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Abstract

This paper explores how the joint behavior of hiring and invest-
ment is governed by the expected discounted values of capital and
of jobs. It uses a model of frictions, akin to search models of the
labor market and Q-type models of the capital market, emphasizing
the interaction of capital and labor frictions. Relying on structural
estimation of private sector U.S. data, it studies cyclical behavior,
future determinants, and the implications for U.S. labor market de-
velopments.

Key findings include (i) a substantial effect of the expected value
of capital on hiring; (ii) the cyclical behavior of hiring and of invest-
ment are markedly different; (iii) future returns series are shown to
play a dominant role in determining capital and job values; and (iv)
U.S. labor market developments, including the inward and subsequent
outward shift of the Beveridge curve, can be accounted for by changes

in job values, as well as in labor force growth rates.



Capital Values, Job Values, and the Joint Behavior of Hiring and

Investment'

1 Introduction

This paper explores how the joint behavior of hiring and investment is gov-
erned by the expected discounted value of capital and labor. It uses a model
of frictions, a combination of a search model of the labor market and a Q-type
model of the capital market, emphasizing the interaction of capital and labor
frictions. Hiring and investment are modelled as the outcomes of a dynamic,
intertemporal optimization problem of the representative firm. The paper
uses structural estimation of private sector U.S. data to answer the following
four specific questions: (i) how do capital and labor expected present val-
ues behave over the business cycle and what cyclical hiring and investment
patterns do they generate? (ii) how big are these values, i.e., how big are
the relevant frictions? (iii) what determinants drive expected present values?
(iv) how can recent U.S. labor market developments — including the Great
Recession period — be understood in terms of capital and labor (job) values?

The answers to these questions are important for a number of key issues:
the evolution of employment and of the capital stock are essential for the
understanding of macroeconomic fluctuations. It has been shown that gross
hiring is a major factor for understanding employment and unemployment
dynamics.? Hiring frictions were shown to play a key role in determining

the business cycle properties of labor productivity (including its declining
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pro-cyclicality) and of the job finding rate (including its high volatility).?
Investment is key for the understanding of the evolution of the capital stock
and consequently of firm market value.*

Key business cycle facts are explained by the results of this inquiry, in-
cluding the outward shift of the Beveridge curve and the big rise in unem-
ployment in the Great Recession, the counter-cyclicality of the hiring rate
and of the value of jobs, the negative co-movement of gross investment and
gross hiring rates, and the role of future returns. These findings have impli-
cations for business cycle modelling, such as the importance of incorporating
joint investment and hiring costs, complete with the cited interaction, into
DSGE models.

A major implication of the findings is that hiring and investment can
be treated as forward-looking variables, reflecting the expectations of future
discounted profits from employing labor and capital. Using the results of
estimation, I employ a restricted VAR analysis, such as the one used in the
asset pricing literature, to study this forward-looking aspect. The analy-
sis shows how investment and hiring are related to their expected, future
determinants, with future returns turning out to play the dominant role.

This approach naturally links up with stock prices that are also forward-
looking and relate to the same expected discounted future profits. Indeed, in
previous work, joint with Monika Merz (Merz and Yashiv (2007)), we have
shown that this set-up allows one to define asset values for hiring and for
investment and that these values can be used to explain the time variation

of equity values of firms in the U.S. economy. The current paper retains the

3Gali and van Rens (2014) show that a lower degree of hiring frictions may lower the
cyclicality of labor productivity in ways which are consistent with actual U.S. aggregate
data dynamics. Coles and Mortensen (2013a,b), building on Merz and Yashiv (2007),
study the role of hiring costs in dynamic environments which generate a result whereby

there is no Shimer “puzzle” and the job finding rate volatility matches the data.
4See, for example, Cochrane (2011).



focus on forward-looking behavior but does not make use of stock market data
or tries to explain them. It updates the previous estimates, using a longer
sample period, one that includes the Great Recession and its aftermath, but
then proceeds to examine a totally different set of empirical implications.
The paper is structured as follows: Section 2 briefly discusses the relevant
strands of literature. Section 3 presents the firm’s optimization problem and
the resulting optimality conditions. Section 4 discusses estimation issues and
presents the results. It uses the results to look at the implied magnitude of
frictions and to gauge the plausibility of the estimates. Section 5 discusses
hiring and investment as driven by their present values and examines cyclical
behavior. It compares the results to those obtained in a standard search
and matching model. Section 6 undertakes the restricted VAR analysis and
decomposes the present value relationships embodied in the model. Section
7 looks at the ability of the results to provide a stylized account of U.S.
labor market developments, including the shift of the Beveridge curve and
high unemployment of the Great Recession. Section 8 concludes. Technical

matters and data issues are treated in appendices.

2 Background Literature

The literature on hiring and on investment is very large. In what follows I
allude to those papers that relate directly to the focus of this paper.

First is the literature on search and matching models, which feature dy-
namic, optimal hiring decisions by firms in the face of frictions; see Pissarides
(2000), Yashiv (2007) and Rogerson and Shimer (2011) for overviews and
surveys. Hiring costs and time lags are the expression of frictions in these
models. The first order condition for optimal hiring is a key ingredient and
this is one of the two estimating equations examined here. The finding in
this literature, as indicated above, is that gross hiring, subject to these fric-

tions, is key in accounting for employment and unemployment dynamics.
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The model here features a generalization of the hiring problem and a wider
concept of costs relative to what has been considered by these models. The
second strand of relevant literature includes investment models, mostly fol-
lowing the seminal contributions of Lucas and Prescott (1971) and of Tobin
(1969) and Hayashi (1982). These models have been studied extensively for
over four decades. The idea in these models is that costs are key to the
understanding of investment behavior. These models have encountered a lot
of empirical difficulties and have engendered much debate (see, for exam-
ple, the discussion in Chirinko (1993) and Smith (2008)). Like search and
matching models, much of this literature does not feature the other factor
of production, namely labor. In the current paper I present results both
from the “traditional” formulation of the investment costs model and from
a formulation which allows for the interaction of investment costs and hiring
costs. It should also be noted that models of the business cycle (evidently)
feature optimal hiring and investment decisions. Many of them do not fea-
ture frictions, though a large part of the RBC literature assumes lags in the
installation of capital. The latest vintage of business cycle models, surveyed
by Christiano, Trabandt and Walentin (2010), posits costs for investment
but no frictions in hiring. Note, too, that in business cycle models there is
no explicit interaction between hiring costs and investment costs.

A key issue in the current paper is the mutual dependence of hiring
and investment and the interaction of their costs. This is not a new issue.
Mortensen (1973) has examined the interrelation of costs in a theoretical
model and over the years some empirical work was attempted; prominent
examples include Nadiri and Rosen (1969), Shapiro (1986), and Hall (2004).
These studies point to the potential importance of including costs on both
capital and labor. However key differences with the current study are that
these papers do not model at least one of three elements, which the empirical

work below finds to be of crucial importance: (i) an interaction term between



the two costs; (ii) gross, as opposed to net, hiring flows; and (iii) aggregate,
as opposed to micro-level, hiring and investment. It should also be empha-
sized, that the current paper stays within the representative firm framework
of the cited literature and does not at all attempt to go into a firm-level or
sector-level analysis. Hence most of the findings of the latter type of studies
are different from what is reported here.

This paper stresses the forward-looking aspect of hiring and investment.
Consequently an important issue is the future determinants of current behav-
ior. This issue is studied, for the case of stock prices, by a sizeable strand of
literature in Finance, launched by the work of Campbell and Shiller (1988).
A key concern in this literature has been the question of what is the relative
importance of dividend growth and of future returns for stock price volatil-
ity. I make use of the methodology developed in this literature, examined by
Cochrane (2011), to determine the relative importance of the future deter-
minants of current hiring and current investment. Recently, Hall (2014) has

taken up this issue, albeit using a different empirical methodology.

3 The Model

I delineate a partial equilibrium model which serves as the basis for estima-
tion.” There are identical workers and identical firms, who live forever and
have rational expectations. All variables are expressed in terms of the output
price level. Firms make gross investment (i) and gross hiring (h) decisions.®
Once a new worker is hired, the firm pays her a per-period wage w. Firms
use physical capital (k) and labor (n) as inputs in order to produce output

goods y according to a constant-returns-to-scale production function f with

5The parts concerned with the labor market are consistent with the prototypical search
and matching model within a stochastic framework. See, for example, Pissarides (2000)

and Yashiv (2007).
6Tn the standard search and matching model, gross hires are labeled new job-matches.



productivity shock z:
Yo = f(zen0, ki), (1)

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

In every period t, the capital stock depreciates at the rate d; and is aug-
mented by new investment 7;. Similarly, workers separate at the rate 1, and

the employment stock is augmented by new hires h;. The laws of motion are:
kt+1 = (]_ - 575)]{375 + itv 0 S 675 S ]_ (2)

Ni1 = (1 — ¢t)nt —+ ht, 0 S 77Z)t S 1. (3)

The representative firm chooses sequences of i; and h; in order to maxi-

mize its profits as follows:

max E, Z;io <Hg=o pt+i> (1 = Teas) (f Geagnesss kerg) — 9 (eng Kegs hegs nie) — W jnas )
Ciergheesd — (1= Xy — TeriDiys) Dhyjinss ]

(4)
subject to the constraints (2) and (3), and where 74 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, p! the real pre-tax price of
investment goods, and p, ; is a time-varying discount factor. The firm takes
the paths of the variables w, p’, §,1, T and p as given. This is consistent with
the standard models in the search and matching and Tobin’s Q literatures.
The Lagrange multipliers associated with these two constraints are Q. ; and
Qﬁj, respectively. These Lagrange multipliers can be interpreted as mar-

ginal ) for physical capital, and marginal ) for employment, 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:”

5
6
7
8

QFf = Ey [prir [(1=7u11) (Frpr = 9ren) + (1= 6142) QF1]]
Qf = (1—1) (gi + 1)
QF = Ei [prir [(1 = Ter1) (froes = Gnoss — wenn) + (1= ¥p11) Qe
in = (1= 7¢) gn,

(5)
(6)
(7)
(8)

I can summarize the firm’s first-order necessary conditions from equations

(5)-(8) by the following two expressions:

fkt+1 = Gkia (9)

(1—17¢) (git —l—pf) = Ei | pia (1 —T¢41)
+(1 - 5t+1)(git+1 +p1{+1)

fnt+1 - gnt+1 — W41

(10)
+(1 - wt+1)ght+1

(1 =7¢) gn, = Bt | pryy (1 = Te41)

4 Estimation

I estimate alternative versions of the model. The alternatives pertain to
the degree of convexity of the costs function, the existence of linear terms
in this function, the examination of standard specifications, and the set of
instruments used. I estimate equations (9) and (10), using structural esti-
mation. In what follows I present the parameterization of this function (as
well as of the production function), the econometric methodology, the data

and estimation results.

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

I L= Xeqj = Tei Dirj

Diyj = Piyj-
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4.1 Methodology and Data

To estimate the model I need to parameterize the relevant functions. For the

production function I use a standard Cobb-Douglas formulation:
f(zeng, k) = ek, 0 < a < 1. (11)

The costs function g, capturing the different frictions in the hiring and
investment processes, is at the focus of the estimation work and merits discus-
sion. Specifically, hiring costs include search costs for workers, costs of adver-
tising, screening and testing, matching frictions, training costs and more. In-
vestment involves implementation costs, financial premia on certain projects,
capital installation costs, learning the use of new equipment, etc. Both activ-
ities may involve, in addition to production disruption, the implementation
of new organizational structures within the firm and new production tech-
niques; see Alexopoulos (2011) and Alexopoulos and Tombe (2012). In sum
g is meant to 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.

