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Motivation and Background

Motivation and Background

@ Investment and hiring are very volatile and move in cyclically
different ways.

How can this be explained?

This paper studies their joint behavior.

The model features costs of adjustment and the present
values of hiring and investment.
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Motivation and Background

@ A number of key macro contexts:
e Evidently important for studying business cycles.

@ Costs of adjustment — important for NK models; future real
marginal costs drive inflation in the NKPC.

@ Hiring costs — a crucial ingredient in search and matching
models; search costs for firms.

@ Investment costs — Tobin's Q approach, important for capital
investment and financial markets.
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Motivation and Background

Treatment in much of the literature has often focused on the
behavior of one and not both.

Or has posited costs pertaining to one but not the other.

Examples: search and matching models with no capital; Q
models with no labor.

Even business cycle models (CEE, JPE 2005; SW, AER 2007)
feature adj. costs of K only.

All too often empirical work has reported weak results.
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@ Hence focus here is on the joint behavior

@ Explicit modelling of the interaction of adjustment costs on K
and N
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Motivation and Background

@ Hence focus here is on the joint behavior

@ Explicit modelling of the interaction of adjustment costs on K
and N

@ In previous work (Merz and Yashiv, AER 2007) it was shown
useful for explaining asset (stock) prices
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Structure of the Presentation

The facts — what needs to be explained
The Model
Structural Estimation — firms’ F.O.C.

Characterizing The Joint Behavior of Hiring and
Investment
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Structure of the Presentation

Structure of the Presentation

@ The facts — what needs to be explained

@ The Model

@ Structural Estimation — firms’ F.O.C.

o Characterizing The Joint Behavior of Hiring and
Investment

@ Conclusions
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Preview of the Results

Preview of the Results

@ A key fact of the U.S. economy is that gross hiring and gross
investment rates are negatively correlated.

@ This has to do with the differential relations with the relevant
components of the present values driving these decisions.

@ The present value of investment is pro-cyclical while that of
hiring counter-cyclical.

@ Investment seems to be driven mostly by variables that serve
to discount future streams.

@ Hiring depends mostly on labor profitability.

@ Costs crucially depend on the interaction between the two
activities and are convex in their rates.
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@ Graphs with NBER recession dates
@ Second moments (logged, HP filtered)
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Business Cycle Facts
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Business Cycle Facts

@ Second moments
@ Logged, HP filtered

@ levels h, i and rates
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Business Cycle Facts

@ Second moments
@ Logged, HP filtered

@ levels h, i and rates

'k
@ three cyclical measures: GDP f, labor productivity % capital

hoi
n

productivity £
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Business Cycle Facts

a. Volatility and Relative Volatility

moment hy Z—i it l’(—ft
std 0.0238 0.0244 0.0526 0.0529

relative std to GDP f 1.18 1.21 2.61 2.63
relative std to 1.94 1.99 4.30 4.32
relative std to 1.08 1.11 2.40 2.41

ES ST
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Business Cycle Facts

b. Persistence

moment h:

AC1llag 0.06 0.14 090 0.90
AC2lags —0.05 0.01 0.74 0.74
AC 3 lags 0.04 0.06 052 051
AC 4 lags —0.07 —0.04 0.29 0.28
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Business Cycle Facts

c. Co-Movement

i he
p(ﬁ' n;_i)
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Business Cycle Facts

P(%YH')
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Business Cycle Facts

p (i ye-i)
-12 -8 -4 -1 0
f —040 —-0.23 046 083 0.80
£ 032 007 061 062 052
g —0.36 —0.10 058 0.84 0.76
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Business Cycle Facts

But note difference between hiring rates and other labor market
variables
a. Volatility and Relative Volatility — logged, HP-filtered

moment ng h¢ Z—i ut’jrfot
std 0.0126 0.0238 0.0244 0.0290

relative std to GDP f 0.62 1.18 1.21 1.44
relative std to £ 1.03 194 199  2.37

Eran Yashiv On The Joint Behavior of Hiring and Investment



Business Cycle Facts

b. Co-Movement (contemporaneous) — logged, HP filtered

h h
moment ng ht‘ ’77: UtTtOt

correlation with GDP f 0.82 0.12 —0.20 0.51
correlation with £ 0.32 0.13 —0.03 0.35
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Business Cycle Facts

@ Need to explain series which are:
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Business Cycle Facts

@ Need to explain series which are:

Q volatile
@ persistent (investment) and not persistent (hiring)
© have a negative correlation

@ one is pro-cyclical; the other counter- or a-cyclical
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]
ye = f(ze,ne, ke ), (1)
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The Model

The Model

@ PE model for both K and N

@ Agnostic approach w.r.t rest of the economy

°
yt = f(zt,ntr kt)r (]_)

