shown as follows:
Figure 4

Evidently, in the shaded NBER-dated recessions net employment growth
is negative with separations being higher than hires. At the same time in
cyclical terms the following applies:

Figure 5

Both rates increase — relative to the HP trend — during recessions, i.e.,
both are counter-cyclical.

6 Results

I present GMM estimates of equation (16) under alternative specifications
and subsequently the results of the variance decomposition defined in (33).

6.1 FOC Estimation

Table 8 reports the results of estimation. The table reports the estimates and
their standard errors, Hansen’s (1982) J-statistic and its p-value.

Table 8
Table 9 shows the size of the implied costs.
Table 9

I examine alternative specifications of the model discussed above. Fol-
lowing the results of Yashiv (2014), row a examines a quadratic function
(7, = 1, = 2) with linear interactions (175, = 775, = 1). The weights on
the different elements of the hiring process — vacancies, hiring from non-
employment, and hiring from other employment — are expressed by the
tixed parameters A; = 0.6, A, = 0.2, obtained after some experimentation.
The parameters estimated are the scale parameters of the frictions func-
tion (e1,e2, 31 and ez ) and the labor share («) of the production function
(21). The J-statistic has a high p-value, the parameters are precisely esti-
mated, and the resulting ¢ function fulfills all convexity requirements; the
estimate of « is around the conventional estimate of 0.66. Table 9 indicates
very moderate costs estimates.
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Row b looks at a quadratic specification, ignoring the other factor of
production (here ignoring investment in capital), as often done in Tobin’s
q type of models. It thus sets 7, = 2,e; = e31 = e3 = 0, i.e., has quadratic
vacancy and hiring costs, with no role for capital. The results appear rea-
sonable and there is no rejection of the model, but, this specification implies
very high, unreasonable costs, as seen in Table 9.

Row c looks at the standard (Pissarides-type) search and matching model
formulation with linear vacancy costs and no other arguments, as formu-
lated in (18), such that 7, = 1,61 = e31 = e3p = A1 = A = 0. The emerging
estimates imply even higher costs (shown in Table 9) and the parameter a
is estimated at a high value (0.77).

6.2 Post Estimation: Approximation and Decomposition

Table 10 reports the results of the variance decomposition defined by (33)
following the approximation (23).

Table 10

Table 10 shows that the key determinant of job value volatility (var(P))
is the last term, i.e., the sum of the co-variances of job values with fu-

ture marginal profits ) | (Q)] L eou(p,, MP; ;). Marginal profits MP,; are
j=1

net marginal productivity less the wage, all in terms of the average prod-

Smyj Wiy

St St
Mptj Mg

uct ((1—744) | a—

) |). Given the small variability of 7,,; and

Snpyj
Je+j
Ty Ty
terms play a very small role.

, the main driver of volatility are the future labor shares z;’:—:]] All other

7 The Counter-Cyclicality of Job Values

Section 5 above presented the cyclical properties of the key data series. This
section examines the cyclical properties of estimated job values in the dif-
ferent models in light of these data series.

7.1 Results and Implications for the Basic Equation

Table 11 reports the cyclical behavior of estimated job values, using the
point estimates of the LHS of equation (16), i.e. of marginal hiring costs, as
reported in Table 8.

Table 11 and Figure 6
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The preferred specification indicates counter-cyclicality, the Tobin’s q
model is weakly pro-cyclical or a-cyclical, while the standard model is
strongly pro-cyclical.

Getting back to equation (1) the implications of these results are that
they imply two contradictory views of job values.

The standard search and matching (Pissarides-type) model in its simple
form is as follows, re-writing equation (18):

fre1
e ; W41 €2
(1_Tt)a = E |:Pt+1( — Tti1) nf+1 [(x it +(14’t+1)qt+1]]

ny
(39)

This equation has a pro-cyclical MC; on the LHS, as shown in Table 11
and Figure 6. This is to be expected as it depends inversely on the matching
rate q; = Z—;, which itself is highly counter-cyclical. This means that job
values, the RHS, are pro-cyclical too. The Lucas-Prescott/Tobin approach
has a similar result, with marginal costs of hiring being weakly pro-cyclical,
as seen in Table 11 and Figure 6.

The preferred specification implies the opposite. The results of Table 11
and Figure 6 indicate counter-cyclicality. Note that this is a broader model.
It follows the Pissarides approach of using a vacancy creation equation but

1o

MC; depends on all the relevant rates — Z—, ™ and U‘* . This model delivers

counter-cyclicality on both sides of the equation, when the weight attached

Ny

to the Counter-cychcal is sufficiently high. In terms of equation (1) this is
given by:
ht koo
MC(-5, -, =) = EPVi()

l’lt Tlt ne N—————

counter-cyclical
counter-cyclical

and the counter—cyclical h—}(see Table 3 and Figure 1) dominates the pro-

cychcal and ot (see Tables 4 and 5 and Figures 2-3).

Wthh of the approaches is the right one? The analysis, which follows
in this section and in the sections below, reinforces the support for counter-
cyclical job values.

7.2 Consistency with the Logic of Q Model Dynamics

Consider the Q-theory model dynamics as depicted by the phase diagram
of Figure 7. These dynamics are well-known, as can be seen, for example,
in Figure 7.1 in Aceomoglu (2008, p. 273). The figure here shows QN on the
vertical axis and the employment stock 7 on the horizontal axis.
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Figure 7

This is derived as follows. Recall the F.O.C (ignoring taxes):

QY =E |:pt+1 [fntﬂ — Qg — W1 + (1 - 1/’t+1) Qﬁ—l“ (40)

QY = 8 (41)
qt

There are two dynamic equations underlying Figure 7.
One is the equation for the evolution of employment, given by:

n —n 0
trl ! = _lpt + Qt*t, O S 1Pt S 1 (42)
ne ne

Using (41) and the preferred specification I get:

N
S (at +a7)

vt _ " _ (e} + ex7) &
1y e [(1 — A= Az) + /\1(# + )\2[]%]2 e [(1 — A — )Lz) + /\1%} + /\zq%]z
(43)
Hence:
N

M1 =M L B q: (e3149; + ex2q7) 5

L er [(1— A1 —A2) + Mgl + Azqﬂz er [(1— A1 — A2) + g} + Aog?]

f\] 1 2\ Ut 1 212
= 4 (631% + Bszqt) — + e [(1 — A= Ay) + Mgp + M%}
fi ks

ng

This is the horizontal curve in Figure 7.
The other is the evolution of job values. Consider a re-write of equation
(40):

QY =E [Ptﬂ [(Dﬁftﬂ — (Qnpy Fwrg1)) + (1= ¢,) Qﬁl”

Ny

Hence, under perfect foresight:

Qzlf\-lq—l - Q?’ = Qﬁrl - [Pt+1 [(‘X -
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The stationary schedule is given by:

Qﬁl - Qf\[ = 0= Qﬁl (1 P (1 - 1/’t+1)) - [Pt+1 [("‘ftﬂ — (&npy + wt+1))H

|

Or11 fra1
Qr, = 04 —(gn,y +Wwi1))
(T=p (I =) .
fr41
J —(9n, .+
As it is reasonable to assume ((x"‘* 1 (gant“ le)) < 0 this is a down-

ward upward sloping curve in Figure 7.

