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Abstract

We propose a theory of low-frequency movements in unemployment based on downward
real wage rigidities. The theory generates two main predictions: long-run unemployment
increases with (i) a fall in long-run productivity growth and (ii) a rise in the variance of
productivity growth. Evidence based on U.S. time series and on an international panel strongly
supports these predictions. The empirical speciycat.i
growth can account for two U.S. episodes which a linear model based only on long-run
productivity growth cannot fully explain. These are the decline in long-run unemployment over
the 1980s and its rise during the late 2000s.
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1 INTRODUCTION

This paper proposes a theory in which the low-frequency movements in unemployment are
explained by the low-frequency movements and the volatility of productivity growthz. On the one
hand, an increase in long-run productivity growth lowers long-run unemployment. On the other
hand, a fall in the variance of productivity growth leads to a fall in long-run unemployment even
when long-run productivity growth remains flat. The key mechanism that explains these
relationships rests on the assumption that real wages, or more broadly real marginal costs,
adjust more easily upward than downward.

A recent literature has highlighted the importance of real wage rigidities to explain labor-
market dynamics at business cycle frequencies. Shimer (2005), Hall (2005), Gertler and Trigari
(2009) and Blanchard and Gali (2010) show that real wage rigidities are important to account for
a number of stylized facts including the high volatility of employment and vacancies as well as
the low volatility of real wages.3 This paper complements these studies by showing that real
rigidities can also account for unemployment dynamics at low frequencies and therefore it offers
a rationale for the empirical relationship between long-run unemployment, long-run productivity
growth and its variance.

Our analysis is motivated by a number of empirical papers, including Bruno and Sachs
(1985), Phelps (1994), Blanchard et al. (1995), Blanchard and Wolfers (2000), Staiger, Stock,
and Watson (2001) and Pissarides and Vallanti (2007), which show time-series and cross-
country evidence in favor of a negative relationship between unemployment and productivity

growth at l ow frequencies. This I|literature
unemployment, the trend in productivity growth and the variance of productivity growth for a
postwar sample of U.S. data. The time seriesplott ed i n t he charts on

computing aver ages a ryéar rollmg wirdlows. éflse cliartseon they second
row display similar objects obtained using the time-varying Vector AutoRegressive (VAR) model
described in Section 3.

Two main features are evident. First, irrespective of the strategy used to look at the data

overthelong-r un, the charts on the yrst column of

between long-run unemployment and long-run productivity growth documented in earlier
contributions.* Second, a probably less known, yet very interesting, feature of the data is the
strong positive association between long-run unemployment and the variance of productivity
growth, which is uncovered in the charts on the second column. The Great Moderation in the
variance of productivity growth, for instance, coincides with a sharp fall in the unemployment
trend.

The contribution of this paper is twofold. On the theoretical side, we develop a simple model

2 The terms long-run, trend, mean and low-frequency are used interchangeably throughout the paper.

3 Pissarides (2009) o0& ers a critical appraisal of wage stickiness as a driver of the cyclical volatility of unemployment in
search models.

4 Results similar to Figure 1 are obtained using ten-year rolling windows, the Hodrick-Prescott and
Christiano-Fi t zgeral d ylters.
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of the labor market based on the assumption of asymmetric real wage rigidities that can account
for t he yn d5i0'nghsa enspuicalnside, ive evaluaté n
formally the predictions of the model by exploiting low-frequency movements in unemployment
and productivity growth either over time or across countries.

two empirical Figure

Figurel Long-run unemployment, long-run productivity growth and variance of productivity growth
for the U.S., computed using ve-year rolling windows for the charts on the first row and
the time-varying VAR of section 3 for the charts on the second row

5 year roling window s

5 year rolling window s

T T T T T T T T T 4 T T T T T T T T T .X10
. Unermployment Trend 16
al Y J| 9 “,‘ * =+ =« Prodictivity Gronth Variance |
v R
- : R * I o)
g - % 3 s = 14 8
T Yo 3 s B = =
3 HoELE : v = o 2
= oA q : 3 F £
56t 9 5 i 128 5 -
£ \ s ‘-'. 3 o E o
_6: 3 [ o o 2 ) z
o . ) 5 a 12 5
15 wa  f &a T g
c . * - { el b=
=) R B 5 <
5 ik i
3t i 1 3t 10
u Unemplayment Trend
¥ eessees Productivity Growth Trend
1 L 1 1 L 1 L L L 0 L ! | | Il 1 ! L 1 |
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010
VAR estimates VAR estimates 2o
T T T T T T T T T 26 T T T T T T T T T
71 Unemployment Trend | 7L Unerrployment Trend |
W memeess Productivity Growth Trend | "[  cmmem= Productivity Growth Variance

Unemployment Trend {%)

Productivity Growth Trend (%)

1 1 1 1 1 1 1 1 1 16
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

5
The

signiycance of

Unemployment Trend {%)

downwar d

Productivity Growth Variance

1965 1970 1975 1980 1985 1980 1995 2000 2005 20

real wage rigidity has

2
10

been

micro-data, which are difficult to summarize in a few lines. Prominent examples include Dickens et al. (2008), Du Caju et
al. (2009), Fagan and Messina (2009), Holden and Wulfsberg (2009) for the industrialized world and Calvo et al. (2006)
for emerging markets.

4

document e



In our model, wage setters face convex costs for adjusting real wages which can be either
symmetric or asymmetric up to a limiting point that nests complete downward i nyexi bi |l i ty.
Asymmetric real-wage rigidities have two key implications. First, for a given volatility of
productivity growth, a slowdown inlong-r un producti vity growth generates
long-run unemployment. This is the case because too high real wages make it more likely that
real revenues wil|l fall relative to costs, thereby f
protect proyts. Wi t h s y-offriseneaker.cSecond, dor a given leng-run t hi s tr ad
productivity growth, a higher volatility raises the probability of an adverse shock and then leads
to higher long-run unemployment. Conversely, even when the trend in productivity growth is
low, a decline in its volatility reduces these risks and causes the unemployment trend to fall.