°
kiv1 = (1—0¢)ke +1ip, 0<6; <1 (2)
ner1 = (L= )ne+h, 0<yp, <1 (3)
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The Model

Ty = [f(ztynt, kt) — 8 (itr kt, ht, nt)} — Wehg . (4)
cfy = (1_Tt)7Tt_(1_Xt_TtDt>E£ It (5)

Eran Yashiv On The Joint Behavior of Hiring and Investment



The Model

T = [f(ze,ne, ke) — & (i, ke, he, e )] — weny . (4)
cfs = (1—Te)mme — (1= x¢ — TeD) B} it (5)

1

14 reyj—1e4)

:Bt+j =
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T = [f(ze,ne, ke) — & (i, ke, he, e )] — weny . (4)
cfs = (1—Te)mme — (1= x¢ — TeD) B} it (5)

1

b= T
AR By PSR

max }Et {i (ILLBH,) Cft+j} (6)
j=0

{iesjihes) i=0
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The Model

T = [f(ze,ne, ke) — & (i, ke, he, e )] — weny . (4)
cfs = (1—Te)mme — (1= x¢ — TeD) B} it (5)

1

14 reyj—1e4)

) J
‘max E Z B | cfesj (6)
{iesjihesi} j=0 \i=0

@ The firm takes the variables w, p’,é, Y, and B as given.

:BH—j =
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The Model

e F.O.C.

ABI‘+1 (1 - TH-I)
(1—7e) <gif + Pi) = E fherr — Bken
+(1 = 0e+1)(&isr + Prat)
ﬁt+1 (1 - Tf+1)
(1 - Tt) g, = E: T — 8nepr — Wit } . (8)
+(1 - Ipt+1)ght+1
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The Model

Present values

Qf = E, Yito (H{::O 5r+1+/) (HJ/::O (1- 5t+1+'))
(1 — Tt+1+j) (fkt+1+j B gktﬂﬂ')

(9)
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The Model

Present values

Qf = E, { Yi%o (Hjl::o :Bt+1+i) (HJI:O (1- 5t+1+/)> } _
(1= Tes14)) (Feas; — kivsy)
(9)

QtN = E, { Zjio (H{:O 13t+1+i) (Hjl::o (1 - 1/7t+1+i)) } _
(1— Tt+1+j) (f”tvlvj = &neayj T Wt+1+j)
(10)
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Estimation

Estimation

f(Zt'nt, kt) = eztnt“ktl_“, 0<a<l. (1].)
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Estimation

Estimation

f(Zt'rlt, kt) = eztnt“ktl_a, 0 <wa<l. (11)

f(z¢, ne, k). (12)
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Estimation

Hiring costs include advertising, screening, and training.

In addition to the purchase costs, investment involves capital
installation costs, learning the use of new equipment, etc.

Adjusting labor or capital involves disruptions to production.

Potentially also the implementation of new organizational
structure within the firm and new production practices.

Eran Yashiv On The Joint Behavior of Hiring and Investment



Estimation

Properties of g function:

QO CRSini k hn
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Estimation

Properties of g function:
QO CRSini k hn

@ Generalized convex (171, 1,, 15 are estimated)

. . : 13
© Allows for interaction £ (’—f&)
N5 \ ke ne
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Estimation

Properties of g function:

QO CRSini k hn
@ Generalized convex (171, 1,, 15 are estimated)

. . ; 3
© Allows for interaction£ <,’(—fﬂ>
UK! t Nt

@ Special cases: Pissarides model ezhtn%

2
Tobin's Q models & & ft
2 & ke
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o Captures the idea that adjustment costs increase with the
extent of the factor adjustment relative to the size of the firm

@ A firm’'s size is measured by its physical capital stock, or its
level of employment.

e Drawing on Garibaldi and Moen (2008): suppose each worker
J makes a recruiting and training effort h;.

@ As this is a convex function it is optimal to spread out the

_h
efforts equally across workers so h; =

@ Formulating the costs as a function of these efforts and

putting them in terms of output per worker: ¢ (g) %
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Estimation

o Captures the idea that adjustment costs increase with the
extent of the factor adjustment relative to the size of the firm

@ A firm’'s size is measured by its physical capital stock, or its
level of employment.

e Drawing on Garibaldi and Moen (2008): suppose each worker
J makes a recruiting and training effort h;.

@ As this is a convex function it is optimal to spread out the

_h
efforts equally across workers so h; =

@ Formulating the costs as a function of these efforts and
putting them in terms of output per worker: ¢ (%) %

@ As n workers do it then the aggregate adjustment cost
function is ¢ (%) f.
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Estimation

@ The data are quarterly, pertain to the private sector of the
U.S. economy, and cover the period 1976-2007.
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Estimation

@ The data are quarterly, pertain to the private sector of the
U.S. economy, and cover the period 1976-2007.