This set-up engenders the saddle path dynamics depicted in Figure 7.
Note that when the employment stock (n) is relatively low (lower than n*),
and thus output f is relatively low, the job value (QV) is relatively high. As
the economy moves along the saddle path, n (and f) rise while Q falls.
Hence there is a negative correlation between n and f, on the one hand,
and QN on the other hand. The intuition is clear: when the employment
stock is low there is a need for high hiring to bring it to steady state. The
same works in the opposite direction for high values of n. Hence these well
known theoretical dynamics imply counter-cyclical hiring rates and job val-
ues, as found above.

8 Cyclicality and Volatility of Recruitment Rates

In what follows I discuss the cyclicality and volatility of the key variables
relating to recruitment, using the results above and relating to the concept
of job values. In particular, I seek to explain the high volatility of these
variables, widely discussed in the literature.

8.1 Data Moments

I first look at the data moments of the key variables: the hiring rate — both

1
the total one % and the rate from non-employment " the vacancy rate 2
t ng ng

and the job filling rates g} and g2. I also look at the investment rate % All
variables are logged and HP-filtered.
The standard deviations are reported in Table 12a.

Table 12a

Two points can be noted:

(i) The vacancy rate and the job filling rates are much more volatile than
the hiring rates. As ﬁ—’; = (q; +q7): this is the result of the negative co-
movement of 2 and (g} + q7),reported below.
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(ii) The vacancy rate is more volatile than the investment rate, which in
turn is more volatile than the hiring rate.
Table 12b reports the co-movement of these variables with respect to

NFCB GDP f and with respect to the job value ( Qo 7, as estimated in Ta-

1—Tt iy
t
ble 8 row 1. First consider the second moments of these reference variables

themselves.
Table 12b

Job values are much more volatile than NFCB GDP and are negatively
correlated with it, i.e., are countercyclical.

The correlations of the key variables with these reference variables are
given as follows.

Table 12¢

These series are shown in Figure 8 with the lines indicating the start and
end of NBER-dated recessions.

Figure 8

In terms of the business cycle, the well-known moments are the pro-
cyclicality of the investment rate and of the vacancy rate and the counter-
cyclicality of job filling rates. Much less known is the weak cyclicality
of hiring rates, with the rate of hiring from non-employment, even being
counter-cyclical.

As to job values, they have positive co-movement with the flow from

non-employment, as expressed by the hiring rate % and the job filling rate

q;. They negatively co-move with the decision variables of the firm - va-
cancy and investment rates.

8.2 The Vacancy Rate

To explain the volatility and co-movement of the vacancy rate, I start off
from the FO.C:

8o Qi\r
(I—7) =% =
oo

Using the preferred estimates of Table 8 row 1 I get:

1 e2 [(1— A1 —A2) + Mg + g 2 | o

nt =

qi +qt + (e319; + ea247) Q-7 L
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The vacancy rate can then be expressed as follows:

QY
v (1—Tt)f—t (q} =+ q%)
e (45)

n e2 [(1— A1 — A2) + Mgl + Arg?)?
(es19; + exd7) ¢
1) [(1 — A — )\2) + )qu} + Azq%]z

The vacancy rate is composed of two terms:
1, 2
(qt +‘7t)
e2[(1-A1—A2)+ Mgl +Aag?]
which is a non-linear function of the job filling rates g and 47 and model
parameters (e2, A1, A7).

(i) The job value o multiplied by a factor

(1-m) i’

- (631q}+€32%2>
e[(1-M—A2)+ gl +Aag?]”
which is a non-linear function of the job filling rates g} and ¢? and model
parameters (e2, €31, €32, A1, A2).

Table 13 reports the variance decomposition which ensues:

(ii) The investment rate ,%, multiplied by another factor

N
-
var(=) = oar = (46)
n 1 212
t e [(1— A1 — Ag) + Agf + Aag?]

( (e319; + e3247) f?ﬁ >
“+var 5
e [(1— A1 — Ag) + Agf + Aag?]

o 1, 2 .
(-t (9 +37) (es19; + ex247) ¢

1) [(1 — A= )\2) + )qu} + )\26]%]2’ e [(1 — A — /\2) + )\16]} + Azq%]z

—2cov

Table 13

The table implies that by far the biggest part of the variance of vacancy
rates can be attributed to its second term, i.e., investment rates ,l(—‘t multiplied
by the factor delineated above. This term becomes zero in the case of no
interaction of hiring costs and investment costs (e3; = ez, = 0).

Table 14 shows correlations of the two terms making up ;* with GDP

(ft) and with job values ( Qo ), where all variables have been logged and
J ft 88

(1 7Tt) =
HP-filtered:

nt

Table 14
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Vacancy rates are pro-cyclical (0.91) and negatively correlated (—0.56)
with job values. The pro-cyclicality, as well as the negative correlation
with job values, is very much engendered by the correlations of the second
term with GDP and with job values. In contrast, the first term making
up the vacancy rate, is weakly pro-cyclical and has a positive, rather than
negative, correlation with job values.

Hence the second moments of the vacancy rate are dominated by the
interaction of hiring and investment costs. The latter are a function of in-
vestment rates, which are volatile and pro-cyclical, as reported in Table 12
above.

8.3 The Hiring Rate

I now seek to explain the volatility and co-movement of the hiring rate.
Note that the total hiring rate Z—: is given by:

QY 2
o, Ey (9 +a7)
nt

1 2
— = (qi+q)—= (47)
( ! t> ny e [(1 —AM - /\2) + )\1(]} + Azqﬂz
(gl +47) (engi +enai) £
e [(1— A1 — A2) + Aag} + Aag?)”

I repeat the same computations for hiring rates. The variance of hiring
rate is given by:

N 2
h, (PQW (9i +a7)

1 e [(1 — A — /\2) + )qu} —+ )\26]?]2

( (9 + q7) (ea14} + exn?) - )

“+var 5

ez [(1— A1 — A2) + Mgf + Aag?]
QN

—2co0v

1 2)2 ‘
(1—7) &t (: +47) (91 +q7) (ea19; +exq7) £

(48)

er [(1= Ay — Ag) + Mgl + Aog?] ea [(1 = Ay — As) + Mgl + Aag?)?