This function is linearly homogenous in its arguments i, k, h, n. The para-
meters f1, f2, €, 1 = 1,2, 3 express scale, and the parameters 7,15, 175 express
the elasticity of costs with respect to the different arguments. 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, hiring or
investment. The latter 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 work-
ers. Hence firm size, as measured by its physical capital stock or its level
of employment, is taken into account and the costs function is increasing in
the investment and hiring rates, % and % 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
justified as follows (drawing on Garibaldi and Moen (2009)): suppose each
worker ¢ makes a recruiting and training effort h;; 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

putting them in terms of output per worker one gets ¢ (;) 7{; as n workers

do it then the aggregate cost function is given by ¢ (%) f

Convezity. 1 use a convex function, allowing for free estimation of the de-
gree of convexity. The use of such a function may be questioned at the micro-
level, as non-convexities were found to be significant 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 macroeconomic level.®

8Thus, 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. Favilukis and Lin (2011) use
data on asset prices as additional restrictions when examining firm investment behavior
and find that “...within such a model, non-convex frictions are unnecessary to match
important features of aggregate investment...a model with convex costs alone does nearly
as good of a job at matching firm level micro data as our preferred model with both convex

and non-convex costs” (page 26).
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it by

TIS . . .
T m) expresses the interaction of investment

Interaction.. The term Z—i (
and hiring costs. This term, absent in many studies, has important implica-
tions for the complementarity of investment and hiring. It, too, is estimated
without constraints.

Relation to Known Cases. The function above encompasses widely-used
cases as special cases. For example, the quadratic case has 7, = 7, = 2;
a standard Tobin’s Q model of investment has e; = e3 = 0 and n; = 2; a
Pissarides-type matching model would have e; = e3 = 0,7, = 1.

Alternative specifications. In estimation, I explore a number of alterna-
tive specifications: the degree of convexity of the g function (I examine free
and restricted estimation of the power parameters 7,7, and 7); existence
of linear terms in the ¢ function, i.e. whether f;, fo are needed; standard
specifications (for e.g. I set es = e3 = 0 and look at investment costs only
and I set e; = e3 = 0 and look at hiring costs only); and instrument sets. Es-
timation of the parameters in these functions allows for the quantification of
the derivatives g;, and g, that appear in the firms’ optimality equations (9)
and (10). Istructurally estimate the firms’ first-order conditions (9) and (10),
using Hansen’s (1982) generalized method of moments (GMM). The moment
conditions estimated are those obtained under rational expectations. I for-
mulate the equations in stationary terms by dividing (9) by 3t and (10) by
7’:—’;. Appendix A spells out the first derivatives included in these equations.
Importantly, I check whether the estimated g function fulfills the convexity
requirement.

The data are quarterly, pertain to the private sector of the U.S. economy,
and cover the period 1976-2011.The start date of 1976 is due to the lack of
availability of credible monthly CPS data from which the gross hiring flow
series is derived. This sample period covers five NBER-~dated recessions,
including the Great Recession of 2007-2009 and its aftermath. The data
include NIPA data on GDP and its deflator, capital, investment, the price of

11



investment goods and depreciation, BLS CPS data on employment and on
worker flows, and Fed data computations on tax and depreciation allowances.
Appendix B elaborates on the sources and on data construction. These data
have the following distinctive features: (i) they pertain to the U.S. private
sector; (ii) both hiring h and investment i refer to gross flows; likewise,
separation of workers ¢) and depreciation of capital ¢ are gross flows; (iii) the
estimating equations take into account taxes and depreciation allowances.

Table 1 presents key sample statistics. Table 1.

4.2 Results

Table 2 reports the results of estimation. The table reports the estimates
and their standard errors, Hansen’s (1982) J-statistic and its p-value. Table
2 a,b.

While typically one assumes a particular convex function, say a quadratic,
I begin by looking at unrestricted estimates, in row 1 of panel a. In this
specification all nine parameters are freely estimated, including « of the pro-
duction function (11), and the scale (f1, f2, €1, €2, €3) and power parameters
(11, My and n3) of the costs function (12). The results suggest that « is around
the conventional estimate of 0.67, that the degree of convexity is around the
cubic for the investment rate term, quadratic for the hiring rate term and
linear for the interaction term (13 = 1). While there are low standard errors
for these four power parameters, the five scale parameters are imprecisely
estimated. Holding « fixed at 0.67 and setting the linear terms to zero
(fi = fo =0), as reported in row 2, yields similar results for the powers and
precise estimates for the scale parameters (eq, e, e3). Following these results,
rows 3 and 4 of panel a restrict the convexity to be either cubic-quadratic
with linear interaction (7, = 3,7, = 2 and 73 = 1) or quadratic with linear
interaction (7, = 7, = 2 and 73 = 1). In these cases the scale parameters

are precisely estimated and the p-value indicates that the model is not re-
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jected. Over the relevant ranges both row3 and row 4 appear linear in the
first derivatives of the costs function (i.e., marginal costs). The specification
of row 4 is positive throughout, somewhat higher for the investment case and
somewhat lower for the hiring case. When verifying that the resulting costs
function satisfies first and second order conditions for convexity, only row 4
yields a convex costs function all through the sample period. This suggests
that the specification of row 4 — quadratic with linear interaction — is the
one to be preferred, and is, in any case, quite close to the cubic-quadratic
specification of row 3. Appendix C reports variations on these specifications,
mostly in terms of the instrument set, as a check for robustness. The results
there are in line with those of panel (a) of Table 2.

Panel (b) of Table 2 looks at standard specifications in the literature.
Column 1 sets n; = 2,e5 = e = 0, i.e., quadratic investment costs, with no
role for hiring, as is typical in the Tobin’s Q/investment literature. Column
2 sets ny, = 1,e; = e3 = 0, i.e., linear hiring costs with no role for investment,
as used in the search and matching literature. Column 3 uses a quadratic
function for both hiring and investment costs but no interaction (1, = 1y, =
2,e3 = 0). The panel reports precise estimates and reasonable p-values for the
J statistic. However, the reasons not to prefer these standard specifications
become clear below, when studying various implications of the estimates.

The conclusions thus far are as follows, taking into account the alternative
specifications discussed in Appendix C: quadratic costs and linear interaction
of investment and hiring costs generate a good fit of the data; the interaction
is significant and is negatively signed, implying complementarity between
investment and hiring (to be discussed below). In what follows I shall refer
to the results of row 4 in panel (a) as the preferred specification, adding some
of the other specifications for comparison, where relevant.

The estimated costs are interesting and important by and of themselves,

as many models rely on their existence. Hence, the results of Table 2 merit
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inspection for plausibility and the derivation of the time series for the frictions
they imply. This is done by constructing the time series for total and marginal
costs implied by the point estimates of the parameters of the g function and
relating them to what is known on these issues. Key moments are presented
in Tables 3a and 3b. Table 3 a,b.

For the preferred estimates, total costs are about 1.4% of GDP on average,
with a standard deviation of 0.2%. Marginal investment costs add about 6%
on average to the price p! of a unit of capital. Marginal hiring costs are
on average the equivalent of 1.6 weeks of wages. To gain a better grasp of
the implications of these estimates, the following comparisons place them in
context.

Total costs as a fraction of GDP (i.e., %) are around 1.4% of output
according to the preferred specification (row 4 of Table 3a), a reasonable
estimate. The specifications, which are the standard ones in the literature,
reported in Table 3b, posit higher costs, up to 3% of output.

Marginal costs of hiring in terms of average output per worker (%) have
a sample mean of 0.08 in row 4 of Table 3a, the preferred speciﬁcatioril. This
is roughly equivalent to 12% of quarterly wages.” In other words, firms pay
the equivalent of about 1.6 weeks of wages to hire the marginal worker.

How does one evaluate this estimate? There is little direct empirical ev-
idence on these costs in the literature. The literature has some estimates
of average hiring costs, which are typically based on linear vacancy costs.
Note that the results here do not refer only to vacancy costs and pertain to
the marginal hire with convex costs. It turns out that the current results
are consistent with the literature estimates. Appendix D1 elaborates on the
comparisons.

The marginal costs of investment (i.e. g;) in terms of average output

per unit of capital (%) have a sample mean of 0.75 in row 4 of Table 3a.

YWages are 65% of output per worker on average, see Table 1.
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To give another, more intuitive, perspective on these numbers, consider how
much one needs to add to the price of one unit of the investment good p’
in marginal costs: this mean represents 5.6% on average. By contrast, the
estimate of row 1 of Table 3b with only quadratic investment costs — the
standard specification in the Tobin’s Q literature — has a sample mean of 2.33
in terms of average output per unit of capital (%) or 17% to be added to the
price of the investment good, an implausible result. Beyond this comparison,
how reasonable are the preferred parameter estimates? The most natural
place to look for comparisons is the Q-literature. Appendix D1 discusses
this comparison, concluding that the preferred estimates here are within the
lowest range of costs estimates in that literature.

Overall, then, the frictions implied by the estimates are low and reason-

able, in light of what is known from the literature.

5 Hiring, Investment and Their Present Val-

ues

This section examines the implications of the estimates for the co-movement
of hiring and investment and capital and job values in the context of business

cycle behavior.

5.1 Hiring and Investment Rates as Functions of the

Present Values
Taking equations (6)-(8), using the definitions of the derivatives of the g
function spelled out in Appendix A, and the results of row 4 in Table 2a

whereby 7, = 1y, = 2,173 = 1, and ejes — €2 > 0, the following relations are

derived:
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it 1 QY , QF P
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The implications of these relations are that, as the estimates of Table 2
indicate that e;, es > 0, e3 < 0, the hiring and investment rates, Z—i and li—tt, are
positive linear functions of both their present values, Q¥ and QX and nega-
tive functions of p!, taking into account taxes. This can be easily quantified

from re-writing (13) and (14) as the following linear equations:'"

hy e Gi U 9he | 5 Gi
n—:aI—Cz, k—:—CE—FbE (15)
t nt ki t nt k¢

It is therefore apparent that models which ignore the present value of the
other factor are incorrect as long as e3 # 0 (and so ¢ # 0). Table 4 shows the

first and second moments of the decomposition of the RHS of the equations
in (15). Table 4.
Of the mean hiring rate of 13%, a fraction of 58% is due to the present

value of hiring term (a%*) and the remaining 42% are due to the investment
ng
term (c%t). The variance of of the hiring rate (std of 1%) is decomposed
[
in rows 2 and 3, which sum up to 1. The investment term again plays a

substantial role — its variance is half of that of the hiring term and the co-
variance of the two terms is substantial. Overall, these results imply that the
present value of investment gff plays a substantial role in the determination
of hiring rates. The mean infftestment rate of 2% is due to the present value

of hiring term (32%) and the investment term (68%). The variance of the

10where

€1 €2 €3

o=
eres — €3’ e1es — €3
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investment rate (std of 0.3%) is decomposed into a small part due to the

hiring term and the big part played by the variance of the investment term

(%) and the large co-variation with hiring. It ensues that the cross effects
E

are asymmetric: the investment terms play a bigger role in hiring than the

hiring terms in investment.

5.2 Negative Interaction Engenders Simultaneity

Across all specifications of Table 2a, the estimate of the coefficient of the
interaction term, ez, is negative. This negative point estimate implies a
negative value for g; and, therefore, as can be seen in equations (13)-(14),
a positive sign for 6(2—’;) /OQX and for 6(%) JOQN (for the full derivations of
these derivatives, as well as the relevant elasticities, see Appendix A.) Note
that 9()/0Q% and G(Z—i) /OQN are positive due to convexity. Hence, when

the marginal value of investment Q¥ rises, both investment and hiring rise.

It
ki

A similar argument shows that they both rise when the marginal value of
hiring Q¥ rises.

The signs of these elasticities and derivatives imply that for given levels of
investment, total and marginal costs of investment decline as hiring increases.
Similarly, for given levels of hiring, total and marginal costs of hiring decline
as investment increases. This finding of complementarity between investment
and hiring is to be expected as it implies that they should be simultaneous.
One interpretation of this result is that simultaneous hiring and investment
is less costly than sequential hiring and investment of the same magnitude.
This may be due to the fact that simultaneous action by the firm is less
disruptive to production than sequential action. This feature is quantified by
g(o’%HzE??;g(%’%). The statistic measures how much — in

percentage terms — is simultaneous investment and hiring cheaper than non-

the ‘scope’ statistic

simultaneous action. Its sample mean and standard deviation are presented

in the first column of Table 5. Table 5.
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The scope is 0 by construction in any specification without a cost inter-
action. For the preferred specification, it is on average a multiple 1.4 of total
costs, with a standard deviation of 0.08. The cost of doing investment and
hiring sequentially (g(0,2) 4+ g(£,0)) sums up to about 3.3% of GDP; the
cost of doing them simultaneously sums up to about 1.4% of GDP, i.e., it is
1.9% of GDP cheaper. This is a multiple 1.4 of costs (%Z; = 1.4). Tt means
that there are substantial savings of costs when investing and hiring at the
same time. Hence the preferred estimates of row 4 in Table 2a imply that

there is meaningful inter-relation between hiring and investment costs. The

decision by the firm on one factor is strongly dependent on the other.