@ They include f, k,n,i, h, B, w,o,1, p’, T

Eran Yashiv On The Joint Behavior of Hiring and Investment



Estimation

@ These data have the following features:

(i) They pertain to the U.S. private sector, thus not confounding
the analysis with government hiring and investment.

(ii) Both hiring h and investment i refer to gross flows.

Likewise, separation of workers 1 and depreciation for capital ¢ are
gross measures.

(iii) The estimating equations take into account taxes and rules
regarding depreciation.
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Estimation

@ These data have the following features:

(i) They pertain to the U.S. private sector, thus not confounding
the analysis with government hiring and investment.

(ii) Both hiring h and investment i refer to gross flows.

Likewise, separation of workers 1 and depreciation for capital ¢ are
gross measures.

(iii) The estimating equations take into account taxes and rules
regarding depreciation.

@ Points (ii) and (iii) require a substantial amount of
computation, which is explained in the data appendix.
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@ Empirical work:

ran Yashiv



Estimation

@ Empirical work:

@ estimate the two FOC

Eran Yashiv On The Joint Behavior of Hiring and Investment



Estimation

@ Empirical work:

@ estimate the two FOC

@ use the estimates to evaluate adjustment costs

Eran Yashiv On The Joint Behavior of Hiring and Investment



Estimation

@ Empirical work:

© estimate the two FOC
@ use the estimates to evaluate adjustment costs

© use the estimates to approximate p.v. relations and
decompose them
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Estimation

Empirical work:

estimate the two FOC
use the estimates to evaluate adjustment costs

use the estimates to approximate p.v. relations and
decompose them

derive the implications for the joint behavior of hiring and
investment, including cyclical behavior
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@ Key object is cost function g
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Estimation

@ Estimation issues:

@ Key object is cost function g
@ Degree of convexity (fixed or free powers)

@ Interaction between costs
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Estimation

@ Table 4, panel a, fixed powers, including standard
specifications

@ Table 4, panel b, free powers to be estimated
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Estimation

@ Table 4, panel a, fixed powers

@ Column 1 the preferred specification using 4 for 17,,3.5 for 77,
and 2 for 175
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@ Table 4, panel a, fixed powers

@ Column 1 the preferred specification using 4 for 1,,3.5 for 77,
and 2 for 175

@ This will be one benchmark case
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Table 4, panel a, fixed powers

Column 1 the preferred specification using 4 for 1,,3.5 for 77,
and 2 for 175

This will be one benchmark case

Columns 2-4 consider standard specifications

Column 2 takes the standard case of the investment literature,
only quadratic costs for adjusting capital
(&2 =e3=0;17, = 2);
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Columns 2-4 consider standard specifications

Column 2 takes the standard case of the investment literature,
only quadratic costs for adjusting capital

(€2 =e3=0;17; =2);
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literature — linear hiring costs (e; = e3 = 0;77, = 1);
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Estimation

Table 4, panel a, fixed powers

Column 1 the preferred specification using 4 for 1,,3.5 for 77,
and 2 for 175

This will be one benchmark case
Columns 2-4 consider standard specifications

Column 2 takes the standard case of the investment literature,
only quadratic costs for adjusting capital

(€2 =e3=0;17; =2);

Column 3 takes the standard case of the search and matching
literature — linear hiring costs (e; = e3 = 0;77, = 1);

Column 4 allows both types of costs but no interaction term
(7, =1, =263 =0).
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Estimation

@ There are problems with all the standard specifications.
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@ There are problems with all the standard specifications.

@ Column (2) yields costs that are twice as high as those
reported in column (1), for both total and marginal costs.
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@ There are problems with all the standard specifications.

@ Column (2) yields costs that are twice as high as those
reported in column (1), for both total and marginal costs.

@ The J-statistic test rejects the specification of column (3).
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Estimation

There are problems with all the standard specifications.

Column (2) yields costs that are twice as high as those
reported in column (1), for both total and marginal costs.

The J-statistic test rejects the specification of column (3).

Column (4) yields negative marginal investment costs.
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Estimation

@ Table 4, panel b, free powers (with or without restrictions).
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Estimation

@ Table 4, panel b, free powers (with or without restrictions).

@ Shows that the powers are estimated around 4 for 14, 3.5 for
1, and 2 for 775
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Estimation

@ Table 4, panel b, free powers (with or without restrictions).

@ Shows that the powers are estimated around 4 for 14, 3.5 for
1, and 2 for 75

@ The standard errors of these estimates are low.
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Estimation

@ Table 4, panel b, free powers (with or without restrictions).

@ Shows that the powers are estimated around 4 for 14, 3.5 for
1, and 2 for 75

@ The standard errors of these estimates are low.