We present evidence consistent with the predictions of the theoretical model. Time series
for the long-run mean and the variance of U.S. unemployment and productivity growth are
obtained using an estimated VAR with drifting coefficients and stochastic volatility a la Cogley
and Sargent (2005), and Primiceri (2005). Panel regressions are obtained using averages and
variances over ten-year windows within a dataset of industrialized and emerging economies.

Our main results can be summarized as follows. First, the long-run mean and the variance
of productivity growth ar e sringnednpfdé&nunemgleyinent mi nant s o f
This is true even when we control for changes in the demographic composition of the labor

force. Second, the empirical speciycations t hat include a measure
volatility (either linearly or non-l i near | y) are associated with a signi.
goodness of yt relative to a linear speciycation in
exempl iyed by two episodes that cannot be fully expl ai

at low frequencies: the fall in long-run unemployment over the 1980s and its rise during the late
2000s. Third, the panel regressions reveal that variation over time is more important than
variation across countries for the mean and variance of productivity growth to account for
yuctuations in the mean of unemployment.
Few theoretical papers have studied the implications for the long-run relationship between
unemployment and productivity growth but, to the best of our knowledge, none has emphasized
the importance of time variation in macroeconomic volatility for the unemployment trend. In
traditional labor search models, the relationship between productivity and unemployment is
generally uncertain, as it depends mostly on the extent to which jobs can be upgraded or need
to be eliminated when new technology arises (Mortensen and Pissarides, 1998). If firms cannot
embody the new technology into existing jobs, higher productivity would lead to job destruction
and higher unemployment (Aghion and Howitt, 1994). If productivity increases for all existing
jobs, demand for labor would increase and unemployment would decline (Pissarides, 2000,
Pissarides and Vallanti, 2007). In line with our assumption of real wage rigidities, Ball and
Mankiw (2002) suggest a possible rationale for a negative relationship between unemployment
and productivity r esting on the idea that wage aspirationso6ad]j
growtho as fivorkers come to view the rate of real wage increase that they receive as normal
and fair and to expect it to continuea
Our work complements an important literature which has built the case for demographic
changes in labor force participation to explain low-frequency movements in unemployment (see
Shi mer , 1998, and Francis and Ramey, 2009, among ot
signiycant role for the trend and the variance of pr



unemployment is robust to controlling for movements in the share of young workers in the labor
force as well as to using the measure of figenuineodo ul
beunaffect ed by demographics inyuences.
The paper is organized as follows. Section 2 presents the model and shows the mechanism
through which asymmetric real wage rigidity generates a long-run relationship between
unemployment, productivity growth, and its volatility. Section 3 confronts the predictions of the
model to the time series properties of U.S. data while Section 4 provides evidence for an
international panel of developed and developing economies. Section 5 concludes. The
appendices provide details of the theoretical and empirical models.
The appendices provide details of the theoretical and empirical models.

2 THE MODEL

We describe a closed-e conomy model in which there is a conti
househol ds and yr ms (both i n a [ 0, 1] interval). E a
consumption of a continuum of goods aggregated using a Dixit-Stiglitz consumption index, and
disutility from supplying one of the varieties of I
mar ket . Each yrm hires all varieties of | abor to pro

goods and operates in a monopolistic-competitive market. The economy is subject to an
aggregate productivity shock. This is denoted by A, whose logarithmic at is distributed as a

Brownian motion with drift g and variance 0°
da; = gdt + odB; 1)

where B; denotes a standard Brownian motion with zero drift and unit variance.
Household j has preferences over time given by

[e7s} . 1+n/ .
E,, { f g PlEt) (111 of — M) dt} 2
o 1 + ?7

where the expectation operator Eto(') is deyned by the shock processes (1) and } > Qs the

rate of time preference. Current utility depends on the Dixit-Stiglitz consumption aggregate of
the continuum of goods produced by the yrms operating in the economy

6p—1
% 1 . fp 6p
Cf = cl(i)®'di
0

where dp > Qs the elasticity of substitution among consumption goods and C;(i) is household
jSiconsumption of the v alrAneppyoprise comsumpteonbased pricg r m
index is deyt



where px(i) is the price of the single good i.
The wutility yow 1is |l ogari thmic in the consumptior
assumed to be isoelastic with respect to the labor supplied l(j), with d O rBeasuring the

inverse of the Frisch elasticity of labor supply.6 Household j6 mtertemporal budget constraint is

given by
E., {/ prt('g'df} < E,, {/ Q: [We(5)le(5) + ] (Zt} 3)
fu . tU

where Q; is the stochastic nominal discount factor in capital markets where claims to monetary

units are traded; Wi(j) is the nominal wage for labor of variety j,andt¢{i s t he pr oyt i ncome
household j.
Starting with the consumption decisions, household | chooses goods demand,{C;(i)}, to

maximize (2) under the intertemporal budget constraint (3), taking pricesas gi ven. -The yr st
order conditions for consumption choices imply

e—p(t—to)cft—l - &-Qtpt (4)
() _ (pi)\ 7"
G\ P ©)

where the multiplier 3-does not vary over time. Theindex ji s omi tted from the consu

y r -erdler conditions, because we are assuming perfect consumption risk-sharing through a set
of state-contingent claims to monetary units.
Before we turn to the | abor supply decision, we ans

the labor used to produce each good i is a CES aggregate, L(i), of the continuum of individual

typesoflaborjdeyned by

8

1 Gt S
Bii= { [ e dj}
0

with an elasticity of substitution dfy > 1 Here li¢(j)i s t he d e mhafordaboodf type . m
Given that each differentiated type of labor is supplied in a monopolistic-competitive market, the

demand for labor of type j on the part of awage-t a ki ng vy iimgiverfbyt yp e

1) = (Y™ g, ®

where W is the Dixit-Stiglitz aggregate wage index

1 S
W, = { f Wt(j)l‘gwde ; ™
0

6 . . o
These preferences are consistent with a balanced-growth path as we assume a drift in technology.



whereas the aggregate demand of labor of type | is given by

L) = (W;g)) L (®)

and the aggregate labor L; isdefinedas
L
L= f Bl
0

We assume a common linear technology for the production of all goods
’yt(?;) = AtLt(i)a 9)

foraparameterUWithO<U<1measuring decreasing return to scale.
y r mb(i), are given by

IT(2) = ps(3)ye(2) — WiLe(3).