5.3 The Elasticities of Hiring and Investment w.r.t

Present Values

Table 5 further quantifies the relations between hiring and investment and
their present values. It presents the mean and standard deviation of the elas-
ticities of investment 7 and of hiring h with respect to the present values Q¥
and Q. The table shows that investment is very highly elastic with respect
to the present value of investing Q¥ . Hiring has much lower elasticity, lower
than unitary, with respect to its own present value Q. The cross elasticities
are low for investment w.r.t Q~ and high for hiring w.r.t Q¥. These results
are of course consistent with those of sub-section 5.1 reported above, which
implied a great sensitivity of hiring to Q¥ and lower sensitivity of invest-
ment to QV. The more standard formulation of Table 4b row 3 — quadratic
in investment and hiring rates — which leaves out the interaction, implies an
investment elasticity that is somewhat lower relative to the preferred case
and a unitary elasticity for hiring, which is almost double that implied by
the preferred specification. By construction, this specification does not ad-

mit cross-elasticities. Thus it can be concluded that omitting the interaction
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term distorts the elasticities picture.

The following distinction, however, is important. The preceding sub-
section has shown that optimal behavior includes simultaneous hiring and
investment, i.e., positive levels of both (%,% > (). Thus the representative
firm is hiring and investing at the same time. But it does not necessarily
imply highly positive co-movement or correlation between hiring and invest-
ment rates. In other words, investment and hiring take place at the same
time, but it is possible to have one rise while the other rises, stays the same or
even declines. This has to do with the elasticities discussed above. Suppose,
for example, Q¥ rises while QV declines. The rise in Q¥ will lead to higher
investment and higher hiring, while the fall in Q" will lead to lower invest-
ment and lower hiring. The elasticity estimates of Table 5 imply that the Q%
movements and the @ movements engender different responses. Therefore
it is possible that investment will rise with the rise in Q¥ while hiring falls
with the fall in QV. These are indeed the patterns found in this U.S. data

sample, as discussed in the following sub-section.

5.4 Co-Movement and Cyclical Analysis

The analysis focuses on the gross hiring rate % and the gross investment
rate % of the aggregate private sector of the U.S. economy. In what follows I
examine their cyclical behavior and their co-movement, over the data sample
1976-2011, which includes the Great Recession period. I then look at the
cyclical behavior of marginal costs, which are equivalent to expected present

values.

5.4.1 The Data Facts

Figure la plots the raw series and Table 6a reports their key moments.
Figure 1a and Table 6a.
The figure and the table indicate that the rate of investment has higher
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volatility (in terms of the coefficient of variation) and somewhat higher per-
sistence relative to the hiring rate. While the rate of investment has gone up
in the early 1990s and has stayed up, albeit with a lot of fluctuations, the
hiring rate has gradually declined and has stayed down since the mid 1990s.
The correlation between them is negative.

Figure 1b and Table 6b look at the cyclical behavior of the two series. The
graphs depict the logged series in levels and using the Hodrick-Prescott (HP)
and Baxter-King (BK) band pass filters and displays NBER-dated recessions.
The table presents co-movement with three cyclical measures — real business
sector GDP f, labor productivity f—l and capital productivity % Figure 1b
and Table 6b.

While the investment rate is clearly pro-cyclical, the hiring rate is counter-
cyclical. Both contemporaneously and dynamically, hiring is counter-cyclical
with respect to the three cyclical variables. These correlations are somewhat
stronger when using the BK filter, relative to the HP filter. With respect
to the same cyclical measures, investment is pro-cyclical, sometimes strongly
so. This is so both contemporaneously and at some leads and lags.

Note that in recessions the rate of hiring rises while the rate of investment
falls. Two years ahead of the recession investment rises and hiring falls.
Judging by the strength of the correlation measures, investment rates are
stronger leading indicators of the cycle.

Figure 1c and Table 6¢ show the co-movement of the two series over
the cycle, referring again to logged, HP-filtered and BK-filtered series of
investment and hiring with NBER-dated recessions. The table reports their
dynamic correlations. Figure 1c and Table 6c.

The investment and hiring rates series do not move together, consistently
with their afore-mentioned, markedly different cyclical behavior. They ex-

hibit negative correlation, contemporaneously and at most leads and lags.
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5.4.2 Examining the Counter-Cyclicality of Hiring

The counter-cyclicality of the gross hiring rate may appear counter-intuitive.
To put this behavior in further perspective and show how it relates to other
known labor market facts, I look at labor market variables which are often
discussed in the literature. Appendix D2 spells out several relations in the

labor market and looks at the co-movement of key variables. The appendix

hi
ut+o¢

shows that the employment stock n and the job finding rate are pro-

and the

cyclical, as is well known. Steady state non-employment —2 -
u+o
inverse of the employment ratio —— are counter-cyclical, as widely known
pop
too. At the same time the gross hiring rate % is counter-cyclical, as shown

above. The analysis in Appendix D2 makes clear that the hiring rate is
counter-cyclical as the counter-cyclicality of the last two variables dominates

the pro-cyclicality of the job-finding rate.

5.4.3 The Cyclicality of Marginal Costs and Present Values

What is the cyclical behavior of marginal costs and therefore also of expected
present values? Table 7 and Figure 1d report the relevant statistics. Figure
1d and Table 7.

Marginal costs of investment are pro-cyclical, and, as implied by equation
(14), co-move positively with the investment rate. Marginal costs of hiring
are counter-cyclical, and, as implied by equation (13), co-move positively with
the hiring rate. This is true across the three cyclical measures and the two
filtering methods. The relationships go beyond the contemporaneous ones
and usually extend at least four quarters back (i.e., the cyclical indicator is
lagged four quarters) and at least one quarter ahead.

The results imply the following cyclical patterns: in a boom investment
rates rise while hiring rates decline. This is so because the rates move to-
gether with their marginal costs, which themselves represent expected present

values. Specifically, in the U.S. data sample examined here, the present value
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of investment (capital value) was pro-cyclical while that of hiring (job values)
was counter-cyclical. As the marginal productivity of capital rises in booms
and in subsequent quarters, g; rises and with it the investment rate. By con-
trast, the hiring rate falls with the decrease in gy, as future labor profitability
falls. The latter falls due to the fact that while the labor share first falls in a
boom (thereby increasing profitability), it subsequently rises for a substan-
tial period of time (see Rios-Rull and Santaeulalia-Llopis (2010)). Following
the same logic, in recessionary times, firms, looking into the future, expect
higher profitability from employing labor. Hence, they increase the rate at

which they hire workers.

5.4.4 Job Values Across Models

The standard search and matching model (see Pissarides (2000), Yashiv
(2007) and Rogerson and Shimer (2011) for surveys) also posits a formu-
lation of @V, which is the value of the job match. This would be given by:

1
Qi\,fsearch - (1 - Tt)cq_ (16)
t

where ¢ are marginal vacancy costs, ¢ is the rate at which vacancies are filled
(so 5 is expected vacancy duration) and 7 is the corporate tax rate. See, for
example, equation (1.7) in Pissarides (2000, p.11). The vacancy matching

rate is given by ¢; = Z—z, where v are job vacancies. This means that the value

of the (single) job is given by Q.o = (1 — Te)cit.
In the current set-up the formulation is given by (in terms of average

output 7{—1 so as to make it consistent with the above):

; 3 n3—1
%i\f =L =7)gn, =1 —-7) [62(@)”21 +es (Z—t>n I ] (17)
fr ke

Ny

ne

It is already clear from the comparison of (16) and (17) and from the
QY

It

ng

discussion in 5.4.2 above that foseamh and - behave differently. The former
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is a positive function of » and is likely to be pro-cyclical. The latter is a
positive function of Z—’; and a negative function of ,i—tt, given the estimates of a
negative e3. It will thus be counter-cyclical, as Z—i is counter-cyclical and ]i—tt
is pro-cyclical.

The reason for this difference is that the standard search model formu-
lates vacancy costs as a function of their duration q%’ without assigning any
variability to marginal costs — they are fixed at c. It ignores capital and any
other variable that varies over time. Vacancy duration is pro-cyclical, hence
job values are too.

The current model captures the entire recruiting process (from vacancy
creation to the training of the hired workers) in the convex g function defined
over the hiring rate and the investment rate. Importantly it is defined over the
actual hiring rate. Hence, given that Z—’; = %, a rise in ¢, ceteris paribus,
means more hiring and therefore higher costs. This formulation of costs
follows the “tradition” of the Lucas-Prescott and of the Tobin-Brainard (Q)
models, whereby costs and expected values rise with the activity in question.
Hence counter-cyclical hiring rates are consistent with counter-cyclical job
values.

Figure 2 quantifies these values as follows. For % it shows two series:
the time series implied by the preferred specification of Table 2a row 4 as well
as that implied by the restricted case of Table 2b row 2 (linear hiring costs,
where e; = e3 = 0 and 7, = 1). For Q[ it shows (1 —7;)ci:" Figure 2.

As analyzed above, the figure shows that the time series of the standard
search and matching Q" is pro-cyclical, while the preferred specification here
is negatively correlated (—0.28) with it and is counter-cyclical. In Section 7

below I show how this fits in with the explanation of labor market experience

T use a calibrated value of ¢ derived as follows: I solve this term out of (16), where

N
Q?fseamh is the sample average value of ij;(after tax) in the case of Table 2b row 2 and

Lt

ht
B.

n
and T are set at their sample average values. The vacancy series is defined in Appendix
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in U.S. data.

6 The Determinants of Capital and Job Val-

ues

I have derived, through structural estimation, the costs function (g), from
which one can derive the value of the job (i.e., the expected present value of
hiring (Q)) and the value of capital (i.e., the expected present value invest-
ment (Q¥)). How are these values related to their expected future determi-
nants, given that both hiring and investment are forward-looking variables?
In other words, what in the future drives hiring and investment today? In
this section, I follow the empirical methodology of the asset pricing literature
in Finance and examine the present value relationships governing hiring and
investment. This involves the use of a forecasting VAR. The analysis is based
on the framework proposed by Campbell and Shiller (1988) and its more re-
cent elaboration by Cochrane (2011), whose notation I follow.'> Note that
I do not consider stock prices or any financial data here; rather, I apply the
empirical framework developed in the cited Finance literature to the current
context. The results in the Finance literature do, however, provide a natural

benchmark against which to compare the current results.

6.1 An Asset Pricing Model

The model begins with the following two-period representation for the stock

price (P) and dividends (D):

12The importance of this approach and its wider significance was noted in the Nobel
Economics Prize for 2013 (see in particular pp.17-20 in Nobel Prize (2013)). This model
is often referred to as the dynamic, dividend-growth model. Cochrane (2011) provides a

discussion of empirical findings and their implications for asset pricing.
13See Jermann (1998, 2010).
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P, = E; (R 4[Diyr + Prpl)

where R is the gross return. Dividing by dividends and iterated forward this

yields:
P, (17 5ot Des
B, = & <Z (H R D (18
7=0 \k=1
These relationships hold true also ex-post if one defines the gross return as:
(19)

Dy + P
R=—"™"
t 2

Using logs, this asset pricing relationship can be approximated as:'4
(20)

pr—di =k + Ey (diyr — di — 11 + p(Pry1 — dis1))

Equation (20) is an ex-ante formulation using conditional expectations.

The ex-post equation, omitting F; in the above, holds true as well, when

using (19).
The current price-dividend ratio (p; — d;)) is related to future dividend
growth (dy4j41 — diyj) and to future returns (r44;41), with the relevant dis-

counting (using p’). The price-dividend ratio will be higher when future

dividend growth is higher and/or when future returns are lower.