@ When « is freely estimated — 0.68 with a low standard error.
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Estimation

@ The scale estimates — i.e. estimates of e, ey, e3 — usually have
high standard errors
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Estimation

@ The scale estimates — i.e. estimates of e, ey, e3 — usually have
high standard errors

@ Throughout the panel, p-values of the J-statistics are higher
than those of panel a.
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Estimation

@ The scale estimates — i.e. estimates of e, ey, e3 — usually have
high standard errors

@ Throughout the panel, p-values of the J-statistics are higher
than those of panel a.

@ The g function implied by the estimates is reasonable across
all specifications and satisfies convexity requirements.
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Estimation

The scale estimates — i.e. estimates of e, ey, e3 — usually have
high standard errors

Throughout the panel, p-values of the J-statistics are higher
than those of panel a.

The g function implied by the estimates is reasonable across
all specifications and satisfies convexity requirements.

In what follows, | use the no parameter restrictions case
(column 9) as the second benchmark specification.
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Implications of the estimates:

@ Value of adjustment costs

@ Present value decomposition
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The Joint Behavior of Hiring and Investment

Implications of the estimates:

@ Value of adjustment costs
@ Present value decomposition

© Co-movement analysis
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The Joint Behavior of Hiring and Investment

Implications of the estimates:

@ Value of adjustment costs
@ Present value decomposition
© Co-movement analysis

@ Business cycle analysis
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The Value of Adjustment Costs

@ Total costs as a fraction of GDP (i.e. £) are around 2% of
output
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@ For Gali and van Rens 2010 Vanishing Procylicality of Labor
Productivity
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@ For Gali and van Rens 2010 Vanishing Procylicality of Labor
Productivity
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@ For Gali and van Rens 2010 Vanishing Procylicality of Labor
Productivity
@ Good News

Table 4 Column 3

.040

.038
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o Bad news

Table 4 Column 9
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o Bad news

Table 4 Column 9

.048

.044+
.040
.036
.032+
.028+
.024+
.020
.016
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@ Marginal costs of hiring (i.e. gp) in terms of average output
per worker (£): 0.14 or 0.28
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The Joint Behavior of Hiring and Investment

e Marginal costs of hiring (i.e. gp) in terms of average output
per worker (£): 0.14 or 0.28

@ Equivalent to 2.8 to 5.5 weeks of wage payments
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The Value of AdJustment Costs

s of Investment and Hiring

The Joint Behavior of Hiring and Investment

e Marginal costs of hiring (i.e. gp) in terms of average output
per worker (£): 0.14 or 0.28

e Equivalent to 2.8 to 5.5 weeks of wage payments

@ In other words, firms pay on the margin the equivalent of
about 4 weeks of wages to hire the worker.
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@ There is little empirical evidence on the quantitative
importance of such adjustment costs.
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@ There is little empirical evidence on the quantitative
importance of such adjustment costs.

@ Mortensen and Nagypal (2006, page 30): less than 1 week of
wages
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@ There is little empirical evidence on the quantitative
importance of such adjustment costs.

@ Mortensen and Nagypal (2006, page 30): less than 1 week of
wages

@ The widely-cited Shimer (AER 2005) paper calibrates these
costs at 0.213, 3 weeks of wages
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The Joint Behavior of Hiring and Investment

@ There is little empirical evidence on the quantitative
importance of such adjustment costs.

@ Mortensen and Nagypal (2006, page 30): less than 1 week of
wages

@ The widely-cited Shimer (AER 2005) paper calibrates these
costs at 0.213, 3 weeks of wages

@ Hagedorn and Manovskii (AER 2008): 0.057 to 0.067 in
current terms or 1.1 to 1.3 weeks of wages.
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@ Thus the results of column (1) here are slightly higher (0.28
vs 0.21) than Shimer(AER 2005)
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The Joint Behavior of Hiring and Investment

@ Thus the results of column (1) here are slightly higher (0.28
vs 0.21) than Shimer(AER 2005)

@ The results of column (9) somewhat higher (0.14 vs 0.07)
than those suggested by Mortensen and Nagypal (2006) or
Hagedorn and Manovskii (AER 2008).
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@ The marginal costs of investment (i.e. g;j) in terms of average
output per unit of capital (£): 1.24 in (1) and 2.04 in (9)
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@ The marginal costs of investment (i.e. g;j) in terms of average
output per unit of capital ({) 1.24 in (1) and 2.04 in (9)
@ The most natural place to look for comparisons is the

Q-literature.
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The Joint Behavior of Hiring and Investment

@ The marginal costs of investment (i.e. g;j) in terms of average
output per unit of capital ({) 1.24 in (1) and 2.04 in (9)

@ The most natural place to look for comparisons is the
Q-literature.

@ The equation links the investment-to-capital ratio to a
measure of Tobin's Q.
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The Joint Behavior of Hiring and Investment

The marginal costs of investment (i.e. g;) in terms of average
output per unit of capital ({) 1.24 in (1) and 2.04 in (9)
The most natural place to look for comparisons is the
Q-literature.