In a monopolistic-cc o mpeti ti ve market, given (5), each yrm fac

where total output is equal in equilibrium to aggregate consumption (Y; = Cy). We assume that

yr ms can freely adj ust their prices. Standard opt
competition imply that all yrms set the same price gi
: Wil (3) Wil
) = Hy= = 10
Pt() t = My Y, Mpyt (10)

where W [ pff(d, - 1) 1U> 1 denotes the mark-up of prices over marginal costs.” An
implication of (10) is that labor income is a constant fraction of total income

PY; = HthLt- (11)

Using the production function (9) into (11), aggregate demand of labor

1
Wy 1\
= ('“pm)

depends negatively on the real wage and positively on productivity. Demand of labor is critical

to understand the main intuition behind our results. When productivity falls and real wage

remains too high, yrms have to cut on | abor to protec
I'n what f ol |l ow( = Wj¢/P; dasetlienreal wage for worker of type | and

W = W,/P; as the aggregate real Wage.8 The choice of real wages is modelled in a similar way

7
See the Appendix for the derivation of equation (10).

8
Notice that equation (11) holds because of the assumption of yexi
tractability.



to the monopoly-uni on model of Dunlop (1944). Giver yrmsodema
(or a union) chooses real wages in a monopolistic-competitive market to maximize (2) under the

intertemporal budget constraint (3) taking as given prices {Q¢} and the other relevant aggregate

variables. An equivalent formulation of this problem is the maximization of the following

objective

E,, {foo e“’(tto)ﬂ(wt(j),wt,At)dt} (13)
to
by choosing {Wi(j)}®, where
AN 10w i o 1w
), ) = ’uip (wij))l f ) ﬁ (Mip) s (wif)> (1+m)8 (%) 1_2'
Households would then supply as much | abor as dema

real wages. In deriving ~ {) we have used (4), (8) and (11).

2.1 Flexible wages

We yrst analyze the case in which wthegyeambear e set wi
moved freely. With yexible wages, -pmrobkmaximizatohi on of ( 13
and implies the following optimality condition

7ij (wt (j) , Wy, At) =1# (14)

where ~ \{-) is the derivative of "(*)wi t h respect to the yrst argument.

. . f f
holds for each |, there is a unique equilibrium where W(j) = Wy = W; and in which W; denotes
the equilibrium | evel of real wages under yexible wa
|l evel of |l abor under yexible wages, which is a const a

L = (ypt,) "7,

where the wage mark-u p i s d ey e glfdp-yl). Real wages are proportional to the
aggregate productivity shock

wf — L(Lf)a_lAt. (15)
Hp

22 Deynition of unemployment rate

Foll owing Gal?3 (2010), we deyne the unempl oyment r
finot i amowunt af labor that workers would be willing to supply in a competitive and
frictionless market at the current real wage and the amount of labor currently employed. Given

S
our preference speciycatlionss flegnicdn aflsadottheeb @amosimp p |
equates the marginal rate of substitution between labor and (current) consumption to the current
real wage
Wy

i



S
Accordingly, the unemployment rate v, is given by U = In L - In L. Combining (16) with
(11) and using Y; = C; we can write

L~
u = — T (17)
n
whereUdenotes the unempl oy meagetmodelagiven byiup=In @ w /ajde x i bl e
where the employmentgap X%, equal to the output ffgranpebetwveen deyned as
actual |l abor -wagedevet he yexi bl e
2y =InL —InLJ. (18)

With yexi bl e waglkbighreal wagesandstthese teal vages workers would
be willing to supply more | abor than currently demanc
and indeed captures the unionsémonopoly power. Wi t h
depends also on the output gap and can vary over time inversely proportional to the variation of
the output gap. This second component will be the most relevant in our model to explain the
dynamics of unemployment at low frequencies.

2.3  Sticky real wages

In this section, we investigate a general model in which real wages are allowed to adjust
either upward or downward but with some cost. In particular, we allow for both symmetric and
asymmetric adjustment costs through a linex function of the form

ex/\’n'R,t(j) — XATFR,t(j) ~ 1

h(’!TR,t(j)) = 32

for some parameters G, o where we have deyned the rate of re
“rAj)d t [:())al(jyv In particular G is a measure of the costs of adjustment, while &
measures the asymmetries in the cost function.® When & Y ,Owe retrieve the standard
symmetric quadratic cost function
2 (mra(4))°

h(rre(j)) = X 5

while when &< O it is more costly to adjust real wages downward than upward and viceversa

fore« 0> When & goes to minus inynity, we nest the cas:¢
downward and ful |l y eyextseéctioh, eve dispussahisccase rhone extemsively
as it allows us to derive a closed form solution for the long-run mean of unemployment.

9
Varian (1974) has yrst i ntr oduc2609)havérecentlysuped ittdo mode dsymoatric Ki m and Mur c
nominal wage rigidities.

10



In this setting, we assume that wage setters maximize (13) taking into account the present

discounted value of the costs of changing real wages10

Viwe(7), wy, Ay) = max Fy, {/00 e_"(t_to)[ﬁ(wt(j),wt,At) — h{mgre(7))]dt] . (19)

T, (7) to

The value function associated with the objective function (19) can be written as

det = Faé)[ﬂ(wt(j),wt,flt) — h(’]TR,t(j))]dt =+ Etd% (20)
where 1
BydVy = Viwi(§)mpe(7)dt + V, Bdw, + Vi g dt + 5%6020315, (21)

and in which we have used the results that (dw(j))? = (dw)? = dwi(j)dA = dwdA = 0 and
2 11

deyng dgh (1/2).