This yields the following decomposition in Table 15:
Table 15
The table again implies that by far the biggest part of the variance of

hiring rates can be attributed to its second term, i.e., investment rates ;(—ft
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(qi+4?) (Estfszfﬁ)
e2[(1=A1—=A2)+A1g} +1247]
of the job filling rates q} and q% and model parameters (e, €31, €32, A1, A2).
This term becomes zero in the case of no interaction of hiring costs and
investment costs (e3; = ez» = 0). Note, too, that the variance 2of the first
term, job values Qo 7 multiplied by the factor (gi+1) 5,

(1-m) it e2[(1=A1—A2)+A1q}+A2q?]
only slightly higher than the variance of the hiring rate itself.
Table 16 shows the correlations of the two components of % with GDP

multiplied by a factor > which is a non-linear function

is

(ft) and with job values ( Qo ), where all variables have been logged and
J ft 88

(1 7Tt) b
HP-filtered:

nt

Table 16

Hiring is weakly related to GDP and to job values. Its two constituent
terms offset each other, hence the weak correlations.

8.4 The Rate of Hiring from Non-Employment

Turning now to the hiring rate from non-employment, it is given by:

N
(1_QW (9 +a7) ai

hl v 7
P [l f 0 (49)
t t e [(1 —M—A)+ AMg; + /\zqt]
q; (es1q; +exqy)
e [(1— A1 = A2) + Mg} + Aog?)?

Thus:
N
hl (1_Q,rtt)ﬁ (q} + q%) q}
var(-L) = ovar - 5 (50)
n ez [(1— A1 — A2) + Mg} + Axg?]

( gt (esqt + end?) i >
“+oar 5
e [(1— A1 — Az) + Mgt + Aog?]

QY 1., 2\ .1 .
oy ) 4 ! (engl +en?)

e2 [(1— A1 — A2) + Mg} + A2g?]* €2 [(1— A1 — A2) + Aagh + Aag?]

—2cov

This yields the following decomposition in Table 17:
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Table 17

Here the first term, which depends on the job value, plays the bigger
role.
Table 18 shows the correlations of the two components of I:Z—% with GDP

(ft) and with job values (%), where all variables have been logged and
Y

HP-filtered:
Table 18

The dominant role of the job value term is seen here by the correlation

of the hiring rate (Z—%) with it (0.78) and by the fact that the hiring rate is
counter-cyclical, following the counter-cyclicality of job values.

8.5 The Standard Search and Matching Model.

Now consider the same analysis in terms of the standard search and match-
ing model. The relevant equation is:

_ 8o Qi\r
which in this case is given by:
N
e
1-m)2=9 6

my mi Ny
qt —= _— = ——
Ut ny O
B ﬁ oc—1 & 1—0c
N ng ng
So:
() i\]
(1—1¢) == (52)

Solving out for the vacancy rate:
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In log terms this is given by:
nvt:lllnez—ln<ut>1g—ln<Qg\] )]
n o — 1y ny % (1—1¢)

The variance decomposition is thus given by:

(53)

Table 19 reports.
Table 19

The dominant term is the job value term, but all terms are sizeable ex-
cept for the co-variance between job values and the matching technology.

Table 20 shows the correlations of the components of ;* with GDP (f;)

Qo ), where all variables have been logged and

and with job values ( 7
(1—Tt)ﬁ

HP-filtered.
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Table 20

Vacancy rates are pro-cyclical and also positively correlated with job
values, which are pro-cyclical in this model.

8.6 Summing Up

The key series pertaining to recruiting display differential behavior.
(i) For both the vacancy rate ;! and the hiring rate L’—; the following is
found:

a. There are two determinants: the job value

Qo multiplied by a
(1717)%
factor and the investment rate ,% multiplied by a different factor, with each
factor being a function of the job filling rates and model parameters. These
factors are functions of market conditions.

b. Much of the variance comes from the term which depends on the
investment rate, hence the interaction of hiring costs and investment costs
is key.

c. Both are pro-cyclical due to the fact that the high pro-cyclicality of
the investment rate term dominates the counter-cyclicality or the weak pro-
cyclicality of the job value term.

(ii) The hiring rate from non-employment ﬁ—}t behaves differently. It fol-
oY
(1=t

(iii) In the standard search model the job value term dominates as well,
and the vacancy rate is tightly linked to it. In this model the job value is
pro-cyclical.

term dominates.

lows the behavior of job values, as the

9 The Role of the Labor Share

The labor share in GDP plays a key role in the results here. It has also been
the focus of some attention in recent macroeconomic models of the business
cycle.

The main reason for the key result of this paper is the cyclical behavior
of the labor share. The variance decomposition of the approximated PV;
reported in Table 9 reveals that the main determinant of the present value is
the labor share; this is so because I am looking at the following expression

(noting that all variables are computed relative to Jee1 E

g1/ °

f”tﬂ — 8npn T Wil - — Snp T Wi
St fi1
M1 M1
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—8np4q
ft+1
M1

As w is constant and the term is small, the main driver is the labor

w,
share, ff—:]l
M1

Consider the cyclicality of the labor share:

Table 21

Noting the bolded numbers in the table, dynamically, the labor share is
pro-cyclical. Hence job values are counter-cyclical.

This cyclical behavior has recently been noted by a number of authors.
The observation, whereby the labor share first falls in a boom and sub-
sequently rises for a substantial period of time, i.e., is dynamically pro-
cyclical, was discussed by Rios-Rull and Santaeulalia-Llopis (2010). Hall
(2014b) finds that the labor share is a-cyclical contemporaneously and pro-
cyclical subsequently.

Ramey and Nekarda (2013) examine the cyclicality of mark-ups. Es-
sentially they treat the mark-up as inversely related to the labor share (see
their equation 5), allowing various modifications to the relationship, such
as overhead hours, CES production functions, and differentials between
marginal and average wages. Studying both aggregate and four-digit man-
ufacturing data of the U.S. economy, they find that mark-ups are contempo-
raneously pro-cyclical and that dynamically they are counter-cyclical. The
latter finding means that if GDP is low now (recession), mark-ups will rise
henceforth (see their Figure 2). This is similar to the finding here that job
values are counter-cyclical, i.e., that the present value of profits rises in re-
cessions. It is so for the same reason, namely that the future labor share
declines (dynamically the labor share is pro-cyclical).