6.2 Implementing the Forecasting Model for Hiring

and Investment
I cast the estimated model of hiring and investment into this asset pricing

ol

framework by defining P and D for the optimal investment equation and for

P:1

+
Sl

Myhere:
pr=lnP, di=lnD;, ry=InR; k=In(l14+ —=)—p(p—d);

and where P, D are steady state or long-term average values.
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the optimal hiring equation. The “price” P is the value of capital or the
value of jobs; this is essentially marginal @ for capital investment (Q¥) and
marginal Q for labor hiring (Q%), each divided by the relevant productivity
(% or %), the “dividend” D is the flow of net income from capital or from
labor. As shown below, additional terms come into play here. These prices
and “dividends” are not observed on the market, as in the Finance literature.
Rather, they represent what the firm actually gets from its use of capital and
labor in production. Thus, the “dividend” in the investment case is the net
marginal productivity of capital; in the hiring case it is net labor profitability,
i.e., the net marginal product of labor less the wage. These “dividends” do

not depend on institutional or financial considerations of firms as dividends

do in the Finance context.

i/ _ fea

. _ kg,

Define, using G;1; = —5+:
k

f/k

— (5t>Ptl + Dtl]

. I K _
F)tl = (1 . Tt) (gzt +pt) Qt : Dtl _ (1 o Tt) (fkt gkt)7 R,} _ Gt+1 [(1

[t

Je e fe
k¢

k¢ k¢
(21)
Comparing equation (21) to (19), one can see that two additional terms
in the current context are the one involving capital depreciation (¢;) and
one involving productivity growth (G{ ﬁ) Note, too, that D} expresses the
share in capital productivity received by the firm, which without taxes and
investment costs would be % =1 — a. The term G{ ﬁ captures the gross
rate of growth of this produck:ttivity.
Appendix E shows that this formulation yields the following log-linear

approximation for log capital values:

Py e+ G 4 (1= 6,) + pfpl + (1= pF)d} =1 (22)

a-s)prl
where small letters denote variables in logs and where p* = ﬁ
14+ 09
Below it is shown that the resulting return series, R}, plays a significant

role in determining capital values. How can this return series be evaluated?
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It turns out to be consistent with the return on capital series computed
by McGrattan and Prescott (2003) and by Gomme, Ravikumar and Rupert
(2011) for the U.S., using NIPA data. Note, though, that the three series
are not the same as they treat taxes differently, the McGrattan Prescott is
annual and uses the non-corporate sector, and the current one features (inter
alia) marginal investment costs g;,, which are absent in the other series. The
following tables summarize the key moments of these series. Tables 8a and
8b.

The three series are quite close in terms of means and medians and the
skewness statistics. The McGrattan and Prescott series and the R} series
have similar kurtosis as well. The series differ on second moments, with the
McGrattan and Prescott series the least volatile and the R} series the most
volatile. The latter is probably due to the role of g;, which is absent in the
other two series. The series are positively correlated with each other. The
strongest correlation is between R} and the McGrattan and Prescott series

(0.56 in 1976-2000 annual data).

ft41
. fin _ myga
For labor, define, using G;{; = ~F*:
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PP = DM oD DM =(1-7) ( - 9—) DM =(1-7)

Note that D? expresses the share in labor productivity received by the
firm, which, without taxes, hiring costs and wages would be equal to a.
Dividends are the actual receipts or profits from labor, once taxes, costs and
wages have been deducted. The term G{ ff captures the gross rate of growth
of labor productivity. I further decompose D? into the share of the firm in

net, after-tax productivity (Dt2 ’1) and the share of wages in productivity, paid

to workers (Dt2 ’2). Appendix E shows that this yields the following log-linear
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approximation of job values:

PP = WG+ (1 —y,) + " (24)
+dPH (1= p") (1= p™) + dPP (o™ (L= p?)) — 1}
_p22 (1-¢)P?
nl D21 n2 D2
Pt = —m, P s
1- 22 1+ =9~

6.3 Empirical Methodology

I use a restricted VAR to examine these relationships. Consider, first, the

log-linear pricing equations in the non-stochastic steady state. These are

given by:
1~ GC3 In Gf/* ok 1 rl
o In(l1—-90)+d —
b 1—pk+1—pk+l—pkn( )+ 1—pk
1 Gf/n n2 2
P? Cs n P In(1 — ) +d> (1 — p") + d>2p™ — r

gl—p"Q 1—pn2  1—pn2 1— pn2

These equations state that, in the non-stochastic steady state, the value
of capital (p') and of jobs (p?) can each be decomposed (using log-linear
approximation) into parts due to dividends (d) or shares in net productivity,
returns (r), productivity growth (In G//* or In G/™) and deprecation (§) or
separation (¢).

Thus I estimate the following structural VAR:

Xt11 = A + BXt + g, (25)

where x¢11 = (pryq.diyg, i, In (G{ﬁ) ,n(1 — §;41)) for capital, x,11 =
(P21, dnl, AP r? ,,In (G{f{) ,In(1—1,,,)) for labor, under the restrictions
implied by the above steady state equations. Following estimation I compute

the relevant long run coefficients (see Appendix E).
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6.4 VAR Results

Table 9 reports the results of the VAR for selected coefficients in the B matrix
and the implied long run coefficients. Table 9.

For investment, the most substantial role is played by returns (a long run
coefficient of —1.05), while the other determinants have much smaller effects.
Among the latter, productivity growth has a somewhat stronger effect but
it is imprecisely estimated. The adjusted R? of the return regression (r! on
the lagged values of all the other variables) is not high, though at 0.11 it
is basically the same as in the results reported in the Finance literature for
return regressions using stock prices.

For hiring, the most substantial role is again played by returns (a long
run coefficient of —0.90), while the other determinants have smaller effects.
Productivity (the dy; term) has a substantial effect ( blj,, ,, = 0.18) but it
is imprecisely estimated. The adjusted R? of the regressions, but for the
productivity growth regression, are high, including the return regression and
the productivity level regression.

Repeating the analysis for the alternative estimates of row 3 in Table 2a
yields very similar findings.

What, then, do we learn about the various future determinants of invest-
ment and hiring values?

First, returns play the dominant role, as also found in the empirical Fi-
nance literature. Their VAR coefficients (b,1 ,1 and b5 ,2) are precisely
estimated and the implied long run coefficients are sizeable. The adjusted
R? in the investment case of the return regression (0.11) resembles that of re-
gressions in Finance while for hiring it is even much bigger (0.66). Note that
these coefficients are negative, implying that a rise in log prices is associated
with future declines in returns (), for both investment and hiring, i.e., high
prices predict low subsequent returns, as found in the Finance literature.

A similar result is obtained when computing the relation between the log
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price-dividend ratio (p — d) of investment and of hiring with their subsequent
returns. This result has also been observed for stock prices and dividends
and for house prices and rents (see Cochrane (2011, pp. 1051-1052)).

Second, dividends play a role in the hiring case, although smaller than
returns. In this case, higher prices are associated with subsequent higher
dividends and the adjusted R? is very high (0.95). The analysis indicates that
if wages do not move closely with labor productivity there is a meaningful
effect to productivity changes, in line with the “Shimer puzzle” findings.

Third, productivity growth, does not appear to play a role in both cases:
the VAR coefficients (bgr ,1 and by, p,2) are not significantly different from
zero and the long run coefficients are small. This is akin to the finding in
Finance that dividend growth does not matter much.

Fourth, prices — the values of investment and hiring — are persistent (as
measured by ¢, and ¢,), which is consistent with the persistence of the
investment and hiring rates themselves.

Fifth, the rates of separation and depreciation do not appear to play a
meaningful role. This means that the variable that determines the length of
the hire (¢ determines job duration) does not have much effect on the value
of the hire, relative to the other determinants. It is the discounting of future

streams which plays the overwhelming role.

7 U.S. Labor Market Experience

In this section I embed the afore-going set-up in a matching framework which
facilitates the analysis of unemployment, including the recent Great Reces-
sion experience. The essential idea is to incorporate the firms’ F.O.C into
a Pissarides-style model of vacancies and unemployment with a matching
function and relate the model’s steady state formulation to U.S. data. Then
U.S. experience is analyzed. This exercise does not entail estimation or cali-

bration in the full sense of these methodologies. Rather, it uses the estimates
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of Table 2 to embed the hiring F.O.C. in a wider framework, albeit still a
partial equilibrium one. Then, by calibrating key parameters and using data
averages, the steady state of this framework is derived and compared to ac-
tual data using graphical analysis. This allows one to see how movements in
the data over three sub-periods can be approximated by movements in the
steady state curves over the same sub-periods. The changes in unemploy-
ment and vacancies/hiring over time can be understood in terms of changes

in variables that were discussed above, in particular in terms of job values.

7.1 Incorporating the Analysis in a Matching Frame-
work

Following Pissarides (2000) a matching function defines the hiring rate %

Lt

as a CRS function of the unemployment rate o and the vacancy rate ,

Specifically I shall use the following Cobb-Douglas form:'?

h w\ v\

t t t

L il L 26
(M) () (26
Consider now a modification of the hiring costs function used above to

accommodate vacancies. The cost function is now:

- ~ n3
€1, n €9 (o q+U¢ €3 1t Uy
3= [ty 20— )Ty | G d 2 k).
o) = |26+ 202 4 -y %(hm>]ﬂtta
(27)

The modification is that now some costs relate to the vacancy rate ;t,

he _ qiut

o = 4 enters with the complementary

with a share A\, and the hiring rate
share 1 — .
In this set-up the firm decides on investment ¢ and on vacancies v so the

two FOC are given by, using steady state formulations:

—o
!5Hence the firm matching rate is given by ¢; = Z—: = 1 <”—*)

Up
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1 (%+—9i<2’%>) - % (28)

(1—7)w=% (29)

n n

Making use of the above equations steady state equilibrium can be pre-

() 7(3)"

sented as a plot in * and 7 space as follows, noting that ¢ = oTn

(30)
[ (2>1_U (g)" =Y +g (31)

n n

where the last equation makes use of the fact that in steady state the flows
from and to unemployment are equal and where g is the rate of growth of
the labor force (n+wu). Using (30), the vacancy creation curve, and (31), the

steady state flows curve, one solves for = and 7 given (1ir) %, %, Y, g, uand

the parameter values A and o.

7.2 Relating the Matching Model to U.S. Data

The idea is to relate the steady state relationships (30) and (31) to the
actual data. The aim is to find a region in - — = space where these equations
are a reasonable approximation of the steady state around which the data
points are scattered. Hence this is a “stylized exercise” which needs to be
understood as such.

In order to do so one needs to use the relevant unemployment pool wu.
The hiring series used here includes worker flows to employment from both

the out of the labor force pool and the official unemployment pool. In what
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follows I present three alternative formulations for u: in one it is the official
unemployment pool; in a second, it is the official unemployment pool plus
marginally attached workers; and in a third it is the official unemployment
pool plus workers who “want a job.” Using these variables, and a vacancy
series, Figure 3 plots the data and the model steady state equations (30)
and (31) in * — £ space for official unemployment while Appendix F, which
elaborates on the data and the procedure, does the same for the other two
formulations of unemployment.

The figure shows actual U.S. data points of » and = as well as the curves
implied by the two steady state equations in three sub-periods: 1976-1991;
1992 (or 1994) - 2006; 2007-2011.16 Table 10 presents average sample values
of all relevant variables in the three sub-periods using official unemployment.
Appendix F does the same for the other two formulations of unemployment.
Figure 3 and Table 10.

The data points are fairly well distributed around the steady state curves.
By construction the intersection of the curves lies at the relevant sample
average values. It turns out that the three alternative unemployment pools
yield the same qualitative conclusions. The figure and the table suggest the
following interpretation of U.S. labor market developments:

(i) Both curves shifted down going to the 1990s, thereby lowering unem-
ployment and vacancies.

(ii) With the Great Recession, both curves shifted up in a way that the
unemployment rate increased considerably while the vacancy rate fell some-
what.

What movements in variables generated these changes?” The emerging
partial equilibrium “story” is as follows:

(i) Going from the 1976-1991 sub-period to the 1992/4-2006 sub-period,

both curves shift down. For the vacancy creation curve this is due to the

16The “marginally attached” and “want a job” worker series are available only from

1994. Appendix F discusses the reasons underlying the choice of the three sub-periods.
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decline in job values é% and to the increase in the investment rate %
For the steady state flows ncurve this is due to the decline in the separation
rate ¢ and in the labor force growth rate g. Equilibrium unemployment and
vacancy rates both decline, as do hiring and separation rates.