Using the expression for the value function given by (20) and (21), we obtain the optimal

valueof ‘'rfj)as i mplicitly deyned by the following conditio
h’ﬂ'(ﬂ-R,t(j)) = ijwt(j)7 (22)
where
. XA TR (7)) _
he(mrs)) = x5 @

In the symmetric case, i.e. when & Y, theQrate of real wage changes is proportional to its

marginal cost 1

Trt(d) = Fhw(ﬁR,t(j))-

Using (20), (21) and (22), we show, in Appendix D, that the marginal costs of changing real
wages follow a stochastic differential equations of the form

Lt 1+n

(Lf> o
147

(%) _1] ds. (25)

Under a quadratic cost function, we can simplify equation (24) to

7\
PRgsdt =k [(J) —1

10
With similar tools, Abel and Eberly (1994) have analyzed costly investment decisions.

By — 1

dt + Eydh, (T ry) (24)
Fop

ph (T )dt =

and therefore

0,1 . [
hﬁ(ﬂ'R,t) = Et/(i_p(s_t)
t

i

dt + Etd’fTR,t

11 . . I
The fact that dw; has the same properties of dwW(j) follows from the symmetry of the equilibrium.

11



which is the continuos-time non-l i near version of the Rotembergbs (19
model where the stickiness is applied to real wages rather than to nominal wages and where we
have df reg-dl)/(u,e).

Using the deyni t intgap (18) equatioe (12 imjpliésahgtme

1
2 = —InLf + ——(a — lnw, — Inp,), (26)
and therefore a diffusion process for xt of the form
1
dyy = —— (g —mrlx:)) dt odBy, 27
o= 1—— (9~ ma(@))dt + ——odB, @)

which can be used to derive the long-run distribution and in particular the long-run mean of the
employment gap, X. To this end, we need to solve for the unknown functional "gr(X). By deyni ng
p(x) [ - (ir(X))/ %sthe optimality condition (23) implies

Inf1 + Axp(z)]

= ) 28
Tr(Le) ) (28)
I n particular, using | tods flsiempmaessi(2V), wephtant i on ( 24)
that the functional p(X)s at i sy es t hfferentiabdquatowi ng d i
1 1
= [ [elHme - - DY A o
,Op(.’l?t) [6 ] "t T = Qp (mt) (Q' TFR(wt)) ik 9 (1 — a)gp ( t) (29)

Notice again that with quadratic adjustment costs ~r(X) = pP(X;). We use (28) and (29) to

solve for the functional ~r(X;) and pP(X;) and then (27) to solve for the long-run distribution of X;,
if it exists.

2.3.1  The productivity growth-unemployment trade-off

The differential equation (29) is solvable using approximation methods. In particular, an
educated guess would be to approximate the solution p(%) wi t h  aorder poilymomrlial.12 An
interesting case, which <can be |Iyedorflel pdlynommiad di scuss
Consider the symmetric quadratic adjustment cost model, with &Y  ,Gand ( 1 4 @ohsider
small deviations of X; from zero. In particular, approximate the term el 1 x4y (29) as el 1 x4y
1+ (1+d)x:. In this case, the solution for p(X;), which is equal to " r(X;), is linear and of the form

p(X) =" r(X%) = @ + a1X where a; is the positive root of the following quadratic equation

2
a

l -«

+par — k(1 +n) =0

and
451

g — ——/——————4.
STl o)t

12 _ . .. .
This is an educated guess since both the exponential in (29) and the logarithmic in (28) can be represented with
i ny +order golynomials, althought the latter only when |p(X)] < 1

12



From the stochastic differential equation (27), it can be seen that the employment gap, X,

follows an Ornstein-Uhlenbeck process which in the long run converges to a normal distribution

with mean given by p(1 — a)

Blow) = 20 o) v o

where Xp denotes the long-run level of the employment gap. The above equation displays a
positive relationship between the employment gap and productivity growth and therefore a
negative linear relationship between unemployment and productivity growth

where we have used (17). Notice that at lower levels of real-wage stickiness (lower G) the link
between unemployment and productivity growth is weakened and unemployment becomes
close to the frictional level. Furthermore, in this linear solution, there is no relationship between
unemployment and the volatility of productivity growth.
I n order to ynd a role for \acsécand-order golynomiave need t o
approximation for p(x) and ~r(%).*> However, as shown in Figure 2, when we assume a
symmetric adjustment-cost function, aY 0 we y nd t ho#H betweeh anemployaners
and productivity growth is negligible and the curve is almost vertical. Moreover the variance has
a small role in accounting folb ¥ s i gniycant shifts in s

Figure 2 Model with symmetric real-wage rigidities: long-run relationships between the mean of
unemployment, E(Up), and the mean of productivity growth, g, for different values of the

standard deviation of productivity growth, 0. All variables in % and at annual rates.
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The approximations are accurate as long as X, p(Xt) and R(Xt) remain appropriately bounded within the unit circle.
In particular, a larger @in absolute value requires stricter bounds for X;.
14 ~
In the Figure, we use the following calibration: = 2.5, } =0.04, U=0.66,d = 6, Jlg= 1.15, [y = 0.05, G=1.77. In

particular, within a Calvo model the assumption on G would translate into an average duration of contracts on real
wages equal to one year and a half. Note that, as shown in Figure 1, the VAR estimates of the variance of productivity
growth range between 0.0001 and 0.0005, implying standard deviations in the range 1% to 2.3 per cent.
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A stronger trade-off and a more important role for volatility emerge when there are
asymmetries in real wage rigidities, as shown in Figure 3 where we let the parameter a-take
negative values. As a-decreases the trade-off becomes more pronounced in a way that it also
depends on the level of productivity growth. Moreover, the lower athe higher the impact of
volatility on unemployment. This channel is larger the closer the trend in productivity growth is to
zero.