Ramey and Nekarda (2013) also make the point that their findings con-
tradict the conventional wisdom of New Keynesian models. The latter
posit that demand shocks (monetary policy or government spending shocks)
increase marginal costs while prices are sticky. Thereby positive shocks in
these models lower the mark-ups,i.e., engender counter-cyclical mark-ups,
contemporaneously, in contradiction to the Ramey and Nekarda (2013) em-
pirical findings.

10 Explaining the Decline in Labor Market Fluidity

Recently, Davis and Haltiwanger (2014) have documented a decline over
time in U.S. labor market fluidity. They provide detailed evidence, in terms
of both worker flows and job flows (see, in particular, their Figures 1-10).

In terms of the variables in the current analysis this is manifested in the
decline of %], %2, 1/)1, 1/J2 and 7, which can be seen in Figure9 for the full sam-
ple period (noting that job to job flows are measured from 1994 only).
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Figure 9

The afore-going analysis can account for these facts. Consider the fol-
lowing equation derived from (14):

N
O — (1) 8o (54)
VTt qtﬂt

Table 22 and Figure 10 show the LHS and the RHS of equation (54)
separately for two sub-periods. It is hard to pinpoint one particular year as
the dividing line, so somewhat arbitrarily the following sub-periods were
examined: 1976-1995 and 1996-2013. In order to cater for the longest sample
period possible, the figure uses the preferred estimates of row 2 in Table 8
for the parameter values and for the average value of the LHS in each sub-
sample It also uses the data averages in the sub-samples for the variables
Tt,q} and ” . Note that under this specification, which omits job to job flows,
the RHS of (54) is given by, omitting time sub-scripts to denote averages:

(1-1)8 =(1-1) <e2qv + e311> (55)
T " k
Table 22 and Figure 10

The figure shows that job values (QTN) —depicted as the horizontal lines —

went up, going from the pre-1995 per;od to the post-1995 period. This rise
is consistent with the decline in separation rates (¢) and in tax rates (1),
but could also have been engendered by other changes. In itself it should
have led to higher vacancy rates. But the upward sloping curve, expressing
marginal costs ((1 — T) &y 7), also went up. The final outcome (shown in the

intersection of the dashed lines) was that vacancy rates declined, as the rise
in marginal costs dominated the rise in job values. The reason for the rise
in marginal costs is the rise in the job filling rate (q) . It should be noted,
too, that marginal costs went up also because taxes (7) declined, but the

latter change also contributed to the rise in QTN Thus, the term (1 — 7) on

both sides of (54) cancels out. The change in g dominated the offsetting
effects of a rise in the investment rate (%). Hence the decline in recruiting
activity took place as the result of the rise in the firm job filling rate, which
led to higher costs. The rise in costs was bigger than the rise in the expected
present value of profitability from workers, both at the margin.

These developments are echoed by Davis and Haltiwanger (2014); on
page 12 of their paper they discuss higher training costs as an explanatory
variable. Here a higher value of g, which the firm takes as given, leads to a
higher rate of hiring and, thus, to higher costs. One needs to note, though,

28



the process depicted here: firms see, and take as exogenous, a rise in job
filling rates g as well as in job values QTN ; the former leads them to open

vacancies at a lower rate (for a given jobnvalue), while the latter leads them
to increase the vacancy rate. With the former dominating the latter, across
the two sub-periods, vacancy rates declined. As g rose less than vacancy
rates ; went down, the resulting hiring rates % were lower, as seen in Figure
9 above.

11 Conclusions

The paper depicted the following picture: using a model of recruiting,
whereby costs are a function of vacancy rates and hiring rates, one can fit
the data with a moderate costs formulation. The standard matching model
or a standard Q type approach are unable to match the data, and produce
high costs estimates. The implied job values of the preferred specification
are counter-cyclical. This is so because of the dynamic behavior of the labor
share, which is the dominant element in driving job value. Hence, some-
what counter-intuitively, hiring from non-employment is counter-cyclical.
All the while hiring from employment, job finding rates and employment
are all pro-cyclical. These patterns are consistent with phase dynamics of a
Q model.
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Tables and Figures
Table 1
Alternative Formulations of The Recruiting Equation (1)
Linear Costs Models
] \ paper \ firm size \ LHS, costs, arguments
1 Pissarides (2000, chapter 1) single job v,p
2 Pissarides (2000, chapter 2) single job v
3 Shimer (2005) single job v
4 Hall (2005) single job? v
5 | Mortensen and Nagypal (2007) | single job v
6 Hall and Milgrom (2008) large v
7 | Hagedorn and Manovskii (2008) | single job v: cKp+cpt
8 Elsby and Michaels (2013) large v
9 Christiano et al (2013) large %
10 Hall (2014a) single job v
RHS, job value
f (production) \ w (wages) \ s (separation) \ p (discounting)
1 exo, stoch Nash exo, constant constant
2 exo, stoch Nash endo, stoch constant
3 exo, stoch Nash exo, stoch constant
4 exo, stoch sticky exo, constant constant
5 exo, stoch Nash /rigid/Calvo exo, constant constant
6 exo, stoch alternating offers exo, constant constant
7 exo, stoch Nash exo, constant constant
8 pxF(n) Intrafirm bargaining endo, stochc constant
9 hy =1 alternating offers exo, constant GE, IMRS
10 exo, stoch Nash/alternating offers | exo, constant | from stock market

exo=exogenous
endo=endogenous
stoch= stochastic
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Convex Costs Models

paper size LHS, costs, arguments
arguments \ function
1 Merz and Yashiv (2007) large %, i', f linear-convex
2 Gertler and Trigari (2009) large % quadratic
3 Gali (2010) large b power
4 | Acemoglu and Hawkins (2014) | large v convex
RHS, job value
f (production) ‘ w (wages) ‘ s (separation) ‘ p (discounting)

1 ezfn‘;‘k}’“ exo, stoch exog, stoch WACC
2 ztn‘t"k}"" Nash, Calvo exo, constant GE, IMRS
3 AtNtl_"‘ Nash, Calvo exo, constant GE, IMRS
4 y(n;z) Intrafirm bargaining | exo, constant constant

exo=exogenous
stoch= stochastic
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Table 2

Descriptive Sample Statistics
Quarterly, U.S. data

a. 1976:1-2013:4 (n = 152)

Variable L1 i 5w i o " 8
Mean 014 038 0024 002 062 0.126 0031 0125 099

Standard Deviation 0.01 0.05 0.003 0.003 0.02 0.010 0.007 0.010 0.005

b. 1994:1-2013:4 (n = 80)

Variable % T : ) % % — h“nrh2 2 P =gl + 2
Mean 015 034 0.026 0.02 0.61 0.178 0.028 0.178

Standard Deviation 0.01 0.005 0.002 0.002 0.03 0.012 0.005 0.012

p
Mean 0.99
Standard Deviation 0.005
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Hiring Rates from Employment (Job to Job flows) and GDP
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Table 5