(ii) Going from 1992/4-2006 to 2007- 2011 both curves shift up. For the
vacancy creation curve this is due to a rise in job values ﬁ% and a decline
in investment % For the steady state flows curve this is dune to the rise in
the separation rate 1, and despite a further decline in the labor force growth
rate g. Equilibrium unemployment rises (as do hiring and separation rates)
while vacancy rates fall. The intuition is clear: the higher the job value,
the higher is vacancy creation, and the curve for the latter moves up. The
less intuitive aspect is the rise in job values in recession. This aspect was
documented and explained around Figure 2 in Section 5 above.

How would these © — = developments look like in the typical search and
matching model? Figure 4 shows the three sub-periods changes in a proto-
typical Pissarides (2000) model which may be compared to Figure 3 of the
current model. Figure 4.

Essentially the curve of the steady state flows equation (31) remains the
same across models and it therefore moves identically over the three sub-
periods across models. But the equation for vacancy creation is now equation
(16), as discussed above, and it replaces equation (30)). It is depicted as a

straight, positively sloped line. Re-writing (16) in the steady state, using the

same matching function, it is given by:

Yoren = (L= 7)en (5) (32)

u
Going from the 1976-1991 sub-period to the 1992/4-2006 sub-period it
hardly moves in the Pissarides (2000) framework. As the ¥ ratio in the

data hardly changes, this lack of movement means that unless there are

N
search

substantial changes in 7, ¢ or © then @ is little changed. The data inform
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us that the corporate tax 7 is little changed and Figure 2 (in sub-section

N

5.4.4 above) indicates that on average Q5. .,

is indeed little changed across
these sub-periods. Hence the typical search and matching model basically
attributes the changes in this time frame to the declines in the separation
rate ¢ and in the labor force growth rate g, moving the steady state flows
curve downwards along a mostly unchanged vacancy creation curve. Were
it not for this latter movement, unemployment and vacancies would be little
changed in the Pissarides model. In contrast, the current model would predict
a big decline in unemployment and a big rise in vacancies were the steady
state flows curve unchanged. In terms of Figure 3 consider the case whereby
the dashed steady state flows curve does not move but the solid vacancy
creation curve moves down. As in sub-section 5.4.4 above, the two models
tell different “stories” about job values and their effects.

Going from the sub-period 1992/4-2006 to 2007-2011, including the Great
Recession, the interpretations differ again and once more job values are key.
In the current model the vacancy creation curve underlying (30) shifts up
as explained above, implying higher vacancy creation for a given rate of
unemployment. In the Pissarides (2000) framework the vacancy creation
curve underlying (32) moves down, implying lower vacancy creation for a

given rate of unemployment. This implies that in the Pissarides model the

N
search

job value @) has gone down, while in the current model the job value
has gone up; both of these movements in job values may be seen in Figure 2
of Section 5 above. Hence, while both models account for the developments

in v and v they attribute different reasons to the changes that took place.

7.3 The Determinants of U.S. Unemployment and Va-

cancies

In order to determine the specific role played by the different variables which

shift equations (30) and (31) in * — * space, namely ﬁQfN, %,w, g and p,

n
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Table 10 and Appendix F offer a comparison between the actual, total change
across sub-periods and counter-factual changes induced when one variable
only changes at any one time. In what follows, note that each variable has
its own effect on * and 7; sometimes the effect is dominated by the effects
of other variables.

(i) The job value ﬁ%went down from the 1976-1991 sub-period to the
1992-2006 sub-period therneby contributing to the fall in unemployment. But
this actually ran counter to the fall in vacancy rates. Going from the sub-
period 1992/4-2006 to 2007- 2011 it rose, contributing to both the rise in
unemployment in the Great Recession and the continued fall in the vacancy
rate.

(ii) The role of the investment rate + turns out not to be dominant. Its
rise operates to induce lower vacancies and higher unemployment and its fall
is supposed to induce the opposite. However it only contributed to the fall
in vacancy rates going from the 1970s and 1980s to the 1990s and 2000s but
it failed to influence the other changes.

(iii) The roles of the flow rates — separation ¢ and labor force growth
g— can be summed up as follows: first, going down from the 1976-1991
sub-period to the 1992-2006 sub-period they contributed to the fall in the
vacancy rate but did not bring about a rise in unemployment. Second, going
to the Great Recession period, v rose and g fell. The latter contributed to
the continued fall in the vacancy rate and the rise in the unemployment rate
but the effects of ¢) operated in the other direction and did not prevail.

Overall, the changes in job values ﬁ%and in the labor force growth
rate g played the dominant role. In particillar, with job values rising and
labor force growth falling ahead of the Great Recession, they engendered the
fall in the vacancy rate and the big rise in unemployment, i.e., the shift out

of the Beveridge curve.!”

1"The Beveridge curve is the term used for the empirical relationship between v and

u. In the search and matching literature, this term is often used to designate the steady
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Another lesson from this analysis is that implied matching efficiency ()
first rises and then falls over the sample period (see Table 10 and Appendix
F). The matching efficiency parameter is solved out of equation (31) in each
sub-period. In particular, the Great Recession period is characterized by
lower matching efficiency or by higher mismatch. The analysis above, which
includes the relevant steady-state value of p in each sub-period, incorporates
these matching efficiency changes. It thus shows movements of the relevant

curves after already taking into account matching efficiency changes.

8 Conclusions

The key notions in this paper are the forward-looking aspect of investment
and hiring and their joint determination. More specifically, the results indi-
cate three sets of key implications:

One is the complementarity between hiring and investment, with the
hiring rate heavily influenced by the present value of investment, while the
rate of investment is less influenced by the present value of hiring. A second
is that in the sample period, U.S. investment rates and their present value
(the value of capital) are pro-cyclical while hiring and job values are counter-
cyclical. Estimated job values here were shown to differ from those derived
from the standard search and matching model. The main determinant of
these capital values and job values are future returns, in line with what has
been found in the Finance literature for asset prices. The third is that U.S.
labor market experience, including the Great Recession, can be depicted in
a stylized way using the estimated model. Going from the 1970s and 1980s
to the 1990s and 2000s, job values declined as did labor force growth rates.
Hence there ensued a decline in vacancy and hiring rates, and, concurrently,

in unemployment rates. Moving from the last period to the Great Recession,

state flows equation, given by (31).
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job values went up while labor force growth rates continued to decline, leading
to a rise in unemployment and a decline in vacancy rates.

The particular role of job values (Q) merits emphasis. It was shown to
be different from the standard search and matching value (see Figure 2 and
the discussion in sub-section 5.4.4); it exhibited counter-cyclical behavior
over the sample period, rising in recessions (see Figures 1d and 2); and it
was dominant in the stylized explanation of unemployment changes — both
the fall, going into the 1990s and 2000s, and the subsequent rise in the Great
Recession of 2007-2009.

This paper, intentionally, did not specify a full DSGE model. This was
done in order to focus on firms’ investment and hiring decisions and not
let the analysis be affected by possible mis-specifications or problematics in
other parts of the macroeconomy. To account for firm investment and hiring
behavior, one does not need to get into issues such as optimal intertemporal
consumption and labor choices of the individual, with all the associated em-
pirical difficulties. Future research may, nonetheless, take up such a model in
an attempt to map the linkages between the structural shocks to the economy

and the differential evolution of the relevant present values.
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Table 1

Descriptive Sample Statistics
Quarterly, U.S. data 1976-2011

Variable % T % 1) % % P I5}
Mean 0.153 0.380 0.022 0.015 0.652 0.132 0.131 0.994
Standard Deviation 0.013 0.053 0.003 0.003 0.017 0.012 0.012 0.004
Table 2a
GMM estimates
e1 €2 €3 M1 P N3 J1 f2 o J
1 57,166 20.5 —98.6 3.16 1.93 1.00 —-0.98 0.005 0.67 80.5
(94,598) (18.2) (57.7) (0.34) (0.54) (0.05) (22.8) (0.15) (0.05) (0.009)
2 54,299 7.9 -73.5 3.25 1.71 1.00 0 0 0.67 88.0
(36,173)  (1.7) (9.2) (0.11) (0.16) (0.01) - - - (0.004)
3 1585 2.0 -3.9 3 2 1 0 0 0.67 75.1
(328) (0.3) (1.3) — — — — — — (0.08)
4 76 1.8 —6.9 2 2 1 0 0 0.67 75.1
(12) (0.3) (1.4) - - - — (0.08)
Table 2b

GMM estimates, Standard Specifications

e es es J-Statistic fixed parameters
1 107 0 0 77.4 N =2
(4) - - (0.08)
2 0 0.16 0 75.7 Ny =1
— (0.01) — (0.10)
3 64 0.84 0 76.3 N =2,m9 =2
(10) (0.26) — (0.08)

Notes:

1. The tables report point estimates with standard errors in parantheses.
The J-statistic is reported with p value in parantheses.
2. The instrument set is %, nwW’% with 10 lags.

3. When fixed, « is set at 0.67.



Table 3a
Costs Implied by the GMM Estimation Results

specification % % &
mean  std. mean std. mean std.
1 all free 0.026 0.015 1.05 5.67 0.97 0.50
2 partially constrained 0.011 0.009 0.67 4.07 0.29 0.32
3 m=3n=2n=1 0.012 0.002 0.25 0.27 0.18 0.03
4 my=mny=2,m3=1 0.014 0.002 0.75 0.30 0.08 0.04
Notes:

1. Mean and std. refer to sample statistics.
2. The functions were computed using the point estimates in Table 2a.

Table 3b
Costs Implied by the GMM Estimation Results
Standard Specifications

i i g 9gi 9h
specification 7 / i
1

mean  std. mean std. mean std.
1 ny=2e0=e3=0 0.03 0.008 2.33  0.36 -

2 e1=e3 =0 0.02 0.002 — — 0.16 —

3 e3 =0 0.02 0.004 1.39 0.21 0.11 0.01

Notes:
1. Mean and std. refer to sample statistics.
2. The functions were computed using the point estimates in Table 2b.
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Table 4
Decomposition of the Hiring Rate and Investment Rate
Equations

First Two Moments

a. Hiring Equation

he 0 I G0
ne  (eres —e%) e Jt

nt kt

1 2
hy ( el ) Ihy ( —e3 ) iy
nt 616276% 7% 616276% IJ%
1 | mean 0.13 | relative mean 0.58 0.42
2| std 0.01 | relative var 7.9 3.9
3 relative cova —5.38

b. Investment Equation

it 1 Ghy Git
ke (erea — e%) ( 3T 2 ft)

ne k+
1 2
it ( —es3 ) Ihy ( €2 ) Giy.
k't 616276% TJ% 6162763 ]JC%
1 | mean 0.02 | relative mean 0.32 0.68
2 std 0.003 relative var 0.85 3.50
3 relative cova —1.67

Notes:
1. The equations include the following terms:

. -1
G _ | P, i \" ™
% |:€2(7’Lt) + €3 ]{t ng
t
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; i he \'3 iy 131
& — el(i)nl—l + e3 hid “t
It ky ne) Ky
k¢
2. Row 1 reports the mean hiring or investment rate and the relative
means of the two decomposition terms indicated in columns 1 and 2.
3. Row 2 reports the std. of the hiring or investment rate and the relative
variances of the two decomposition terms indicated in columns 1 and 2.
4. Row 3 reports the relative co-variance of the two decomposition terms

indicated in columns 1 and 2.
5. All results are based on the point estimates of row 4 in Table 2a.