Figure 3 Model with asymmetric real-wage rigidities: long-run relationships between the mean of
unemployment, E(UD) and the mean of productivity growth, g, for different values of the

standard deviation of productivity growth, 0, and different levels of asymmetries, o
All variables in % and at annual rates.
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When there are asymmetric rigidities on the downward side, lower levels of productivity
growth are associated with higher unemployment because bad productivity shocks are more

likely to be absorbed by | ower employment demand
l abor to protect their proyts theésatoehigh ea Wagesage s
workers would |ike to supply more | abor t han

productivity growth is high, these bad draws on productivity are even more likely requiring a
larger adjustment on labor.

The mechanisms underlined by our model would be absent in a simple framework of
symmetric real wage rigidities unless there is a substantial and persistent misalignment
between real wages growth and productivity growth. Not only would a model with symmetric
real rigidities imply a weak relationship between productivity growth and unemployment but also
no role for the volatility of productivity growth in explaining unemployment.

In the next section, we discuss more extensively the results in the limiting case of complete
downwardr eal wage inyexibility.

2.4 Downward real wage rigidity

In this section, we assume that real wages are completely rigid on the downward side and
yexi ble on the wupward side. T formsandnite dedvationco# its
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solution is he | pf ul to illustrate the in;?ﬁ%/\htkccmmplmia

v ol

downward wage inyexibility, the wage setters

dwy(7) > 0, (30)

with W, > 0. In other words, agents choosea non-decreasing positive real wage path to

maximize (13). In appendix E, we show that this optimization problem leads to a simple decision
rule. Wage setters compare their past choice on real wages to a current desired real wage.
Whenever the past real wage is higher than the desired one, they are constrained by the past
decisions and cannot move their real wage. Otherwise, whenever the current desired real wage

d
is higher than the past real wage, they adjust upward to that desired real wage, W; , which is a
fraction o f t h-wagg leveliarna biwen by

1
wd = ¢ ,0_2, : ,a/lfoz._LfozflA
; (9,77, pr ) Mp( ) A -

- c(gagza 0, Od)l_a ’ wif

where C(+) is a non-negative function of the model parameters:

9+ 37(9,0%p) - 07
g+ g kalaatal + ) o

clg,0%,n,p,a) = <1 32)

and (+) is the following non-negative function

_Q'+ /92+ 2}00'2
o2 ’

v(g,6%, p) =

which is derived in Appendix E.
A g e ndptimizing behavior in the presence of exogenous downward real wage rigidities
implies an endogenous tendency for limiting the upward revisions in real wages. When wages

d
adjust upward, they adjust to the desired level Wy, whi ch i s al wa y-wageblevél

by a factor C(-). Indeed, optimizing wage setters choose an adjustment rule that tries to

ow

at

ma X i

t

he

it
mi z e

y e X

minimize the ineffici enci es of downward real wage inyexibility.

locked with an excessively high real wage were future unfavorable shocks require a real wage
decline (as downward real wage rigidities would imply a fall in employment). As a consequence,
optimizing agents refrain from excessive real wage increases when favorable shocks require
upward adjustment, pushing cur-casaldvel.,e mpl oy me

The above optimizing decision rule nests also a myopic rule in which agents do not take
into account the consequences of the current real wage choice for future decisions and simply
adjust real w avgagedeved whenaverythés evebid adove their previous choice. In

f
this case Wy = W, whenever dw; > 0. This myopic rule, which will be of particular interest for
the empirical section that follows, corresponds to the limiting case in which agents do not
discount the future at all, i.e. when} Y im@jingc ¥

5
Benigno and Ricci (2010) study the implications of a model with downward nominal wage rigidities.
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241  The productivity growth-unemployment trade-off

We can now solve for the equilibrium level of employment and characterize the productivity-
unemployment trade-off in the presence of downward real wage rigidities. Since we have shown
that wy Oc(-)!' g\ltf equation (26) implies that -B  ¥9O-In ¢(-). The existence of downward
real wage rigidities endogenously adds an upward barrier on the employment gap. Since at
follows a Brownian motion with drift g and standard deviation 0, also X is going to follow a
Brownian motion with mean g/(1 - U) and variance (& /(1 - U))? but with a regulating barrier at
-In ¢(+). The probability distribution function for such process can be computed at each point in
time.'® We are interested in studying whether this probability distribution converges to an
equilibrium distribution when t Y D, in order to characterize the long-run probability distribution
for employment, and thus unemployment. Standard results assure that this is the case when the
drift of the Brownian motion of X; is positive, which requires g > 0. In this case, it can be shown

that the long-run cumulative distribution of X, denoted with P(-), is given by
P(xoo < Z) _ eg—g(lfoa)(Znthc)

for 0 z@-In c(-) where x° denotes the long-run equilibrium level of the employment gap. We
can compute the long-run mean of the employment gap,

E[$OO} = s h’lC(g, JZ:W:P:Q)- (33)

and therefore the long-run mean of unemployment

1 1 2 1
Bt = 4 LLF 7 15

o 11109%0'2:"?:;0:&-
2nl—o) ¢ ( )

(34)
In this model the average growth rate of real wages converges in the long run to the
productivity trend, g for any positive g.17 In the presence of downward real wage rigidities, we
ynd a strong negative relationship between the unemployment rate and the rate of productivity
growth, which is shifted by the volatility of productivity. The shift is quantitatively important as
shown in Figure 4. For given growth of productivity, a higher volatility implies a higher
unemployment rate. For given volatility, a lower productivity growth implies a higher
unemployment rate. Notice that under the myopic adjustment rule, in which } Y, thdmean of
unemployment rate is simply given by
Eltteo] = w + llia_zj
2n(l —a) g

as the function C(+) in (34) is now equal to 1. Indeed, a value of C(-) below one is capturing the

(35)

beneyts in terms of | ower unemployment due
setters who are taking into account the future consequences of their current real wage choices

16
See Cox and Miller (1990, pp. 223-225) for a detailed derivation.

This is an appealing feature of the limiting case in contrast with the model of symmetric rigidities.
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and therefore set lower real wages when adjusting upward. Absent this channel, unemployment
would simply reyect the st MLandthei;tsofthevdeanacdf
real wage rigidity constraint given by the ratio between the variance and the mean of
productivity growth. The relevance of this ratio to explain long-run unemployment will be
investigated in the empirical analysis below.