The equation links the investment-to-capital ratio to a
measure of Tobin's Q.

These studies differ from each other and from the current
study on many dimensions: the data sample used, the
functional form assumed for marginal adjustment costs,
additional variables included in the cost function, treatment of
tax issues, and reduced form vs. structural estimation.
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Nine key studies:

e (i) High adjustment costs. Marginal costs range between 3 to
60 in terms of average output per unit of capital. The implied
total costs range between 15% to 100% of output.
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The Joint Behavior of Hiring and Investment

Nine key studies:

e (i) High adjustment costs. Marginal costs range between 3 to
60 in terms of average output per unit of capital. The implied
total costs range between 15% to 100% of output.

@ Summers 1981, Hayashi 1982
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@ (ii) Moderate adjustment costs. Marginal costs are around 1
in terms of average output per unit of capital. Total costs
range between 0.5% to 6% of output.
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e (ii) Moderate adjustment costs. Marginal costs are around 1
in terms of average output per unit of capital. Total costs
range between 0.5% to 6% of output.

@ Shapiro 1986, Gilchrist and Himmelberg 1995, 1998.
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@ (iii) Low adjustment costs. Marginal costs are 0.04 to 0.5 of
average output per unit of capital. Total costs range between
0.1% to 0.2% of output.

Eran Yashiv On The Joint Behavior of Hiring and Investment



The Value of Adjustment Costs
s of Investment and Hiring

The Joint Behavior of Hiring and Investment

e (iii) Low adjustment costs. Marginal costs are 0.04 to 0.5 of
average output per unit of capital. Total costs range between
0.1% to 0.2% of output.

@ Hubbard et al 1995, Barnett and Sakellaris 1999, Hall 2004,
Cooper and Haltiwanger 2006, Cooper, Haltiwanger and Willis
2010.
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@ (i) The specification that | run that is closest to the one used
in most studies of Table 5 is the one reported in column (2) of
Table 4a.
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@ (i) The specification that | run that is closest to the one used
in most studies of Table 5 is the one reported in column (2) of

Table 4a.
@ This is the specification positing a quadratic function and

ignoring labor.
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@ (i) The specification that | run that is closest to the one used
in most studies of Table 5 is the one reported in column (2) of
Table 4a.

@ This is the specification positing a quadratic function and
ignoring labor.

@ The implied total costs are 4.2% of output (as in studies of
the moderate adjustment costs set).
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The Joint Behavior of Hiring and Investment

@ (i) The specification that | run that is closest to the one used
in most studies of Table 5 is the one reported in column (2) of
Table 4a.

@ This is the specification positing a quadratic function and
ignoring labor.

@ The implied total costs are 4.2% of output (as in studies of
the moderate adjustment costs set).

@ The implied marginal costs are 3.36 of average output per
unit of capital (as in the high adjustment costs set).
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@ (ii) The GMM results of the full model cannot be directly
compared to the results of Table 5.
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@ (ii) The GMM results of the full model cannot be directly
compared to the results of Table 5.

@ Nevertheless, the findings of the benchmark run: total
adjustment costs (%) estimated at 2%; marginal costs (%)
estimated at a mean of 1.2 or 2
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@ (ii) The GMM results of the full model cannot be directly
compared to the results of Table 5.

@ Nevertheless, the findings of the benchmark run: total
adjustment costs (£), estimated at 2%; marginal costs (%)
estimated at a mean of 1.2 or 2

@ corresponds to the second set, i.e., moderate adjustment

costs.
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Decomposition of the Present Values of Investment and
Hiring

@ Asset pricing approach — Campbell, Shiller, Cochrane

Pe = Et(Rih[Des1+ Pera]) (13)
Py —1 (D41 Dig1 Prpa

— = E (R

D, ( 115, * D, Dy
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@ Log-linear approximation:

pt — dr = k+ E¢ (dev1 — de — g1 + p(pry1 — det1)) (14)

ran Yashiv



The Value o {justment Costs
Decomposition of the Present Values of Investment and Hiring

f Hiring and Ir

The Joint Behavior of Hiring and Investment

@ lterating forward:

[ee]

pe—de =) 0k Ee | )0 (derjr — degj — 1)
j=1 =1
(15)
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@ In variance terms (ex-post):
var(p; —d;) = cov | pr — d, Z.Oj*l (detjr1 — dryj)
j=1

[ee]
—cov | pr — dt, Ep’_lft+j
j=1
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@ Define the following:




The Value of Adjustment Costs
Decomposition of the Present Values of Investment and Hiring
C
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@ Define the following:

]
Pl (l—Tt)égit+P£):%K
ke ki
(1—7Tey1) 7(fk”ﬁkt‘l)
kt
D = A=om1)
Rt = B L

/f:kk ﬁ t+k (1 - 5t+k)
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The Joint Behavior of Hiring and Investment

