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Abstract

Wages are only mildly cyclical, implying that shecto labour demand have a larger
short-run impact on unemployment rather than wagdsodds with the quantitative
predictions of the canonical search model — evevates are only occasionally renegotiated.
We argue that one source of the wage flexibilityzdes is plausibly the model for the
determination of reservation wages, and considell&rnative reservation wage model
based on reference dependence in job search. Menseoon generates less cyclical
reservation wages than the canonical model, asdsmgference points are less cyclical than
forward-looking components of reservation wageshsag the arrival rate of job offers. We
provide evidence that reservation wages signifigaespond to backward-looking reference
points, as proxied by rents earned in previous.jdlhsa model calibration we show that
backward-looking reference dependence markedlycesithe predicted cyclicality of both
wages and reservation wages and can reconcileetiwsdmpredictions of the canonical model
with the observed cyclicality of wages and reseovatvages.

We would like to thank Robert Shimer and seminatigpants at the NBER Summer Institute 2014,
Sciences Po, University Pompeu Fabra, Universitgraterdam-Tinbergen, University of Essex, for
useful comments on this paper.



1. Introduction

Empirical evidence suggests that real wages arg womldly pro-cyclical. For example,
Blanchflower and Oswald (1994) conclude that, ateecomposition of the unemployment
pool is controlled fof, the elasticity of wages with respect to the un@yplent rate is-0.1.
Although this estimate should not be thought o amiversal constant (see, for example, the
review by Card, 1995), most existing estimatesnatetoo far from this benchmark, and the
meta-analysis of Nijkamp and Poot (2005) reponsean estimated elasticity 60.07. This
modest pro-cyclicality in wages implies that shottkéabour demand have a larger short-run
impact on unemployment rather than wages.

In recent years most business cycle analysis dfulalmarkets has adopted the
currently dominant model of equilibrium unemploymen the search and matching
framework developed by Diamond, Mortensen and Rdes (see, Pissarides, 2000, for an
overview). This framework offers undoubtedly vdileinsight in interpreting labour market
dynamics, but the quantitative predictions of tipecfic models used have difficulty in
matching relatively mild wage cyclicality and larggemployment fluctuations (see Shimer,
2005, and Rogerson and Shimer, 2011, for an owg)vie

In this paper, we first present an alternative pective on the wage flexibility puzzle.
We use a conventional search and matching framewnrterive a relationship between
wages and unemployment that, under plausible agsumspis not shifted by demand shocks.
Demand shocks — independent of their source or imagn— are associated with movements
along this curve, and the elasticity of the ‘wageve’ derived determines the relative
volatility of wages and unemployment over the basscycle. This approach has a natural
analogy in a perfectly competitive labour marketdelp in which the labour supply curve is
not shifted by labour demand shocks. We use thamddd wage curve to show that the model
can only replicate the modest observed cyclicaiitywages if replacement ratios are
extremely high (see also Hagedorn and Manovsk@820This problem is most severe in the
version of the canonical model with continual wagenegotiation. However, we also
consider the cases in which wages are only infretlyiee-negotiated, implying higher wage
cyclicality on new, rather than continuing, matcfidall, 2005, Pissarides, 2009, and Haefke,
Sonntag and Rens, 2008), and in which there is dmokward-looking component in wages
(Hall, 2005, Hall and Milgrom, 2008, Gertler andigari, 2009; Gertler, Sala and Trigari,

! Failure to control for the characteristics of tmeemployed typically makes wages appear even lgdical
because unemployment in recessions tends to fadlt meavily on less-skilled workers, making the Iskil
composition of employment mildly counter-cyclical.
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2008, Shimer 2010, 2013, Rogerson and Shimer, 2@ichaillat, 2012). We find that these
elements only address the wage flexibility puzzienemployment persistence is implausibly
low.