Table 5
Scope and Elasticities Implied by the GMM Estimation Results

. . oK . ON K N
specification scope 8%3( % 8%5\, % gg; % 885}\, Qh—t
Table 2b row 3 || both, no interaction 0 11.1 — - 1
(2.6) —
Table 2a row 4 preferred 1.36 13.7 0.35 8.32 0.56
(0.08) (3.2) (0.18) (0.51) (0.21)

Notes:

1. All computations are based on the point estimates of Table 2a and
2b.

2. The scope statistic is defined as

3=

)

3. The elasticities are derived in Appendix A.

9(0,2) + g(
g(

B

3|

Y

ElE
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Table 6

Stochastic Behavior of Hiring and Investment

a. The Raw Series — Data Moments

i h
k n
mean 0.02 0.13
median 0.02 0.13
std. 0.003 0.010
coefficient of variation 0.15 0.08
auto-correlation 0.98 0.93
correlation —0.58
18 .030
- 028
L .026
L .024
L .022
L .020
L .018
N+ 7 77— 71— .016

1980 1985 1990 1995 2000 2005 2010

—h/n --- ik

h .
Figure la: Hiring — (left axis) and investment % (right axis), raw
n
data



b. Cyclicality
Hiring p(%,y:14)

HP filtered (A = 1600)
lag/lead  —8 —4 -1 0 1 4 8
-0.15 -0.30 -0.34 -0.25 -0.12 0.17 0.20
-0.13 —-0.20 —0.11 —0.04 0.05 0.21 0.09
-0.18 -0.31 -0.30 -0.19 -0.07 0.22 0.19

TS [~~~

BK filtered (Baxter-King, 6-32)
lag/lead  —8 —4 -1 0 1 4 8
-0.23 -0.34 -045 -0.36 —-0.24 0.11 0.13
-0.09 -0.19 -0.20 -0.08 0.01 0.17 0.03
-0.29 -0.35 -040 -0.29 -0.17 0.17 0.13

T3 [~

Investment p( ]i—tt, Yiti)

HP filtered (A = 1600)
lag/lead -8 -4 -1 0 1 4 8
0.10 0.50 0.84 0.79 0.63 -0.03 —0.40
0.10 0.62 0.63 0.50 0.29 -0.34 -0.44
—-0.06 0.60 0.84 0.75 0.55 —-0.17 -0.49

BK filtered (Baxter-King, 6-32)
lag/lead -8 -4 -1 0 1 4 8

T3 [~~~

f —-0.12 051 0.84 0.79 0.62 0.00 —0.27

L 0.12 049 0.63 049 027 -0.28 —0.37

% 0.01 0.62 0.84 0.73 051 -0.16 —0.39
Notes:
1. The variable y denotes the cyclical indicator which is f (NFCB GDP),

or % (labor productivity), or % (capital productivity).
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¢ Investment and Hiring Co-Movement p(In Z—i,ln ]Zg:l)
HP filtered (A = 1600)
lag/lead -8 -4 -1 0 1 4 8
—-0.08 —-0.24 -0.35 -0.30 —-0.22 0.10 0.21

BP filtered (Baxter-King, 6-32)
lag/lead -8 -4 -1 0 1 4 8

-0.20 -0.26 -044 -042 -0.35 0.02 0.19
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Figure 1c, Panel A: Hiring — and investment Y rates (logged,

HPnﬁltered) .
.03 .20
.02 .15
.01 .10
.00 .05
-.01 .00
-.02 r-.05
-.03 r-.10
-.04 --.15
2205 e - -.20

1980 1985 1990 1995 2000 2005 2010
—— In h/n (BK) left axis
--==Ini/k (BK) right axis

L .
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Table 7
Cyclicality of Marginal Costs and the Expected Present Values

Investment Value p(%, Yt+i)
k¢
HP filtered (A = 1600)
lag/lead  —8 -4 -1 0 1 4 8
-0.13 046 0.77 064 0.51 -0.11 -0.38
0.09 053 0.52 0.39 0.18 —-0.34 -0.38
—-0.04 0.55 0.76 0.66 0.44 -0.22 —-0.45

T3 [~

NS

—-0.33 025 084 092 080 015 —0.44

BK filtered (Baxter-King, 6-32)
lag/lead  —8 -4 -1 0 1 4 8
—-0.20 046 0.80 0.71 0.53 —0.08 —0.34
0.03 051 0.55 040 0.19 -0.29 -0.38
—0.08 0.57 0.79 0.66 043 -0.22 —0.42

T3 [~

o

—-0.36 024 089 094 086 0.18 —0.43

Hiring Value p(gf%, Yi+i)

nt0.64

HP filtered (A = 1600)
lag/lead  —8 —4 -1 0 1 4 8

f =001 -041 —0.65 —0.61 —0.49 0.08 0.36
I 013 —048 050 —041 —0.25 031 0.35
L ~0.10 —0.46 —0.62 —0.55 —0.39 0.22 0.44
h 016 —005 026 058 031 013 —0.13

BK filtered (Baxter-King, 6-32)
lag/lead  —8 —4 -1 0 1 4 8
—-0.03 -0.41 -0.69 -0.67 —-0.56 —0.02 0.24
—-0.12 —-0.50 -0.57 —-0.48 -0.32 0.21 0.30
—-0.14 —-0.48 -0.66 —-0.60 —-0.45 0.13 0.34

T3 [~

3=

—-0.12 -0.03 0.55 0.63 0.58 0.09 —0.04
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Table 8

Investment Returns Series

a. Moments, 1976-2000, annual data

MP GRR R!
t

mean 3.78 3.74 3.64
median 3.87 3.80 4.09

std 0.25 1.33 2.49

skewness || —0.56 —-0.62 —0.65
kurtosis 1.86 5.04 2.13

b. Correlations I, 1976-2000, annual data

MP GRR R}
MP |1
GRR | 0.14 1
R} 056 0.19 1

Correlation II, 1976-2008, quarterly data
o(GRR, R}) =0.37

Notes:

1. MP is the McGrattan and Prescott (2003) series, described on their
page 393 and available on

ftp://ftp.mpls.frb.fed.us/pub/research/mcgrattan/sr313/data/nipar.dat.

2. GRR is the Gomme, Ravikumar and Rupert (2011) series, described
on their pages 269-270 and delineated in their Table 2 (page 270).

3. Table 8a drops 3 annual observations and Table 8b drops 3 quarterly
observations where returns exhibit big spikes.
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Table 9
VAR Results

Investment
H coef. std. R LR coef.
o1 0.89 0.03  0.90
bi p1 || —0.07 0.03  0.97 b 1 —0.01
br p1 | —0.14 0.03  0.11 by —1.05
bgr p1 | —0.005 0.02  0.16 b 1 —0.04
bs_p1 | 0.0004 0.0002 0.998 | by ,  0.003
Hiring
H coef. std. EQ coef.
b9 0.80 0.02 0.92
bao1 p2 | 0.01 0.01 0.95 by po 018
bazz p2 | 0.004  0.01 0.94 by po  —0.07
bro p2 || —0.34  0.02 0.66 by e —0.90
bgn p2 [ 0.001  0.02 0.001 b%;;w2 0.003
by p2 | —0.004 0.02 0.88 by o —0.007

Notes:

1. The VAR formulation is given in Section 6.3, with full derivation
provided in Appendix E.

2. The relevant long run coeflicients, for capital are:

k
o= bgk_p1 S P05 _p1
Inp 1—pFg, =P 1—pFg,
blr _ (1 B pk)bd,pl .olr _ bT,pl
S S
For labor:
2
pir _ bon_p2 Coglr P" by p2
gn_p2 T | _ pn2¢2’ Yp T — pn2¢2
blr _ (1 B pnl)(l - an)bd217p2
d2l1 p2 — 1— pn2¢2
i M (= p")baza o e bra p2
d22_p2 — 1_ pn2¢2 » Yr2 p2 — 1 _ Pn2¢2

where ¢, is the AR coefficient on p', ¢, is the AR coefficient on p?the b. p1,2
are the coefficients w.r.t p'2 and Ir denotes the long-run.
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Variables in the o

Table 10

u

~ Analysis

u = official unemployment

a. Total
1976 — 1991 | 1992 — 2006 | 2007 — 2011 | Full sample
- 0.039 0.030 0.024 0.033
- 0.076 0.057 0.083 0.069
% 0.142 0.124 0.124 0.132
I 0.019 0.024 0.023 0.022
=% 0.489 0.245 0.340 0.369
" 0.142 0.122 0.126 0.131
g 0.0049 0.0032 0.0006 0.0035
W 2.72 3.01 2.82 2.82
b. Only % changes
1976 — 1991 | 1992 — 2006 | 2007 — 2011
- 0.039 0.028 0.029
- 0.058 0.082 0.079
z 0.019 0.024 0.023
ﬁ% full sample average
Y full sample average
g full sample average
1 QY
¢. Only ;== changes
1976 — 1991 | 1992 — 2006 | 2007 — 2011
- 0.025 0.050 0.036
- 0.092 0.045 0.064
I full sample average
1 Q
1T 0.489 0.245 0.340
P full sample average
g full sample average

Xiv




d. Only ¢ changes
1976 — 1991 | 1992 — 2006 | 2007 — 2011

o 0.043 0.025 0.029
o 0.062 0.079 0.074
i
i AT sample vt
n

ﬁ Qi full sample average
v 0.142 | 0122 0.126
g full sample average

e. Only g changes
1976 — 1991 | 1992 — 2006 | 2007 — 2011

v 0.034 0.033 0.031
. 0.068 0.069 0.072
2 full sample average
% full sample average

ﬁ% full sample average
P - full sample average
g 0.0049 0.0032 0.0006

Notes:

B N
1. For each sub -period one of the variables £, ﬁ%ﬂ/’ or g is taken

to be at its sub-sample average while the rest are taken to be at their
full sample average. This then is computed four times, each time picking
another variable.

2. For each of the above permutations, > and  are solved out of the
two equations:

3. The parameters A, ez, e3,0 are always constant (see Appendix F).
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Figures 1 appear within Tables 6 and 7 above
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Figure 3
Unemployment-Vacancies Analysis
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Notes: The solid line is the vacancy creation curve (equation 30) and
the dashed line the steady state flows curve (equation 31).

Figure 4
Unemployment-Vacancies Analysis of the Pissarides (2000)
Model
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Notes: As in Figure 3, except that the vacancy creation curve is equa-
tion (32).
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APPENDICES -FOR ONLINE PUBLICATION

1 Appendix A

The Cost Function and its Derivatives; Elasticities

The Cost Function

B €1 it n €9 ht n €3 (Zt ht)n3:|
V= |—=(=)"r+ =Z(=)r2 4 = == 2ty Mgy Kt ).
o) = [+ 2y 2 IR

First Derivatives

_ b\, he i \™1 fi
Gny = [62(7%) + e3 (n_tk_t> }n—t

. . /]’]
o {ﬂ(z_t)m Lol e (Lh_) } Ji
M ke M2 T T3
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Second Derivatives

. n1—2
er(n; — 1) (Z_i) [ (22, my, k)
Gisy i h n3—2 L 2 k?2 (6)
rom () () ] ©
ny—2
es(n; — 1) Z_: J(zz,n, ky)
Ghhe = AL ENIAY n2 (7)
el =0 (3)"(8) ]
o
i he N 20y, ke
== e (7)1t
Gin

Elasticities
Starting from the F.O.C and differentiating the following is obtained:!

QK
0 QF o i
QK i (1 —74) [Gudnn — Gindnil -
QK
Ohy QK _ Ghi 1%
Q¥ hy (1= 74) [GiGnn — Ginlna) 22
QN
oh, QN Gii i
QN hy (1 —74) [GisGnn — GinGna] 2
QN
00 QY _ Gir id
QN iy (1 —74) [Gugnn — Gingni] 3

IThe complete derivation is avaialble upon request.



2 Appendix B

The Data
variable ‘ symbol ‘ definition
GDP 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 (0 gross separations divided by employment
vacancies v adjusted Help Wanted Index
investment 1 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 40
GDP deflator p’ NIPA table 1.15, line 1
wage share % NIPA table 1.14, lines 17 and 20
discount rate T NIPA Table 2.3.5; see note 1
employment n CPS; see note 2
hiring h CPS; see note 2
separation rate WY CPS; see note 2
vacancies v Conference Board; see note 3
investment 1 BEA and Fed Flow of Funds; see note 4
capital stock k BEA and Fed Flow of Funds; see note 4
depreciation ) BEA and Fed Flow of Funds; see note 4
price of capital goods | p’ NIPA and U.S. tax foundation; see note 5

The sample period is 1976:2-2011:4 and 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 utility
U(e) =Ing.
Then in general equilibrium:

U'le) =U'(cey1) - (1+14)

Hence:

Pt = ——
Ct+1

where ¢ is non-durable consumption (goods and services) and 5% of durable
consumption.