Vacancy Rates and GDP
P(%;ftﬂ')
i -8 -4 -1 0 1 4 8
-026 029 082 089 083 039 -0.13

2
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-.3
A A A A A A
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| — GDP — vIN

Figure 3: Cyclicality of ;'
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Table 6
Total Hiring Flows (NSA, 000s)
Sample: 2001 : 1 — 2014 : 06

| CPS JOLTS

Mean 8595 4698
Median 8609 4765
Std. Dev. | 496 484
(G OAY 0.06 0.10
Skewness | 0.25 —0.25
Kurtosis 2.42 2.14

Table 7
Stochastic Behavior of the Gross Hiring Rate
and Other Labor Market Variables

Co-Movement (contemporaneous correlation) with GDP

logged, HP filtered
h ! ¥ 1
nt n7t t -1 ny
t Uur+o¢ h L
ﬁ_kw POP;

081 -025 053 -039 -0.82
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Table 8

GMM Estimates

| specification e1 er es1 €32 o J-Statistic
a benchmark 77.3 9.1 —2.8 —19.6 0.66 51.6
(6.29) (0.98) (1.2) (0.9) (0.003) (0.74)
b Tobin’s q for N 0 30.8 0 0 0.70 61.9
— (0.9) — — (0.003) (0.48)
c || Standard matching model 0 9.3 0 0 0.77 62.5
N, =1LA=2A2=0 — (0.1) - — (0.002) (0.46)

Notes:

1. The table reports point estimates with standard errors in parentheses.
The J-statistic is reported with p value in parentheses.

2. The following parameter values are set unless indicated otherwise:
M =06;A02 =021, =1, =213 =13 =1

3. The instrument set for both equations is {7}’;, ,%, pf} ; for the invest-
ng

fe+1

. k . . . .
ment equation also ~#* is used;and for the vacancies equation also Z—i is

k
used; all with lags 1 tot6, 8 and 10.
4. The sample period is 1994:1 — 2013:4.
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Table 9
Estimated Marginal Costs -Moments
1994 :1—-2013: 4

benchmark Tobin’s Q for N Standard matching model

mean 0.12 0.90 0.97

median 0.12 0.89 1.00

std. 0.03 0.03 0.13

auto-correlation 0.91 0.55 0.92

skewness —-0.07 0.0007 —-0.37

kurtosis 2.37 2.49 1.97
Notes:

1. The series in the table are the LHS of the estimated equation namely

(1 — Tt) %
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Table 10

Variance Decomposition (T = 30)

1 2 3
benchmark | Tobin’s q for N | Standard matching model
var(PVyr) 0.01 0.008 0.01
T
Or()lfiE(()MP) Z(Q)/*lcov(phg;ﬂ)
=1
;M(pvt ) 0.04 0.09 0.07
T
Org)lff((lMP) Z(Q)jilcOU(Pt,g{_H-)
=1
;M(PVH) —0.02 0.04 0.03
T
Qrolff((le Z(Q)j_lcov(Pf'g§+;)
j=2
i}ar(PVt ) —0.007 0.06 0.06
T
rf Y Q) eou(P,MP,)
i=1
5 (PVia) 0.74 0.78 0.62
residual 0.24 0.02 0.21

Notes:

1. See Appendix E. The basic equation is:

var(P) =

QO'Q/E(MP)
1-0

Q' O'E(MP)
1-0
Q'O E(MP)
1-0

M I TMe

~
I
N

(Q) " cou(Py g14) +
(Q) " cov(Py g/ ) +

(Q) ™ cou(Py, gi.) +

QY (Q)Y " cov(P, MP,)

j=1
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Table 11
Job Value Cyclicality

Benchmark model

p(LHS: yiti)
HP filtered (A = 1600)

i -8 —4 -1 0 1 4 8

y —-004 -046 -067 —-063 —-049 0.04 0.33

Tobin’s q
p(LHS:, yti)
HP filtered (A = 1600)

i -8 —4 -1 0 1 4 8
y —-028 -024 0.03 013 027 041 0.19

Standard model
HP filtered (A = 1600)

i -8 -4 -1 0 1 4 8
y —026 038 085 090 079 039 -0.18
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Table

12a

Volatility of Recruiting Variables

std

&1 0.07

gl 012

g2 | 0.08

21011

170,02

-+ 10.02

Table

Moments of the Reference Variables

12b

f

Qr
(1—1p) 2t

std | 0.02

I
0.12

—0.63

Table 12¢

Co-Movement of Recruiting Variables

p(row,column) | f (1?5) i
& 0.87 | —0.83
q; —0.89 | 0.67
7 —0.79 | 0.39
o 091 | —0.56
% 0.27 0.15
b —028| 078
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Table 13

Variance Decomposition: Vacancy Rate

variance value | relative to var(;!)
var (3t 23%107° 1
QN
B Tt>ff (al-+at)
—'t)n —6
var L - 2 2.7 %10 0.12
€2[(17/\17)L2)+)\1qt+)\2qt]
1 2\ 1t
(331’1r+€32’7r)17 -5
var T 2.5%10 1.08
ea[(1-A1—Ap)+A1q} +A207
a Qgiff (ai+4t) (ex1q} +enq?) i
~Tt)ng 314 T4 ) &f —6
cov L - 2 T 2.4 %10 0.11
62[(17)\17)\2)%»)\1%4»/\2%] Cz[(lf/\lf)tg)+)\1qt+)tzqt]

Table 14
Co-Movement: Vacancy

Rate

0 (% ft> 0.91
N
(]itt)ﬂ (q}""#)
N , 0.26
p 62[(1*/\1*)\2)+A]q}+/\2q$]2 ft
( “(ewnitendi), > 0.92
p 62[(1—/\1—/\2)+)\1qtl+)\2q$]2’ f )
v QN
p <n§, (“'t)ft) ~0.56
I\’]/lt
9 17 (‘#+‘7%)
p (1-7¢) i . Qg\l 049
e[(1-M—Aa)+ Mgl dag?]” (=T Lt
p( ewlrent)i o > —0.77
62[(1—/\1—/\2)4-)\1%}—0-)\2%2] (1—Tr)%
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Table 15
Variance Decomposition: Hiring Rate

variance value

relative to var(;; by Y

2
(1— /\1 Az +/\1qt+)\2qt] " ea[(1-A1=A2) +A1g}+ 2]

-— # 1.5%104 1
N
+
=AY ) 1.8%10% 1.19
(1A —A2) +Aag!+A2g?]”