N

P2 — (1 — Tf) Eh; — Xt
£t = fr - &
ne ne

Toyp1 —8np g —Wes1
(1__ Tt+1) Mg+l EMpqq — Wi

fry1
2 _ Mt+1
Dt+1 - 1— 4’ .
t+
frvk—1
(Rup)? = Bt =
o Brok (1= ¥ris)
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@ Approximation for investment relation and for hiring relation
separately
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@ Approximation for investment relation and for hiring relation
separately

@ Need to truncate sums at T
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@ Approximation for investment relation and for hiring relation
separately

@ Need to truncate sums at T

°
T .
var(pt - dt) = cov | pt — di, ZPFl (dt+j+1 - dt+j)
j=1

-
j—1
—cov Pt—dt,zp’ revj | + et
Jj=1
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The Joint Behavior of Hiring and Investment

@ Approximation for investment relation and for hiring relation
separately

@ Need to truncate sums at T

°
T .
var(pr —di) = cov | pr—d, Y 0/ (deyjr1 — dry)
j=1
T .
—cov | pr — dt, ij_lrl’-‘rj + e
j=1
@ p = 2, acts as a discount factor

1+5

Eran Yashiv On The Joint Behavior of Hiring and Investment



The Value of Adjustment Costs
Decomposition of the Present Values of Investment and Hiring
C i

f Hiri nd In\

The Joint Behavior of Hiring and Investment

@ Approximation for investment relation and for hiring relation
separately

@ Need to truncate sums at T

°
T .
var(pt — dt> = cov | pt — dt, Zp’il (dt+j+l - dt+j)
j=1
Lo
—cov | pr — dy, ZPJ_ revj | + et
j=1
I3 .
@ p = L5 acts as a discount factor

1+7
@ ¢; due to approximation and truncation
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T 20 30 40 50
n 105 95 85 75

investment
o’ 056 041 031 0.23

—=< - 1067 050 0.12 -0.04
var(p:—d;)
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T 20 30 40 50
T
cov {Pt—der-_ 0 (desje1—de))

0.19 0.23 0.20 0.19

varpt—df)

cov{pt df'z p’
- ~014 —027 -068 —085

var(ps—d;)
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hiring
T 20 30 40 50
pT 0.03 0.005 0.0008 0.0001
m 0.25 0.42 0.36 0.38

T i
cov |:pt_dtvzj:1 0 (degja1—deq)

— 0.64 0.59 0.69 0.65
var(pt Tdt)

2 j—1
cov | pt—dt, J.ZIP/ retj

—0.11 0.01 0.05 0.04

var(ps—d;)
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@ (i) The relative error variance decreases monotonically with T
for the investment equation (from around 0.65 to around 0)
but changes non-monotonically for the hiring equation.
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@ (i) The relative error variance decreases monotonically with T
for the investment equation (from around 0.65 to around 0)
but changes non-monotonically for the hiring equation.

@ As T changes the sample size changes and so does the
variance of the error and of the log price-dividend ratio.
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@ (ii) The co-variation of the “price-dividend" ratio in both
equations with the growth rate of “dividends” is positive and
with the relevant discount rate is negative (or close to zero),
as should be expected.
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@ (iii) In the investment case, the big component of the variance
decomposition is the negative co-variation of the
“price-dividend” ratio with the discount rate.
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@ (iii) In the investment case, the big component of the variance
decomposition is the negative co-variation of the
“price-dividend” ratio with the discount rate.

@ This comes mostly from the negative co-variation with the
interest rate and with the depreciation rate.
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(iv) In the hiring case, the big component of the variance
decomposition is the positive co-variation of the
“price-dividend” ratio with the growth rate of “dividends,”
which are essentially the profits of the firm from the
job-worker match.
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Standard Deviations of Present Value Components

’ truncation ‘ T ‘ 20 50
T
) = (dpyjr1—derj
investment | std :l‘ﬂupffzr 21 1 0.002 0002
T pjfl )
std ‘f‘jfdu*’ 0.004 0.004
Y T o (degia—desy)
hiring | std | == | | 0,018 0.012
T
'—1rt .
std E;wd*’ 0.005 0.005
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@ In the case of investment, the volatility of the discounted sum
of dividend growth is about half of that of the discounted sum
of discount rates.
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@ In the case of investment, the volatility of the discounted sum
of dividend growth is about half of that of the discounted sum
of discount rates.

@ Hence it is not surprising that the price-dividend ratio varies
more with the latter.
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@ In the case of investment, the volatility of the discounted sum
of dividend growth is about half of that of the discounted sum
of discount rates.

@ Hence it is not surprising that the price-dividend ratio varies
more with the latter.