2. Employment, hiring and separations

As a measure of employment in nonfinancial corporate business sector
(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), less unpaid family workers (series
ID LNS12032193). All series originate from CPS databases. I do not subtract
workers in private households (the unadjusted series ID LNU02032190) from
the above due to lack of sufficient data on this variable.

To calculate hiring and separation rates for the whole economy I use the
series kindly provided by Ofer Cornfeld. This computation first builds the
flows between E (employment), U (unemployment) and N (not-in-the-labor-
force) that correspond to the F, U, N stocks published by CPS. The method-
ology of adjusting flows to stocks is taken from BLS, and is given in Frazis
et al (2005).2 This methodology, applied by BLS for the period 1990 onward,
produces a dataset that appears in http://www.bls.gov/cps/cps flows.htm.
Here the series have been extended back to 1976.

The quarterly separation rate (¢)) and the quarterly hiring rate (h/n) for
the whole economy are defined as follows:

EN+ EU
V=T E

NE+UE
h = —
/n -

2Frazis, Harley J., Edwin L. Robison, Thomas D. Evans and Martha A. Duff, 2005.
“Estimating Gross Flows Consistent with Stocks in the CPS,” Monthly Labor Review,
September, 3-9.



where the employment (F) is the quarterly average of the original sea-
sonally adjusted total employment series from BLS (LNS12000000).

3. Vacancies and Market Tightness

In order to compute 5 1 use:

(i) The vacancies series based on the Conference Board Composite Help-
Wanted Index that takes into account both printed and web job adver-
tisements, 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 (2001Q1-
2011Q4).

(ii) The unemployment and the out of labor force series are the BLS CPS
data.

4. Investment, capital and depreciation

The goal here is to construct the quarterly series for real investment flow
1y , real capital stock k; , and depreciation rates d;. 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 28,
BEA).

e Construct annual fixed-cost depreciation of private nonresidential fixed
assets in NFCB sector, D, . The chain-type quantity index for de-
preciation originates from FAA table 4.5, line 28. The current-cost
depreciation estimates are given in FAA table 4.4, line 28.

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

I, =K, — K; 1+ Dy

e (Calculate implied annual depreciation rate, d,:

I — (K — K1)

50 =
K,y +1,/2




Calculate implied quarterly depreciation rate for each year, 0 4,:

5(1 + (1 - 5q)5q + (1 - 5q)25q + (1 - 5(1)35(1 = Oa

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 2000 dollars (NIPA table 1.14, line 41). This
procedure yields the implicit price deflator for depreciation in NFCB.
The resulting quarterly series, 7; _unadj, is thus in real terms.

Perform Denton’s procedure to adjust the quarterly series i, wunadj
from Federal Flow of Funds accounts to the implied annual series from
BEA I;, 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 kg (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 0, and investment series ¢; from above:

kt+1 - kt . (1 - 5qt> + th

5. 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 Inwv
consists of equipment Eq and structures St. I define the time-t price-indices
for good j = Inv, Eq, St as p] and their change between t — 1 and ¢ by Ap],
j = Inv, Eq, St. These price indices are chain-weighted. Thus:

nv E
Apl{ — tApt I + (1 o Wt) Apft
pimy Y Pt



where
(nominal expenditure share of Eq in Inv);_4

+ (nominal expenditure share of Eq in Inv),

5 .
The weights w; are calculated from the NIPA table 1.1.5, lines 8,10. The
price indices p{ for j = Eq, St are from NIPA table 1.1.4, lines 9, 10. I divide
the series by the price index for output, pf , to obtain the real price of new
capital goods, p’.

Note that the price indices p¥ and p°! and therefore p’ are actually
adjusted for taxes. The parameter 7 denotes the statutory corporate income
tax rate as reported by the U.S. Tax Foundation.

Let ITC denote the investment tax credit on equipment and public util-
ity structures, ZPDFE the present discounted value of capital depreciation
allowances, and x the percentage of the cost of equipment that cannot be
depreciated if the firm takes the investment tax credit. Flint Brayton has
kindly provided me with the data. Then

Wi =

qu = ﬁEq (1 - TEq)

p* = P (1—7st),

(1 -7 ZPDESt)
1—171
1—ITC —7ZPDEFa (1—=xITC)

1—17




3 Appendix C

The following tables report variations on the specifications reported in

Tables 2a and 2b.

Alternative Specifications

Table C-1
GMM estimates

e €3 €3 Uh Up; 13 f; f2 «

1 85,018 8.6 —41.8 3.88 2.20 1.06 2.74 0.02 0.68

(234,098) (9.2) (12.2) (0.34) (0.52) (0.01) (6.60) (0.25) (0.009)

2 113,317 6.9 —33.0 3.98 2.08 1.02 3.56 —0.02 0.67
(191,649) (1.7) (5.6) (0.09) (0.19) (0.01) (3.50) (0.36) —

3 62,637 8.4 —52.1 3.36 1.87 1.01 0 0 0.67
(45,384) (2.3) (8.1) (0.11) (0.21) (0.01) — — —

4 30,378 71  —434 3.22 1.96 1.02 0 0 0.67
(48,639) (3.6) (19.8) (0.38) (0.37) (0.07) — — —

5 1436 1.9 -25 3 2 1 0 0 0.67
(355) (0.4) (1.3) — — — — — —

6 —469 0.6 7.6 3 2 1 0 0 0.67
(327) (0.3) (1.5) — — — — — —

7 76 1.5 —48 2 2 1 0 0 0.67
(12) (0.4) (1.5) — — - — — —

8 58 1.4 —4.2 2 2 1 0 0 0.67
(10) (0.3) (1.5) — — —



J-Statistic instrument set

1 68.7 hil
(0.07)

2 72.9 hil
(0.04)

3 82.9 hiilf
(0.01)

4 85.9 hipl
(0.01)

5 73.5 hiif
(0.10)

6 71.6 hipl
(0.13)

7 71.7 hiil
(0.12)

8 77.1 hiipl
(0.06)

Notes:

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



Table C-2
Adjustment Costs Implied by the GMM Estimation Results

specification % % o
k n
1 all free 0.050 0.003 0.39 0.87 0.13 0.16

2 partially constrained 0.034 0.004 1.10 0.83 0.11 0.15
3 partially constrained 0.015 0.008 1.29 3.19 0.35 0.24
4 partially constrained 0.007 0.007 1.37 2.44 0.18 0.18
5 M =3ny=2,n=1 0.014 0.001 0.37 0.23 0.19 0.03
6 n=3n=2n;=1 0.025 0.002 0.77 0.13 0.24 0.02
T o m=ny=2n3=1 0.018 0.003 1.01 0.29 0.09 0.03

8 m=ny=2n3=1 0.015 0.002 0.72 0.22 0.09 0.03

Notes:
1. Mean and std. refer to sample statistics.
2. The functions were computed using the point estimates in Table C-1.

The first four specifications, with no or few restrictions, have low p-values
and imprecise estimates of the scale parameters, very much like those of rows
1 and 2 in Table 2a. As in the latter table, they seem to point to a power
specification of 7, = 3,7, = 2,173 = 1. The remaining four specifications,
more restricted, have precise estimates and higher p-values. They imply cost
functions that are similar to those of rows 3 and 4 in Table 2a.
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4 Appendix D1

Comparison of the Frictions Estimates to the Literature

4.1 Hiring Costs

Mortensen and Nagypal (2006, page 30)® note that “Although there is a
consensus that hiring costs are important, there is no authoritative estimate
of their magnitude. Still, it is reasonable to assume that in order to recoup
hiring costs, the firm needs to employ a worker for at least two to three
quarters. When wages are equal to their median level in the standard model
(w = 0.983),hiring costs of this magnitude correspond to less than a week of
wages.” The widely-cited Shimer (2005) paper* calibrates these costs at 0.213
in terms similar to g;, here, using a linear cost function, which is equivalent
to 1.4 weeks of wages. Hagedorn and Manovskii (2008)° decompose this cost
into two components: (i) the capital flow cost of posting a vacancy; they
compute it to be — in steady state — 47.4 percent of the average weekly labor
productivity; (ii) the labor cost of hiring one worker, which, relying on micro-
evidence, they compute to be 3 percent to 4.5 percent of quarterly wages of a
new hire. The first component would correspond to a figure of 0.037 here; the
second component would correspond to a range of 0.02 to 0.03 in the terms
used here; together this implies 0.057 to 0.067 in current terms or around 1.1
to 1.3 weeks of wages.

4.2 Investment Costs

The Q literature exhibits huge variation across studies over the past four
decades. One finds estimates of marginal costs varying from as low as 0.04 to
as high as 60 (in terms of %) These differences in marginal cost estimates are
usually due to differences in the parameter estimates, and not just due to the
diversity in the rate of investment used. One can divide the results into three

3Mortensen, Dale T. and Eva Nagypal, 2006. “More on Vacancy and Unemployment
Fluctuations,” working paper.

4Shimer, Robert, 2005. “The Cyclical Behavior of Equilibrium Unemployment and
Vacancies,” American Economic Review, 95,1, 25-49.

®Hagedorn, Marcus, and Iourii Manovskii, 2008. “The Cyclical Behavior of Equilibrium
Unemployment and Vacancies Revisited,” American Economic Review, 98, 4, 1692—
1706.
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sets: (i) the earlier studies, from the 1980s, suggested high costs, whereby
marginal costs range between 3 to 60 in terms of average output per unit of
capital and the implied total costs range between 15% to 100% of output;
(ii) more recent studies report moderate costs, whereby marginal costs are
around 1 in terms of average output per unit of capital and total costs range
between 0.5% to 6% of output; (iii) micro-based studies, using cross-sectional
or panel data, report low costs, whereby marginal costs are 0.04 to 0.50 of
average output per unit of capital and total costs range between 0.1% to
0.2% of output.

Coming back to the initial question of comparing these estimates to the
current findings, two main conclusions emerge:

(i) The standard specification that I run that is closest to the one used
in most Tobin’s Q studies is the one reported in row 1 of Tables 2b and 3b.
This is the specification positing a quadratic function and ignoring labor.
The implied total costs are 3% of output (as in studies of the moderate costs
set) and the implied marginal costs are 2.3 of average output per unit of
capital (as in the high costs set). As indicated above, this is 17% of the price
of a unit of investment good p’. These implausible results are a major reason
to reject these particular estimates here.

(ii) The results for the preferred specifications, i.e., the GMM results of
the full model reported in row 4 of Tables 2a and 3a,° correspond to the third
set, i.e., to low costs.

Looking at marginal costs as a fraction of output per unit of capital (%), estimated
k

at a mean of 0.75.
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5 Appendix D2

Cyclical Behavior of Key Labor Market Variables

The following hold true in steady state:
Hiring to employment h equals separations from employment s:

h=s 9)

Non-employment in the steady state, i.e., unemployment u plus the pool out
of the labor force o, satisfies:

ut+o
pop Lo tip

where pop is the working age population and ) is the separation rate from
employment n (i.e., s= ¢ n).

(10)

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:

h h Xu—i—oxjﬂ (11)

n u+4o pop n

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

ho b " 1
- ><h+¢>< - (12)

pop

S~ w u+o0

hiring rate job finding Ss non-emp inv emp ratio

The following table shows the co-movement statistics for these variables.

13



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

Co-Movement (contemporaneous) with Cyclical Indicators

logged, HP filtered

hy hy P 1
ny ne ug+-0¢ “t’:f"t T4 PgtPt
with GDP f 081 —-0.25 0.53 —-0.39

—0.82

with labor productivity% 0.42 —-0.04 038 —-0.31 —0.46

logged, BK filtered

ht hy L 1
N ng ut+ot Ut’:’_fnt +¢ pgtpt
with GDP f 0.85 —0.36 0.69 —0.84 —0.86
with labor productivity % 0.46 —0.08 0.50 —0.75 —0.50

Notes:

1. o; is the pool out of the labor force.
2. POP, is the working-age population.