< gi+q7) (enal Hexd?) > 445104 2.90

1 )\1 )\2 +/\1qt+/\2qt] '
( ah+af)’ (a1 +a7) (engl +ena?) 2.3 %10~ 1.55

Table 16
Co-Movement: Hiring Rate

o (L. f) 0.27
N
(1,Q7t)ft (%"‘%)
i , —0.65
p Ez[(l*)\lf)Lz)‘i’/\lq[ +)\2q%]2 ft
—(at+a7) (enqt+exd; ) & >
i 0.82
i (82[(1/\1/\2)+)\1%1+)\2’1%]2 S
he QY 0.15
p (Hf’ (1—Tf2\]£i> )
O
0 (1—n)£’; <qt fh) oY 0.99
e[(1-M—Ag)+ gl rag?]” (=T Lt ‘
0 < —(q}+47) (ea1q} +exdi ) & o ) 086
ea (1M~ o) +hagf+Aag?]”” () '
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Variance Decomposition:

Table 17
Hiring Rate (from non-employment)

. I
variance value | relative to var(;")
1
var n—f 12%10°5 1
qﬁ"qt)q
il 1.4%10* 11.4
[(1-A1—A2) +)\1%+)\2’7t]
< it (enal et ) 93105 7.6
(1- A1 sz +A1qt+Azqt]
‘h +‘1r)‘1t 1 1 2\ it
'h (931% +e3q; ) i _
, L 1.1x104 9.0
1 )Ll /\2 +/\1Qt+/\2qt] 2[(1—/\1—/\2)+)\1£],+?\2qt]

Table 18
Co-Movement: Hiring Rate (from non-employment)
I
o (i 1) ~0.28
N
(1_Qt)ft (‘Jt+4t)‘1t
- , —0.68
o ea[(1-A— A2)+A1q}+A2q§]2 fi
—q} (enqt+enq?) f 0.84
P 62[(1—/\1—/\2)4‘)\1‘7}*‘7\2’#]2/ t ‘
W QN
Pt 2y ) 078
N =
1c Qf)ff (%Jr%)qr o
oL . 0.997
P ez[(l A— )\2)+/\1q}+/\2qt] (-7 )ft
o ( —at (et +endt) Q > —0.84
o2 (1-Aa—Aa)+hgl+Aag?]” (A=) & ‘
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Table 19
Variance Decomposition: Vacancy Rate, Standard Model

variance value | relative to var (ln %)
f) 0.03 1
)2 var |In % 0.05 1.8
1_
)2 oar [In (%) 0.05 16
var |In 7 Q 0.09 29
L %(1—’&)
e u
cov [In £,In (zﬁ) 0.04 13
e QN
cov |In 2, In = 0.01 0.3
TS
1-0 N
U Qt _ _
cov |In () " n T 0.03 1.0
Table 20
Co-Movement: Vacancy Rate, Standard Model
0 (ln % In ft> 0.89
e
0 (ln V—Zt,lnft> 0.01

0 <ln (i‘;)la,lnﬂ> -0.87

QN
<ln ff(1trt)’lnft> 0.90

In2,In 2 ) 0.96
t It

Y
In &, In & 27
p(n f'ni’t(l—ﬂ)> 0.

H
1-0c N
n (%) ", (fn)) -0.85
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Figure 8: Logged, HP filtered Series
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Table 21
The Labor Share and GDP
o(ye, 75

Mt

logged, HP filtered (A = 1600)
-8 —4 -1 0 1 4 8

-036 —-038 —-029 -023 —-0.02 0.53 0.46
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Figure 9: Decline in Worker Flows and Vacancy Rates
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Table 22

1976-1995 | 1996-2013
N
Ti 0.7 1.03
ny
Tt 0.41 0.34
g 4.01 6.4
,% 0.022 0.026
Pv,MC T ,
/
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/
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Figure 10: Job Values and Marginal Costs Across Sub-Periods
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13 Appendix A: Alternative Formulations of The Re-

cruiting Equation (1)

Linear Costs Models
paper the hiring equation
1 | Pissarides (2000, ch.1) ““*qugg(‘)))m: 1-B)(p—2)
. . I-R
2 | Pissarides (2000, ch. 2) ﬁ: (1-B8)imx
T=Pp—2)
3 | Shimer (2005) C[(r—i—s—l-/\)q(elﬁ—l—ﬁep/s] = +/\C]§psq(91 )
p/,s/
4 | Hall (2005) k= Bo( —wy); J.= pa —9)
= Bp(x,) Ly s (Jg—wy); o= zs+ o Tt (Jo—wy)
s/ tss! \J gt s’
5 | Hall & Milgrom (2008) c=q(6,)(P,—W;)
6 | Mortensen & Nagypal (2007) fc((;’;) = ]P: p*wpfsfpt)\(Ep]w*]P)
7 | Hagedorn & Manovskii (2008) | c,= 64(6 p)E oIy
. pxF'(n) —w(n,x) —w, (n,x)n N
8 | Elsby & Michaels (2013 =0,Anl"=h
y & Michaels (2013) —S174p [ Ty (n, x')dG (x| x)
9 | Christiano et al (2013) Ké: Ji= v} —wl= vt—wt—i—pﬁEtTil(vfﬂ—wﬁl)
10 | Hall (2014a) == (32)
Convex Costs Models
paper the hiring equation
frn=8n,,, — W1
1 | Merz & Yashiv (2007) 1-7 =Et |my1(1—1,.,) P
( t)ght a bl +(1 - lpf+1)ght+l
. S((1—-a)% —w o
2 | Gertler & Trigari (2009) kx = BE —li S(J(CIZ N p)k;’ | w,s ;X =
Wi(j)
P e
3 | Gali (2010) (%) (1— ) AN;(j) = 4T (%) :
t
—(1=0)E{BGra}
4 | Acemoglu & Hawkins (2014) | ¢'(0) = ¢],,(n.;2); ], (n.t;2) =125V (n, t;z) — V' (1)]
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14 Appendix B: The Estimating Equations

14.1 The Cost Function and its Derivatives

m ( )’71

Ui
g() _ _|_;22 [(1 A— Az)wit}thtvﬁ)\z%w} 2 f(zt/nt,kt). (56)

.1 131 20\ 32
e [ 1t 9: 9t e [ 1t 950t
+'731 (kf e ) T 132 (kt e )

22 — 1 . 2 .
B e ()™ (et e (B2)" (e

-1
e [(1_A1_AZ)vtMlq}vtMM%vt}172 [(1— A1 = A2) + A1g} + Aog?]

ng

8vr 1 (i \31 [ qlos M31~1
s +eantt (£) (%)

n S\ 2 f3—1
t +€325]% (%) 32 (q;f:z) 32
(58)