Figure 4 Model with downward real-wage rigidities: long-run relationships between the mean of
unemployment, E(Up), and the mean of productivity growth, g, for different values of

the standard deviation of productivity growth, 0. Al variables in % and at annual rates.
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3 EVIDENCE FOR THE UNITED STATES

A key prediction of the theoretical model is that the variance of productivity growth has
explanatory power for the mean of the unemployment rate over and above the mean of
productivity growth. There are two ways we can take this prediction to the data. First, focusing
on a single country, we can construct time-varying measures of mean and volatility, and then
ask whether periods of higher variance in productivity growth are associated with a higher mean
of unemployment, for a given mean of productivity growth. Second, we can investigate this
relationship within a panel of countries. This section describes the strategy and the results for
the yrst avenue. Section 4 presents evidenc

As for exploiting the time variation within a single country, the U.S. Great Moderation

appearsanat ur al candidate for assessing the empirical

of the 1980s, the volatility of several measures of real activity, including real GDP growth,
residential investment and unemployment fell sharply in the U.S.. To the extent that productivity
growth also showed a pronounced decline in volatility, our model predicts that this should have
been accompanied by a pronounced fall in the mean of unemployment. Figure 1 provides prima
facie evidence in support of this prediction. In this section, we
estimates in Figures 1 have been constructed and we then use the time-varying measures of
mean and volatility for productivity growth to assess the ability of the model to account for the
low-frequency variation in the unemployment rate.
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3.1 Measuring unemployment and productivity trends

The econometric literature offers several ways to model time-variation in the variance of the
stochastic disturbances as well as in the autoregressive coeé cients of stochastic processes.
Some of the best-known examples in macroeconomics include models of AutoRegressive
Conditional Heteroskedasticity (ARCH), Regime-Switching volatility models (RS) and Vector
AutoRegressions with stochastic volatility (VAR). It is worth emphasizing that our theoretical
model has predictions for the rate of unemployment in the long-run. The focus on the long-run
makes the ARCH speciycation |l ess attractive
of real rigidities in the labor market hinges upon the presumption that changes in productivity
diffuse gradually, rather than abruptly, to the rest of the economy, thereby making the RS model
less attractive than the time-varying VAR for our purposes.

Following the literature pioneered by Cogley and Sargent (2001 and 2005), and followed
among others by Primiceri (2005) and Sargent and Surico (2011), we model the evolution of
productivity growth, g, real wage growth, g\, and the rate of unemployment, U, using a VAR
with drifting coe&e cients and stochastic volatility. The drifting coefficients enable us to construct
a time-varying measure for the mean of the endogenous variables. Both the drifting coe&e cients
and the stochastic volatility allow us to construct a time-varying measure of volatility.

The statistical model is a VAR(p) of the following form:

Yi=Bos+Bi4Ye 1+ ..+ BiYe p e = X;Qt + & (36)

where X;c o | | e c t { lagstofeY;, ¢is s matrix of time-varying parameters, et are reduced-
formerrors, Yii s dey i dgifa swa]' , and J is set equal to 2. The parameters of the

error covariance matrix, Var(e) ., areGassumed to evolve as geometric random walks while

the parameters of the matrix of autoregressive coefficients are assumed to evolve as random
walks.
The time-series for long-run unemployment and long-run productivity growth are computed

as local-to-date t approximations to the mean of the endogenous variables of the VAR,

evaluated at the posterior mean E(dt|T). Let us rewrite equation (36) in companion form:
ze = Cyr + Dyrze1 + 6

where Z contains current and lagged values of Y, CqT is the vector of intercepts, Dt|T is the
vector of stacked time-varying parameters and ( is a conformable vector containing et and
zeros. Following Cogley and Sargent (2005), the long-run mean for the vector z can then be
computed as:
= (I-Dyr) " Cyr @37)
where, given the order of the variables in the VAR, the yrst and third elements of Z, correspond
to the mean of productivity growth, g: and the mean of unemployment, i at time t.
The time-series for the unconditional variance of the variables in the VAR can be estimated

t han

using the integral of the spectral density over all frequencies, fw ft|T(w), wherefyri s deyned

as:

) _ ,
for(w) = (I — DﬂTe—W)—lQiT (I = Dyre™™)] (38)
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The element (1,1) of the matrix ft|T( Yrgpresents the unconditional variance of productivity
growth,cNTfattimet. Details of the model S p e @ie provadédinon and est
Appendix B.

The data were collected in September 2010 from the Fred database available at the Federal
Reserve bank of St. Louis. Productivity is the non-farm business sector output per hour of all
persons (acronym 06 OP HNfarB dlsinessnseajoe real compenisation pes n
hour (acronym OCOMPRNFB®&) , and un e nemploynyentefar t is the
persons with 16 years of agelSAtﬂwariablésmerseas(oraaldyr onym O6UNF
adjusted at the source. As we are not interested to explain quarter on quarter changes, we
compute annual growth rates for productivity and real wage to smooth out the high frequency
components in the data. Growth rates are approximated by log differences. Results are robust
to using quarterly changes. To calibrate the priors for the VAR coe& cients, we use a training
sample of thirteen years, from 1949Q1-1961Q4. The results hereafter, then, refer to the period
1962Q1 to 2010Q2.

We can therefore compute the estimates of long run unemployment (’&t ), long run
productivity ( ¢ ), and the variance of productivity (c”r?) from the estimates of the VAR (36)
together with the formulas (37) and (38). These series are shown in Figure 1.