Secondly, we derive predictions for the cyclicalityworkers’ reservation wages. We
show that the canonical model predicts that resienvavages should be more cyclical than
wages in new or continuing jobs. The intuition hattthe determination of the reservation
wage encompasses both the cyclicality in the expestige offer and, conditional on this, an
extra cyclicality component directly driven by ungdoyment fluctuations. That is, in a
recession the reservation wage falls because weofkee both a lower expected wage offer
and a lower probability of receiving an offer.

In our empirical analysis we provide estimates loé tcyclicality of wages and
reservation wages for the UK and West Germany usmgo data from the British
Household Panel Survey (BHPS) and the German Sé&wonomic Panel (SOEP),
respectively. These are the only two known sourcksnformation on (self-reported)
reservation wages, which cover at least one fulirmss cycle. In recent years, rich
longitudinal data on job search behaviour in the ti#lected and analysed by Krueger and
Mueller (2011, 2012, 2016), have greatly added twwedge on reservation wage
determination, but these data cover too short a span to investigate their cyclicality. This
paper contributes to the empirics of reservatiogesaby exploring their cyclical properties.

Our baseline estimates for the elasticity of waged reservation wages to aggregate
unemployment are abow.17 and —0.16, respectively, for the UK, and we obtain markedly
lower elasticities for West Germany, which are obbdrderline significant. These estimates
highlight two flaws in the quantitative predictiomd the canonical model. First, wages,
whether in new or continuing jobs, are not as cgtlias the theory predicts for plausible
parameter values — and this is the essence of dlge ¥lexibility puzzle. Second, reservation
wages are not more cyclical than wages.

We explore the origin of these puzzles by decommapsgiage determination into two
steps. The first step stems from wage bargainirg) ratates the bargained wage to the
reservation wage and the mark-up of wages overdautgptions. The second step is derived
from the behaviour of the unemployed, and relates reservation wage to current and
expected future unemployment. To raise the wagstielty relative to the reservation wage
elasticity, one could introduce a procyclical wagark-up. However, this would worsen the
wage flexibility puzzle. Thus we do not further pue changes to the wage determination



model and explore instead changes to the modettefmhination of reservation wages, so as
to reduce their cyclicality.

We consider an extension of the canonical searctleimoeith search-on-the job, as
well as behavioural search models based on présased preferences and reference-
dependent preferences, respectively. We show thatviag for search on-the-job or
hyperbolic discounting in an otherwise canonicarsle model would not improve model
predictions on cyclicality without worsening pretibois in other important dimensions. A
more promising route consists instead in introdyaieference-dependent behaviour in the
determination of reservation wages. As long asreefe points are less cyclical than
forward-looking components of reservation wageshsag the arrival rate of job offers, the
presence of reference dependence in job searchagesndess cyclical reservation wages that
the canonical search model.

Reference-dependent preferences have attractedasicg attention in economic
behaviour in general and labour supply modellinganticular (see — among others — Della
Vigna, 2009, Falk, Fehr and Zehnder, 2006, and dfa2008), with the aim of explaining
observed deviations from the standard neoclassiodkl of individual decision making. The
central idea is one of loss aversion relative toesoeference status (Tversky and Kahneman,
1991), whereby utility is more sensitive to lossather than gains around one’s reference
point. Reference points may be determined by bast personal experiences and peer
influences (Akerlof, 1980; Akerlof and Yellen, 199Blanchard and Katz, 1999), and are
plausibly less cyclical than forward-looking labauarket variables.

We bring these ideas to the job-search contexiwaily reservation wages to respond
to an individual’s past work experience, as proxigdents enjoyed in previously held jobs.
Absent wealth effects (which we show to be neglegib our working sample of unemployed
jobseekers) past rents would not affect reservatiages if jobseekers are forward looking,
but would in fact influence job search behaviouhdy represent a significant reference point
for wage aspirations. By exploiting the long padehension of the UK BHPS, we provide
evidence that reservation wages significantly radpt rents earned in previous jobs, and
this effect is robust to controls for individualabservables. In a model calibration we show
that backward-looking reference dependence in vatien wages markedly reduces the
predicted cyclicality of both wages and reservatieages for plausible parameter values.
While backward-looking elements of wage settingdhahave an impact on the predicted

cyclicality of wages, we show that plausible backdvimoking components in reservation



wages can reconcile theoretical predictions ofgbarch and matching framework with the
observed cyclicality of both wages and reservaivages.