@ In the case of hiring, the volatility of the discounted sum of
dividend growth is about 2.5 to 5 times bigger than that of
the discounted sum of discount rates.
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@ In the case of investment, the volatility of the discounted sum
of dividend growth is about half of that of the discounted sum
of discount rates.

@ Hence it is not surprising that the price-dividend ratio varies
more with the latter.

@ In the case of hiring, the volatility of the discounted sum of
dividend growth is about 2.5 to 5 times bigger than that of
the discounted sum of discount rates.

@ Hence it is not surprising that price-dividend ratio varies more
with the former.
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Co-Movement of Hiring and Investment

@ Across all specifications of Table 4 , the estimate of the
coefficient of the interaction term, e3, is negative.
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Co-Movement of Hiring and Investment

@ Across all specifications of Table 4 , the estimate of the
coefficient of the interaction term, es, is negative.

@ This negative point estimate implies a negative value for gy,
and, therefore, a positive sign for dh;/9Q¥ and for 9i;/9Q"
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Co-Movement of Hiring and Investment

@ Across all specifications of Table 4 , the estimate of the
coefficient of the interaction term, es, is negative.

@ This negative point estimate implies a negative value for gy,
and, therefore, a positive sign for oh;/9Q¥ and for 9i;/9Q"

@ Note that 9i;/9Q* and 9h;/9Q" are positive due to
convexity.
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The Joint Behavior of Hiring and Investment

Co-Movement of Hiring and Investment

@ Across all specifications of Table 4 , the estimate of the
coefficient of the interaction term, es, is negative.

@ This negative point estimate implies a negative value for gy,
and, therefore, a positive sign for oh;/9Q¥ and for 9i;/9Q"

o Note that 9i;/9Q* and 9h;/9Q" are positive due to
convexity.

@ Hence, when the marginal value of investment Q¥ rises, both
investment and hiring rise.
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Co-Movement of Hiring and Investment

@ Across all specifications of Table 4 , the estimate of the
coefficient of the interaction term, es, is negative.

@ This negative point estimate implies a negative value for gy,
and, therefore, a positive sign for oh;/9Q¥ and for 9i;/9Q"

o Note that 9i;/9Q* and 9h;/9Q" are positive due to
convexity.

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

@ A similar argument shows that they both rise when the
marginal value of hiring Q" rises.
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@ The signs of these elasticities and derivatives imply that for
given levels of investment, total and marginal costs of
investment decline as hiring increases.
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@ 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 is to be expected as it implies simultaneous hiring
and investment.
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@ 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 is to be expected as it implies simultaneous hiring
and investment.

@ One interpretation of this result is that simultaneous hiring
and investment is less costly than sequential hiring and
investment of the same magnitude.
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@ 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 is to be expected as it implies simultaneous hiring
and investment.

@ 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.
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@ This feature is quantified by the following ‘scope’ statistic
°

g(0.3) +&(;

@ The statistic measures how much — in percentage terms — is

simultaneous investment and hiring cheaper than
non-simultaneous action
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Table 4 column 1 9

scope 0.09 0.39
(0.01) (0.06)
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Elasticities

Table 4 column 1 9

dit QK

e & 3.96 259
(2.03) (1.28)

2ir QN

2l 0.04  0.08
(0.02) (0.05)

oh: QK

e 025  1.07
(0.04) (0.10)

oh, QN

BQN% 038  0.30

(0.01)  (0.09)
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@ Investment is highly elastic (an elasticity of almost 3 or 4
according to the specification) with respect to the present
value of investing QX
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according to the specification) with respect to the present

value of investing QX
@ Hiring is relatively inelastic with respect to its present value
Q" (an elasticity of about 0.3 to 0.4).
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The Joint Behavior of Hiring and Investment

@ Investment is highly elastic (an elasticity of almost 3 or 4
according to the specification) with respect to the present
value of investing QX

@ Hiring is relatively inelastic with respect to its present value
QN (an elasticity of about 0.3 to 0.4).

@ The cross elasticities are very low for investment w.r.t QV (an
elasticity of around 0.04-0.08) and moderate for hiring w.r.t
QX (0.25 to around unitary elasticity).

Eran Yashiv On The Joint Behavior of Hiring and Investment



nt Values of |

Co-Movement of Hiring and Investment
Hiring and Inv ent Over the Busi

The Joint Behavior of Hiring and Investment

@ The following distinction is important.

Eran Yashiv



of ment and Hiring

Co-Movement of Hiring and Investment
Hiring and Investment Over the Business Cycle

The Joint Behavior of Hiring and Investment

@ The following distinction is important.

@ The afore-going argument favors simultaneous hiring and
investment, i.e., positive levels of both (£, 2 > 0).
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@ The afore-going argument favors simultaneous hiring and
investment, i.e., positive levels of both (£, 2 > 0).

@ Thus the representative firm is hiring and investing at the
same time.
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@ The following distinction is important.