32 The yt of the |inear model

This section assesses empirically the main predictions of the model: the mean of unem-
ployment depends negatively from the mean of productivity growth and positively from the
variance of productivity growth. More formally, we can write:

E[uoo} - f(g: 0—2:19)
where the vector! [ d (  } ,") cdhtains tBe relevaint parameters of the model and f(-) is a

generic non-l i near function which in t he l'i miting case of
corresponds to (34).
A natural benchmark of comparisonf or t hi s exercise is the Ilinear sp

earlier contributions (see for instance Pissarides and Vallanti, 2007), which relates long-run
unemployment to long-run productivity growth:

U = — by + &4 (39)

where a and b are par abemaved stachastin disturbance.iUsing ghe we | |
estimates of the VAR derived in the previous Section, we obtain the following OLS estimates for
equation (39):
g = 0.10 — 2.24 - g + & 4
. (0.002)  (0.088) TR (40)

where standard errors are reported in parentheses. The R of the regression is 0.77. The

8 To make our empirical results comparable with earlier contributions (see for instance Staiger, Stock and Watson,
2001), we measure productivity as the ratio of output to total hours in the non-farm business sector, Y/L This measure
is computed and released by the Bureau of LabYlk et athiestyirsg . I'n ot
diderence of its logarithm is denoted by g. It should be noted, however, that assuming a standard labour to capital ratio
of 2/3 the correl at i oierenoeof thedoganithnyof ¥his 0.9 bver our samyile peribd.
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estimates of this simple model show that there is a tight negative relationship between
productivity growth and unemployment in the long-run. In particular, a 1% fall in longrun
productivity growth corresponds to an increase in long-run unemployment of 2.24 percentage
points. Alternatively, an increase of one standard deviation (0.002) in longrun productivity
growth would lower long-run unemployment by 0.47 percentage points.
Figure 5 confronts long-r un unempl oyment , depicted as red contin
values from equation (40), depicted as blue dotted line. The linear model does a good job in

Figure 5 Trend in the unemployment rate implied by the estimates of the time-varying VAR (36)
using formula (37), and ytted val ueasdobthe t he Linear Model of
Linear Model with Variance of equation (41). Percent rates.
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tracking qualitatively the movements in the unemployment rate. However, a closer inspection of
the ygure reveals that neither t hnel98d and 199mr i n trend

the rise since the |l ate 1990s can be adequately expl
particularly inadequate to explain the developments in long-run unemployment since 2007.
The theoretical model of section 2 suggests two depar t ures from the | inear s p

(39). First, it highlights the relevance of the variance of productivity growth. Consistent with
Figure 1, movements in the variance of productivity growth coincide with movements in long-run
unemployment, especially duri ng t he periods where the mean of prod:

Second, under the I imiting case of downward real wa
derive a nonlinear relationship between unemployment and productivity growth in closed form.
Toappreci ate the relative i mportance of these modiycatio
augment t he l'inear S p e c i yanca tterno nmhen, me dstBnate thewi t h a vart
relationship between unemployment and productivity growth nonlinearly.

More splkkyycwe estimate the following |inear speci

variance of productivity growth:

ity = 0.08 — 1.68 - §; +50.89 - 52 + &, (41)
(0.001)  (0.047) (1.974)
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The variance term is FHZiighlnyowsiOglﬁ)iSycanntsi@rmciiytclaelt i nc
to the estimates in (40) which are basedonal i near s p e c i-furcproductvitygrowth | on g
onIy.lgThe i mprovement is evident from Figure 5. The yt

unemployment trend far better than the linear model (40), and in particular they allow the model
to account fully for the decline in long-run unemployment of the 1980 and the rise of the late
2000s. The coefficient on the productivity mean is somewhat lower than in the bivariate case.
The effec t of the variance is also economida@! |y signiy
deviation (0.00005) would imply a rise in long-run unemployment of about 0.25 percent. The
estimates in Figure 1 reveal that the variance of productivity growth declined from 0.0003 to
about 0.0002 during the yr gunurempoyment fell frorh aboul 98 0s when
6.5% to 5.5%. Together with the estimates in (41), this implies that the decline in the variance of
productivity growth can account for about 50% of the fall in long-run unemployment during this
episode. Between 2000 and 2009, the variance of productivity growth has increased from
0.00024 to 0.00038 against the backdrop of a rise in long-run unemployment from 5% to 6%.
These numbers imply a 70% contribution of the variance of productivity growth to long-run
unemployment during the 2000s.

3.3 Controlling for demographics

An important strand of the literature has convincingly argued that changes in the
demographic composition of the labour force adects the low-frequency movements in
unemployment (Shimer, 1998), the low-frequency movements in productivity (Francis and
Ramey, 2009) and the variance of real output growth (Jaimovich and Siu, 2009).
In this section, we want to assess the extent to which the estimates of the linear models
above may vary once we control for demographics. To this end, we construct time series for the
share of workers in the labor force with age (i) between 16 and 21 (as in Francis and Ramey,
2009), (ii) between 16 and 34 (as in Shimer, 1998), and (i) the sum of the shares of workers in
the 16-29 and the 60-64 windows of age (as in Jaimovich and Siu, 2009). Furthermore, we run
a regression of the unemployment rate on a constant and the unemployment rate of workers in
prime age (deyned as those between 35 and 64 years),
regression in place of the unemployment rate in the VAR to construct the trend of what Shimer
(1998) refers to as a measure of genuine unemployment which is not adected by
demographics.20
The labor force series were collected in September 2010 from the Bureau of Labor
Statistics using data gathered in the Current Population Survey. These data can also be used to
compute the unemployment rate for prime-age workers. The series used in this section are
reported in Appendix A. The results of these sensitivity analyses are collected in Table 1, which
presents estimates for the linear model using the trend of productivity growth and the measures
of labor force share in columns (1) to (3), and then adding the variance of productivity growth in

19 _ . . . ) -
Similar results are obtained using averages and variances of unemployment and productivity growth computed over
e i t h eartengyeae rolling windows.