: 1 + N\ 31 M3
ke LAY qi0t 1t qros iy
= [el(kt) 1 —1—631( 1 kt> —1—632( 1 ks > ] (59)

e1 (i
n (6" ,
ey [ (A=A —A)vi+Mglor+Aagio |12
ta-a | +2] s

you (iaee)"y en (i g200)"
31 t M Nz \ ke m

g 32 (17/\1*/\2)0t+/\1q}1)t+)\2q%w 2

n ne

ft - qioe iy 31 Qtvt i T2 (60)
T e T k) T nk

" ( )’71

er | (I=A— Az)vt+A1qfvt+Aztht T2
+a | [ m

iogl 31 M3
e [ It 9: 0t ep (i 4ioe
+’731 (k, ny ) T 32 (kt ny )




14.2 The Estimating Equation

Replacing expected variables by actual ones and a rational expectations
forecast error, the estimating equation is :

fnt+1 — &npia _gwt-i-l
+(1 =) T

qr+1

+ Ji (61)

(1—1) ng;, = [Pt,t+1 (1—1441)

As explained in the text, estimation pertains to a, e1, €2, €31, €32, 11, 15, 131, 30, A1, A2
or a sub-set of these parameters.
I estimate this equation after dividing throughout by .

14.2.1 The Standard Search and Matching Model

In this case e = e31 = e3 = 0,57, = 1,A; = Ay = 0 and the equation
becomes:

fH~1
(] M1 Wi41 ()] .
1-7) 2 = 1— T a— (=g )| | +ji
( ) 0 P41 ( +1) % ﬁfl ( ‘Pt+1)qt+l ]

(62)
This is estimated for e, and «.

14.2.2 Costs Model

In this case A1 = 1.

57



15 Appendix C: the Data

variable \ symbol \ definition

GDP f gross value added of NFCB

GDP deflator pf price per unit of gross value added of NFCB

wage share % numerator: compensation of employees in NFCB
discount rate r the rate of non-durable consumption growth minus 1
employment n employment in nonfinancial corporate business sector
hiring h gross hires

separation rate P gross separations divided by employment

vacancies v adjusted Help Wanted Index

investment i gross investment in NFCB sector

capital stock k stock of private nonresidential fixed assets in NFCB sector
depreciation ) depreciation of the capital stock

price of capital goods | p! real price of new capital goods

variable ‘ symbol ‘ source

GDP f NIPA accounts, table 1.14, line 41

GDP deflator p/ NIPA table 1.15, line 1

wage share % NIPA; see note 7

discount rate r NIPA Table 2.3.3, lines 3, 8, and 13; see note 1
employment n CPS; see note 2

hiring h CPS; see note 3

separation rate P CPS; see note 3

vacancies v Conference Board; see note 4

investment i BEA and Fed Flow of Funds; see note 5
capital stock k BEA and Fed Flow of Funds; see note 5
depreciation ) BEA and Fed Flow of Funds; see note 5
price of capital goods | p! NIPA and U.S. tax foundation; see note 6

The sample period is 1976:2-2013:4 unless noted otherwise; all data are

quarterly.

Notes:

1. The discount rate and the discount factor
The discount rate is based on a DSGE-type model with logarithmic util-

ity U(c¢) = Inc;. Define the discount factor as p,

In this model:

Hence:

= 1tr
U'(ct) = U'(crg1) - (1411 (63)
C
P = Ct-it-l (64)
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where c is non-durable consumption (goods and services) and 5% of durable
consumption.

2. Employment

As a measure of employment in the nonfinancial corporate business sec-
tor (n) I take wage and salary workers in non-agricultural industries (series
ID LNS12032187) less government workers (series ID LNS12032188), less
self-employed workers (series ID LNS12032192). All series originate from
CPS databases. I do not subtract workers in private households (the unad-
justed series ID LNU02032190) from the above due to lack of sufficient data
on this variable.

3. Hiring and Separation Rates

The aggregate flow from non-employment — unemployment (U) and
out of the labor force (O) — to employment is to be denoted OE + UE and
the separation rate 1, is rate of the flow in the opposite direction, EU + EO.
Worker flows within employment —i.e., job to job flows — are to be denoted
EE.

I denote:

h ht h?
= () () )

n' OE+UE
o E
W EE
n  E

Hence k! and h? denote flows from non-employment and from other
employment, respectively.
Separation rates are given by:

p o= ¢ty (66)
. EO+EU
o= E
»  EE 1
S ETw

Employment dynamics now satisfies:

ne = (1— ¢t —9*)ng + by + h? (67)
= (1—1/Jt)nt+ht, Oﬁl[thl
W=

To calculate hiring and separation rates for the whole economy I use the
following:
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a. The hi and ¢} flows. 1 compute the flows between E (employment),
U (unemployment) and O (not-in-the-labor-force) that correspond to the
E,U,O stocks published by the CPS. The methodology of adjusting flows to
stocks is taken from BLS, and is presented in Frazis et al (2005).5The data
till 1990:Q1 were kindly provided by Ofer Cornfeld. The data from 1990:Q2
onwards were taken from the CPS (http:/ /www.bls.gov/cps/cps_flows.htm).
Employment is the quarterly average of the original seasonally adjusted to-
tal employment series from BLS (LNS12000000).

b. The h? and ¢? flows. The data on EE, available only from 1994:Q1
onward, were computed by multiplying the percentage of people moving
from one employer to another using Fallick and Fleischman (2004)’s’data
by the NSA population series LNU00000000, taken from the CPS, complet-
ing several missing observations and performing seasonal adjustment.

4. Vacancies

I use the vacancies series based on the Conference Board Composite
Help-Wanted Index that takes into account both printed and web job ad-
vertisements, as computed by Barnichon. The updated series is available
at

https:/ /sites.google.com/site/regisbarnichon/research /publications.

This index was multiplied by a constant to adjust its mean to the mean
of the JOLTS vacancies series over the overlapping sample period (2001:Q1-
2013:0Q4)

5. Investment, capital and depreciation

The goal here is to construct the quarterly series for real investment flow
it, real capital stock k; , and depreciation rates J;. I proceed as follows:

e Construct end-of-year fixed-cost net stock of private nonresidential
fixed assets in NFCB sector, K; . In order to do this I use the quantity
index for net stock of fixed assets in NFCB (FAA table 4.2, line 37,
BEA) as well as the 2009 current-cost net stock of fixed assets (FAA
table 4.1, line 37, BEA).