@ The afore-going argument favors simultaneous hiring and
investment, i.e., positive levels of both (£, 2 > 0).

@ 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 investment.
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The following distinction is important.

@ The afore-going argument favors simultaneous hiring and
investment, i.e., positive levels of both (£, 2 > 0).

@ 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 investment.

@ 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.
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@ Suppose QX rises and QN declines at the same time.
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@ Suppose QX rises and QV declines at the same time.

@ The rise in QX will lead to higher investment and higher
hiring, while the fall in QN will lead to lower investment and
lower hiring
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A 1 std deviation rise in QX and fall in QV

Table 4 column 1 9
QK 1std 0.08 0.12
QN 1 std 0.0002 0.0004

percentage changein i  0.26 0.21
percentage change in h 0.021  0.020

Investment rises by 21% to 26% while hiring rises by only 2%.
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@ The figure shows that QX generally went up for most of the
sample while QN declined for the most part.
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@ The figure shows that QK generally went up for most of the
sample while Q" declined for the most part.

@ The investment rate usually tracks the changes in QX and the
hiring rate usually tracks the changes in Q"; for both pairs
the correlation is 0.74.
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The Joint Behavior of Hiring and Investment

@ The figure shows that QK generally went up for most of the
sample while Q" declined for the most part.

@ The investment rate usually tracks the changes in QX and the
hiring rate usually tracks the changes in Q"; for both pairs
the correlation is 0.74.

@ Hence the negative co-movement of QX and Q" (correlation
of —0.81) resulted in a negative co-movement of the
investment and hiring rates (correlation of —0.60).
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@ It should be noted that Q" estimated using either linear
hiring costs with no capital or using quadratic investment and
hiring costs but no interaction between them are negatively
correlated with the series reported here.
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o It should be noted that QV estimated using either linear
hiring costs with no capital or using quadratic investment and
hiring costs but no interaction between them are negatively
correlated with the series reported here.

@ Indeed, in the sample period these estimated Q" go up for
the most part, in a way which is inconsistent with the
behavior of the hiring rate.
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o It should be noted that QV estimated using either linear
hiring costs with no capital or using quadratic investment and
hiring costs but no interaction between them are negatively
correlated with the series reported here.

@ Indeed, in the sample period these estimated Q" go up for
the most part, in a way which is inconsistent with the
behavior of the hiring rate.

@ Hence prevalent specifications — linear hiring costs or no
interaction between hiring and investment costs — yield poor
results.
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@ Investment rates are pro-cyclical, contemporaneously and
within 4 quarters lags and leads.
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o Likewise are marginal costs of investment and QK.

@ Hiring rates are counter-cyclical, contemporaneously and in
leads and within 4 quarters in lags.
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within 4 quarters lags and leads.

Likewise are marginal costs of investment and Q.
Hiring rates are counter-cyclical, contemporaneously and in
leads and within 4 quarters in lags.

Likewise are marginal costs of hiring and Q", except for the
long leads where there is a small difference.
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within 4 quarters lags and leads.

Likewise are marginal costs of investment and Q.

Hiring rates are counter-cyclical, contemporaneously and in
leads and within 4 quarters in lags.

Likewise are marginal costs of hiring and Q", except for the
long leads where there is a small difference.

Investment and hiring rates follow the same pattern of cross
correlations as do the marginal costs on that activity and its
marginal Q.
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@ Investment rates are pro-cyclical, contemporaneously and
within 4 quarters lags and leads.

o Likewise are marginal costs of investment and Q.

@ Hiring rates are counter-cyclical, contemporaneously and in
leads and within 4 quarters in lags.

o Likewise are marginal costs of hiring and Q", except for the
long leads where there is a small difference.

@ Investment and hiring rates follow the same pattern of cross
correlations as do the marginal costs on that activity and its
marginal Q.

@ Hence the model shows that the costs and benefits of

investment and hiring — equal at the margin — behave
cyclically in the way investment and hiring themselves.
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Conclusions

Conclusions

@ While hiring and investment decisions have a similar structure,
the actual series behave differently.

@ This has to do with the differential relations with the relevant
components of the present values driving these decisions.

@ The present value of investment is pro-cyclical while that of
hiring counter-cyclical.

@ Investment seems to be driven mostly by variables that serve
to discount future streams while hiring depends mostly on
labor profitability.

@ Costs crucially depend on the interaction between the two
activities and are convex in their rates.
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@ Work in Progress:

@ Variations on estimation (e.g., alternative 8 values).

@ Attempt to understand the differential evolution of present
values in terms of shocks.

© Determination of the specific role of each component in the
present value relation.
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@ Work in Progress:
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Q

Variations on estimation (e.g., alternative 8 values).
Attempt to understand the differential evolution of present
values in terms of shocks.

Determination of the specific role of each component in the
present value relation.

Return regressions.
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