The estimates of this regression are: 0.0075 (.0014) for the intercept and 1.2716 (.0340) for the slope. Standard
errors in parenthesis. R?=0.851. Sample: 1948Q1:2010Q2.
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columns (5) to (7). The estimates for the speciycat
unemployment are displayed in columns (4) and (8), without and with the variance of
productivity growth respectively.
Two main results emerge from Table 1. First, controlling for demographics does not
overturn our ynding of a s i-rgnnmearc and the var@amce of f or both
productivity growth to explain low-frequency movements in unemployment. In particular, the
estimated coefficient on c"rt2 in columns (5) to (8) is never statistically different from the estimates
in (41), which omits any demographic measures. Similar results are obtained for the estimated
coefficient on f}talthough in column (4) this is statistically lower than the estimates in (40).
Second, in line with Shimer (1998), Francis and Ramey (2009) and Jaimovich and Siu (2009),

the composition of the | ab o ronthedawdrequencg movemergsi gni ycant
in unemployment, although its statistical and econor
variance of productivity growth is added as additional regressor in the columns (5) to (7). The

ynding of an i mporatnaret orfolper ofdaurc ttitve t yargir owt h i s r ob

measure of genuine unemployment in column (8), although the coefficient on the productivity
growth trend is statistically smaller than in (41).

In summary, we conclude that the long-run mean and the variance of productivity growth
are signiycant d e t erunminemaloyinent ovef andJab&e chénges @ the
demographic composition of the labor force in the post-WWII period.

34 The yt of the nonlinear model

The results above pointtowardasi gni ycant role for asymmetries in
investigate this channel further, we estimate the non-linear equation implied by the model under
the limiting case of complete downward real wage rigidities:

s 1 1+4m 87 149

i = w +§mg+ 2 Inc(G;, 63,1, p,0) + & (42)
Unfortunately, the parameters Uanddar e no't separately identiyed. Nev
still estimate a reduced-form version of (42), which we refer to as the funrestricted modela
The estimates of the unrestricted model yield so h
the function c(-) very close to one, which correspond to the case of myopic agents. We
therefore estimate also a simpliyed version of the t
C = 1 prior to estimation: ol
fbt:uerlHin.%Jrgt (43)
2n(l —a) G
The simpliyed versi on thé daBance-to-mban catio ofi pgoduttivitn e a r i n
growt h, is referred to as the O6restricted model 6.
The ytted val ues a slisearunrestticeed model dnth with theevarianzaito-
me an restricted mo d e | ar e present edack ilong-rufri gur e 6 .
unempl oyment remarkably well and they clearly outper
which is based onlong-r un productivity growth only. I n particul a

(43) capture well the fall in long-run unemployment during the 1984-1992 period and its
increase during the (late) 2000s.
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Figure 6 Trend in the unemployment rate implied by the estimates of the time-varying VAR (36)
using formula (37), and-linpar Ueebtricteal modelof efuation (4Be Non
and the Variance-to-Mean-Ratio model of equation (43). Percent rates.
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The non-linear modelhasa RPof 0. 92 and a point estimate (standar
wage unemployment rate, uf, of 3.88% (0.29). The restriction implied by the variance-to-mean

ratio implies only a modest d e t R of D.90ramdta coefficieit n  t h e good

ufof 3.41% (0.05). This suggests that the simpliyed
approximation to the (@(ARPpst Noottiead @apgeaciny dataiton n t he
(43) with myopic agent s, downward real wage rigiditi:e

of the variance-to-mean ratio of productivity growth in adecting unemployment in the long-run.
In summary, versions of the theoretical model that feature strong asymmetries in real
rigidities appear to account for the low-frequency movements in the U.S. unemployment rate
which a model with symmetric real rigidity has hard time to explain. Similar results, available
upon request, are obtained using Shimerds measure of
for demographic changes.
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4 INTERNATIONAL EVIDENCE

In this section, we explore the empirical implications of the model in Section 2 within a
panel of international data. In particular, we are interested in whether the variance of
productivity growth has predictive power for the mean of unemployment across different
countries over a sufficiently long period of time. Our international dataset is an unbalanced
panel of quarterly observations for developed and developing economies over the post-WWII
period.21

For each country i, we compute over a window of ten years:

1) the mean of unemployment, ti;;

2) the mean of productivity growth, g

3) the variance of productivity growth, &?t

4) the ratio between the variance of productivity growth and the mean itof productivity
growth, V-to-M ratio.

Unemployment is taken from various data sources (World Development Indicators, IFS,
WEOQO, OECD, and Datastream, via splicing in the respective order); the sample spans the years
between 1960 and 2008. For productivity, we use real GDP per worker where real GDP is taken
from employment World Development Indicators, IFS, and WEO (via splicing in the respective
order) and employment is taken from the same sources as unemployment. Prior to estimation,
we drop observations for which there are less than eight periods in a ten-year window. The
estimates are displayed in Table 2 and each column refers to a differ en't speci
estmati on met hod. The estimates in the vyrefett
Estimator (FE) with time dummies included only in the columns (5) to (8). The last two columns
refer to the Between Estimator (BE) and will allow us to assess the extent to which cross-
country variation in the mean of unemployment is due to crosscountry variation in the mean and
variance of productivity growt h. I n al |l
heteroskedasticity. In the FE columns, standard errors are also adjusted for intra-group
correlation. In line with the theory, the coefficient on average productivity growth is negative and
the coefficient on the variance of productivity growth is positive. While the latter is always
signiycant, t feeanftoraomelry iisn stilgenmispeci ycati on
A possible interpretation of this result is that the countries in our panel share a common trend in
productivity growth which absorbs the negative correlation with national unemployment. The
coefficients are somewhat | ower than those
higher standard deviations for all variables in this international sample. Indeed, the coefficient in
column 3 indicates that the effect of a one standard deviation increase in productivity growth
(about 0.02) is to lower average unemployment by a full percentage point.
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The signiycance of the variance of productivity gr

coefficient on the variance to mean ratio is positive and statistically different from zero in both
speciycations (4) and (8), and therefore it
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The countries are: Argentina, Australia, Austria, Belgium, Bulgaria, Canada, Chile, China,P.R.:Hong Kong, Czech

Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea,
Latvia, Lithuania, Luxembourg, Malaysia, Malta, Morocco, Netherlands, New Zealand, Norway, Peru, Philippines,
Portugal, Russia, Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Taiwan Prov.of China, Thailand, United
Kingdom, United States, Venezuela, Rep. Bol.
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