¢ Construct annual fixed-cost depreciation of private nonresidential fixed
assets in NFCB sector, D; . The chain-type quantity index for depreci-
ation originates from FAA table 4.5, line 37. The current-cost depreci-
ation estimates (and specifically the 2009 estimate) are given in FAA
table 4.4, line 37.

e Calculate the annual fixed-cost investment flow, I;:

8Frazis, Harley J., Edwin L. Robison, Thomas D. Evans and Martha A. Duff, 2005. Esti-
mating Gross Flows Consistent with Stocks in the CPS, Monthly Labor Review, September,
3-9.

9Fallick and Fleischman, 2004. “Employer-to-Employer Flows in the U.S. Labor Market:
The Complete Picture of Gross Worker Flows,” FEDS #2004-34.
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Calculate implied annual depreciation rate, J,:

5 — I — (Ky — Ky 1)
! Ki—1+1:/2

Calculate implied quarterly depreciation rate for each year, d4:

g+ (1= 04)0q + (1= 64)%65 4+ (1 —64)%65 = b4

Take historic-cost quarterly investment in private non-residential fixed
assets by NFCB sector from the Flow of Funds accounts, atabs files,
series FA105013005).

Deflate it using the investment price index (the latter is calculated
as consumption of fixed capital in domestic NFCB in current dollars
(NIPA table 1.14, line 18) divided by consumption of fixed capital
in domestic NFCB in chained 2009 dollars (NIPA table 1.14, line 42).
This procedure yields the implicit price deflator for depreciation in
NEFCB. The resulting quarterly series, i;_unadj, is thus in real terms.

Perform Denton’s procedure to adjust the quarterly series i;_unadj
from the Federal Flow of Funds accounts to the implied annual series
from BEA [, using the depreciation rate ; from above. I use the
simplest version of the adjustment procedure, when the discrepancies
between the two series are equally spread over the quarters of each
year. As a result of adjustment I get the fixed—cost quarterly series ;.

Simulate the quarterly real capital stock series k; starting from ko (ko is
actually the fixed-cost net stock of fixed assets in the end of 1975, this
value is taken from the series K;) , using the quarterly depreciation
series 5qt and investment series i; from above:

ki1 =ke- (1 —0q) + 1t

6. Real price of new capital goods
In order to compute the real price of new capital goods, p’, I use the

price indices for output and for investment goods.

Investment in NFCB Inv consists of equipment Eq and structures St as

well as intellectual property, which I do not include. I define the time-

price-indices for good j = Eg, St as p. The data are taken from NIPA table
1.1.4, lines 10, 11.
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I'take from http:/ /www.federalreserve.gov/econresdata/frbus/us-models-

package.htm the following tax -related rates:

a. The parameter T - the statutory corporate income tax rate as reported

by the U.S. Tax Foundation.

b. The investment tax credit on equipment and public utility structures,

to be denoted ITC.

c. The percentage of the cost of equipment that cannot be depreciated if

the firm takes the investment tax credit, denoted y.

d. The present discounted value of capital depreciation allowances, de-

noted ZPDES! and ZPDEF.

I then apply the following equations:

pr = pt (1—7g)
pSt — ﬁSt(l—TSt)/

(1 -t ZPDE®)

Ap) :

-7 =
i 1-71
1B _ 1—ITC — tZPDEF1 (1 — xITC)
1-71
Subsequently I compute their change between { —1 and ¢ (denoted by
E
Api™ _  Ap Apf!
= Wt + (1 - CUf)

where

(nominal expenditure share of Eq in Inv);_q
+ (nominal expenditure share of Eq in Inv);

2

wp =

The weights w; are calculated from the NIPA table 1.1.5, lines 9,11.

f

I divide the series by the price index for output, p;, to obtain the real

price of new capital goods, p'.

As all of these prices are indices, in estimation I estimate a scaling para-

meter e%.

7. Labor share
NIPA table 1.14, line 20 (compensation of employees in NFCB) divided

by line 17 in the same table (gross value added in NFCB).
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16 Appendix D: Approximation

Equation (16) with the RHS iterated forward can be expressed as:

00 ] j
(1-1) gvt = Z [(HPHZ 1t+l> (H(l _¢t+11)> (1= 7e4y) |:f”t+] Enryj _wf+f]]

1=2
(68)
So the RHS of the FO.C,, to be denoted PV}, can be written as:
ft+1 i
00 HPH" L+l ft+l 1 H(l - ¢t+l—1) (1 - TH—]‘)
PV, =E; Z =1 Nprl—1 1=2 (69)
=t o — S H]
Jeri o
Mt "t

Using a truncated value going to T rather than co and dropping the
expectations operator one gets:

ft+l j
T (HptH 1+l fm 1) (H Y ) (1 —Tt+j)

PV, = Z l M1 =2 (70)
=1 _ e Wy
a fevj fevj
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17 Appendix E: Variance Decomposition

The following derivation follows Cochrane (1992), noting that the latter
does a second order Taylor expansion while here a first -order one is un-
dertaken. Define:

_ 8y Wiy
Mpt+]‘ = (1 — Tt+j) (0{ — L:] — @ )) (71)

Mt Ny j

S
g = = (72)

n

g = In(1-vy,) (73)

. 1
g = Inp,;=In <1 T 1’t> (74)
w = (gf +gi+2) (75)

and

Qf = eE) (76)
QF = o) (77)
QF = eE&) (78)
0 eF@) = of oy (79)

Then (68) implies the present value relationship:
j j s j
Z 81| €XP E 8t+1| EXP Z Sitm—1| MPry;
=1 =1 m=I

(80)

Multiply both sides by any variable Z; observed at time t and take ex-
pectations:

P=(1—-1) ot _ E; LZexp [
qt i—1

© ] j i
riam - o Feom[fo] oo [t ow [
j I=1 =2

j=1 =1

MPt+j]

(81)
The first order Taylor expansion of the term in square brackets is:
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J
Zy ZeXp [ng] exp [Zgﬁl] exp [ngnl MP,;
1=2
N anf Q0f 2 i Q’Qf a
= Zi—=E(MP)+E(Z)—=E(MP) ) ()" gi,; + E(Z)7—SE(MP) ) (O
1-0 1-0 = 1— =
E(Z QerE MP)Y () & E(Z)Q’Qfoo Q)Y MP,;
+E( )1_0 ( )Z( ) Stvj T Z( ) b+

j=2 j=1

Multiplying by P, — E(P) and taking expectations yields the variance
decomposition:

Q' O/E(MP)
1-0

Q' Q/E(MP)
1-0

agk

var(P) = (Qy! cov(Py, g j) + (83)

~.
Il
—_

e

() cov(Py, g/ ) +

~.
Il
—_

Q' Q/E(MP)
1-0

e

~
Il
N

(Q)" coo(Py, g7,.;) +

Q'Y Q) cov(P, MPy ;)
j=1
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