14



The employment stock n and the job finding rate Ut}'lffOt are pro-cyclical,

as is well known. Steady state non-employment hﬂ " and the inverse of
u—+o

the employment ratio —— are counter-cyclical, as widely known too. At the
pop
same time the 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.
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6 Appendix E

Derivation and Estimation of the Asset Pricing Model

6.1 Investment in Capital

Define:
o+ I K
Fl= (1-m) (g 7 pt) - %
ke ke
Dtl _ (1 _ Tt) (fkt ;gk‘t)
ke
o (1rel™)la-s)p+ DY
o P
Using:
e
kE ke
Glii = 7o
ki
Hence:

G [(1-8,)P} + D]]
Pl
D1+ =20

D}
1
Py

Gl

mR' = In (G{/’“)
(1— 6P
—~InPL,

Looking into the second term:
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(1 B 6t)Rfl>
D}
= InD;} +In(1+ eln(l*‘st)“’%*d%)
>~ dy +co+p (In(1—6,) +py — dy)

. 1
In (Dg(l + %)) — InD}+In(1+
t

where:
(1=5)P!
k Dl
P = —q5p
1+ 592
Hence:

lnRi,L >~y +1n (G{/k> —i—dt1 +co + pk (ln(l —0¢) +pt1 — di) —ptl_1
So:

pg_l ~c3+1n G,{/k + pk In(1 —4;) + pkpi +(1-— pk)dg - 7“tl (16)

6.2 Hiring of Labor

Define:
pP? = (1 _Z)ght = f_fv (17)
D2 = (1-7) G-%-%) (18)
DM = (1-7) (a - %) (19)
D = (1-m)g nt (20)

(149 10 = w)P? + D}
P,

17



where:

ft+1

f/m __n
Gl = "

nt

Hence:

G{™ [(1 = ¢,)P? + D' — D}?]

R =
t P,
n , ,2 1—,) P2
Gl (D - Dp) [1+ S
P,
f/"D271 <1 _ ﬁ) [1 (1—7/)t)P152:|
_ Gt t Dt2,1 + Dt2,1_Dt2,2
P,
mR> = WnG/"
+1n D?!
D22
+In (1 — ’;1)
.Dt7
(1 —v)P?
+1In {1 - DT D?;
—InP?,

Looking into the third term on the RHS:

D2’2 2,2 2,1
In (1 — #) = In(1—e® %)

t
= " (d - dp)

where:

D2‘2
nl _ D21
p - D22

1 - D21

Looking into the fourth term on the RHS:
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1 —_ P2 ) )
In (1 + %) = In(1-— en((1=¢,)+p; fdt)
D" — Dy

= o5+ p"(In(1 = ¢,) +p} — dF)

where

Now note that:

D2,2
4?2 = lan’l(l—#)

t
~ df’1+06+p"1(df’2—df’1)

So:

1 1 (1 B wt)PI? ~ n2 1 2 d2,1 nl d2,2 d271
n +D2,1 D22) = Cr+p (n(1—¢t)+pt_( i+ " (dyT = dy )))
¢ — Ly

= e+ p (Il = 9) +pi — (1= p")di" + p"d;)))

Collecting all terms:

WmR; = g+ WG +dt ),
" Ay = dp)
+pn2(ln(1 — ¢t) +p? — ((1 _ pnl)d?,l + pnldtZ,Z))>
So:

P = es+mG" 4 P In(1 =) + o7 (22)
+d (1 - p"™) (1 - p")
+di” (" (1= o)

2
—7;
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6.3 The VAR

I estimate the following structural VAR:

(Xt+1) =A+ BXt + &,
For capital

p%ﬂ
diJrl
X1 = | T+
In <G{ﬁ>
111(1 - (5,54_1)

The structural restrictions implied by (?7):7

er(I —p"B) = ((1—p*)es — e3+ es + p'es) B

For labor:
2
p3+11
Iy
N
t+1 — rt+1
n (GI[}
In(1 —1yq)
The structural restrictions implied by (?7) are:®
"where
e1 = (1,0,0,0,0)
es = (0,1,0,0,0)
es = (0,0,1,0,0)
€4 = (07 Oa 07 17 O)
€5 = (07 Oa Oa 07 1)
8where
e1 = (1,0,0,0,0,0)
€21 = (07 17 07 Oa 0’ O)
€22 = (07 07 17 Oa 03 O)
es = (0,0,0,1,0,0)
€4 = (07 Oa Oa 07 ]-7 0)
es = (0,0,0,0,0,1)
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er(I=p"B) = ((1 = p")(1 = p")eqr + p" (1 — p"))eas — €3 + €4 + p"e5) B
(24)

with similar definitions and where ¢, is the AR coefficient on p?.
Following estimation I compute the relevant long run coefficients. For
capital:

bi;k pl = —bgkﬁfl Db = —pkb(SJﬂ
- 1 —p*p, -* 1—pro,
o - (1- Pk)bd_pl; o br_p1
- 1—pre, N

where ¢, is the AR coefficient on p', the b. ,; are the coefficients w.r.t p'
and [r denotes the long-run.

For labor:
pir _ bgn_v2 _ by _p2
gn_p2 1 — pn2¢2’ ¥p 1 — pn2¢2
bfjrzl p2 = e p"l)(l - p"2)bd217p2
- 1- Pn2¢2
bfjr22 p2 = i G p”2)bd227p2; by b2 = —br27p2
- 1— p"2g, - 1— p"2g,

with similar definitions and where ¢, is the AR coefficient on p?.
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7 Appendix F

Relating the Model to the Data in ~—> Space

7.1 The Data

The unemployment data include the following three alternatives: In one it is
the official unemployment pool. In a second, it is the official unemployment
pool plus marginally attached workers; these are defined as persons who want
a job, have searched for work during the prior 12 months, and were available
to take a job during the reference week, but had not looked for work in the
past 4 weeks.” In a third it is the official unemployment pool plus workers
who “want a job;” these are workers who are out of the labor force but
replied (in the CPS) in the affirmative to the question if they want a job
now.!? Using these variables, and a vacancy series,!! Figure 3 in the main
text plots the data and the model steady state equations (30) and (31) in

+ — = space for official unemployment.

7.2 Construction of Figure 3

To see how Figure 3 is constructed start off from the equations:

<

es(AZ + (1— A) (M)

(25)
1 (3)1_0 (E)U =¢+yg (26)

n n

For each sub-sample period in Figure 3, I insert the average sample value

of ﬁ% = (1 —7¢) gu,, ,i—tt, 1, and g;, where the latter is labor force (u; +mn;)

growth.n

9FRED code is LNU05026642.
FRED code NILFWJN.
1Gee Appendix B for the computation of the vacancy series.
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I use the point estimates of the preferred specification (Table 2a row 4)
for e and e3. As the GMM estimates pertain to a specification which implies
A =0, I use here an arbitrary low value of A, set at 0.01.

I use a conventional estimate of o = 0.5 (see Yashiv (2007)) and I solve
(26) for p using the sample average values of * and *.

This allows me to plot (25) and (26) to which I add the actual data points
of 2 and » and get Figure 3. When doing so it turns out that the sample
period can be sub-divided into three sub-periods (1976 — 1991, 1992 (or 1994,
depending on data availability) — 2006, and 2007 — 2011) so that the data
points are scattered in a reasonable way around the intersection of the two
curves.

The above procedure is repeated for each sub-sample and for each defin-
ition of unemployment.
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7.3 Additional Tables

u = official unemployment+marginally attached

Table F-1

a. Total
1994 — 2006 | 2007 — 2011 | Full sample average
- 0.031 0.024 0.029
- 0.065 0.098 0.074
b 0.123 0.124 0.123
T 0.024 0.023 0.024
L 0.212 0.344 0.242

b 0.122 0.126 0.123
g 0.0031 0.0010 0.0024
1 2.78 2.61 2.70

b. Only % changes

1994 — 2006 | 2007 — 2011
" 0.028 0.033
- 0.078 0.066
1 full sample average
T 0.024 0.023
— QiN full sample average

P full sample average
g full sample average

c. Only 1%@ changes
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1994 — 2006 | 2007 — 2011
L 0.033 0.020
e 0.065 0.106
m full sample average
T full sample average
L0 0212 0.344
) : full sample average
g full sample average
d. Only i) changes
1994 — 2006 | 2007 — 2011
L 0.028 0.033
4 0.077 0.069
i full sample average
i full sample average
% full sample average
— QiN full sample average
b 0122 | 0126
g full sample average
e. Only g changes
1994 — 2006 | 2007 — 2011
L 0.030 0.027
u 0.073 0.077
M full sample average
T full sample average
b full sample average
ﬁ% full sample average
) B full sample average
g 0.0031 [  0.0010
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u = official unemployment 4+ “want a job”

Table F-2

a. Total
1994 — 2006 | 2007 — 2011 | Full sample average
=z 0.031 0.024 0.029
- 0.091 0.123 0.100
b 0.123 0.124 0.123
x 0.024 0.023 0.024
L& 0.210 0.346 0.240
. 0.122 0.126 0.123
g 0.0028 0.0011 0.0023
" 2.34 2.33 2.32
b. Only % changes
1994 — 2006 | 2007 — 2011
" 0.028 0.032
- 0.105 0.090
T 0.024 0.023
N
T full sample average
P i full sample average
g full sample average
c. Only ﬁ% changes
1994 — 2006 | 2007 — 2011
- 0.034 0.020
m 0.087 0.145

full sample average

T 0.210 0.346
P full sample average
g full sample average

26




d. Only ¢ changes
1994 — 2006 | 2007 — 2011

2 0.028 0.033

x 0.103 0.093

T full sample average

% full sample average
ﬁ% full sample average
i 0.122 [  0.126

g full sample average

e. Only g changes

1994 — 2006 | 2007 — 2011
- 0.030 0.028
- 0.099 0.103
% full sample average
% full sample average
ﬁ QLN full sample average
(G ) full sample average
g 0.0028 |  0.0011
Notes:

i1 QN
k'1—7 L

to be at its sub-sample average while the rest are taken to be at their
full sample average. This then is computed four times, each time picking
another variable.

2. For each of the above permutations, > and * are solved out of the
two equations:

ez(Aﬁ+(1—A>(M>%) )\+(1—/\)<M)) I
(

1. For each sub -period one of the variables 1 or g is taken

v\N1-0 su\©°
()@ o
n n
3. The parameters A, s, 3,0 are always constant.
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7.4 Additional Figures

Figure F-1
Unemployment-Vacancies Analysis

0.1

T T T T T T T T T
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wil 07-11

0.08L — —w207-11 {H
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vlin

0.01f =

0 | | | | | | | | |
0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14

u/in

u = official unemployment+marginally attached

Notes:

1. The figure pertains to the sub-periods 94-06; 07-11.

2. The solid line is the vacancy creation curve (equation 30) and the
dashed line the steady state flows curve (equation 31).
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u = official unemployment 4+ “want a job”

Notes:

1. The figure pertains to the sub-periods 94-06; 07-11.

2. The solid line is the vacancy creation curve (equation 30) and the
dashed line the steady state flows curve (equation 31).
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Notes: N
1. For each sub -period one of the variables %, ﬁ%, 1, g or p is taken

to be at its sub-sample average while the rest are taken to be at their
full sample average. This then is computed four times, each time picking
another variable.

2. For each of the above permutations, > and = are solved out of the
two equations:

v\N1-0 su\c
@) =
n n
The first equation is labeled uv1l and the second equation is labeled uv2.
3. The parameters A\, es, 3,0 are always constant.
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Figure F-2
Unemployment-Vacancies Analysis of the Pissarides (2000) Model
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u = official unemployment+marginally attached

Notes:

1. The figure pertains to the sub-periods 94-06; 07-11.

2. The solid line is the vacancy creation curve (equation 32) and the
dashed line the steady state flows curve (equation 31).
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Notes:

1. The figure pertains to the sub-periods 94-06; 07-11.

2. The solid line is the vacancy creation curve (equation 32) and the
dashed line the steady state flows curve (equation 31).
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Notes:
1. The figure shows the Piassarides (2000) model, with the vacancy cre-
ation curve (labeled uvl):

(o

Qi\fsearch = (1_7—t)ch—
t

Q = (=nau(2)

and the steady state flow equation:

n(2) TG =

This equation is labeled uv2.

2. It uses use average data values of 7,1, g for each period and o = 0.5.

3. The parameter p is first solved out from the second equation using
average values for =, each sub-period; then c is solved out the first equa-
tion using average values for 7, = each sub-period and QN from the current

estimates
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