The paper is organized as follows. Section 2 laysaosearch and matching model
with infrequent wage negotiations and a backwaodiltg component in wages, and Section
3 derives theoretical predictions for the cycligabf newly-negotiated wages, wages in new
jobs, average wages and reservation wages. Sedtipresents estimates of wage and
reservation wage curves for the U.K. and West Gaynaighlighting that the estimated
cyclicalities of both wages and reservation waged@wer than their theoretical predictions.
Section 5 proposes alternatives models for thermétation of reservation wages and
provides evidence on reference dependence and bath@oking behaviour in job search.

Section 6 concludes.

2. The modd

This section lays out a canonical search and nragcimiodel to derive implications for the
cyclicality of wages. Our set-up encompasses elé&ngreviously highlighted by work on
wage cyclicality, and namely it allows for higheage cyclicality in new than continuing
jobs (see, among others, Pissarides, 2009) and ackward-looking component to wages
(see, for example, Gertler and Trigari, 2009). Athbelements only have consequences for
wage cyclicality out of steady-state, we allow do®@nomic environment to change over time.
In the interest of simplicity we assume away hejenity in workers or jobs.

A special case of this model is the classical Diviitnework with continuous wage
renegotiation and without any backward-looking comgnt in wages. As shown below,
wages in this special case are predicted to be storagly cyclical than in the general case,
as both infrequent renegotiations and a backwaollilg component in wages act to curb
their procyclicality. Both additions introduced begive the search and matching model a

better chance to match wage and unemployment #itions at the business cycle frequency.

A. Employers

Each firm has one job, which can be either filled @roducing or vacant and searching. If a
worker and firm are matched, we assume that th@ptrege a wage with probabilityr,
while with probabilityl-a a pre-existing (“old”) wage is paid, randomly draivom the

existing cross-section of wages. We assume thagthat all old wages generate some



surplus to both parties. This is the case if thersufficient surplus-sharing in steady-state
and the deviations from steady-state are small gimouThe extent of job creation at old
wages (represented by ) is the source of the backward-looking componentwiage
determination.
The value function for a vacant job at tirneV (t) , is given by:
oV (t)

rv (1) =—c(t)+a(t) E [ I (tw(t)) -V (t)-C(t) ]+ E e )

where J (t;w) is the value of a filled job at timg paying a wagev. Following Pissarides

(2009) and Silva and Toledo (2009), we allow thstadf a vacancy to include both a per-

period costc(t), and a fixed costC (t) , paid upon hiring. The related literature sometime

indexes vacancy costs to productivity shocks oresgg.g. Pissarides, 2000), and we return
to this issue later. For the moment we simplyvallmth components of vacancy costs to be

time-varying, and assume that they are exogenotretmdividual firm? Finally, q(t) is the
rate at which vacancies are filled at timhe This rate varies over time via the impact of
shocks on labour market tightness.

The first expectation term in (1) captures uncatiaiabout the wage in future
matches, whether it will be newly-negotiated orwirainstead from the existing wage
distribution. As the value functions are lineamiages, the expectations term can be replaced
by averages:

v (t)

rv (t) =—c(t)+ q(t)[aJ (tw, (1)) +(1-a) I (t;w, (1)) -V (1) —C(t)} +E, — )

where w, (t) denotes a newly-negotiated wage amdt) denotes the average wage in the

existing distribution.
Consider next the value of a filled job that cuthgerpays a wagew. Wages are

occasionally renegotiated, and renegotiation opipities arrive at an exogenous rafe’
leading to a staggered wage setting process all@ CE083). The parametey captures the

extent to which wages on new and continuing joby differ. If the wage in an existing

2 This could be relaxed, but would require more tioiefor little extra insight.

% We assume renegotiation opportunities arrive emogsly, not triggered by a threatened separatiosezhby
a demand shock. This amounts to assuming thatmibstaocks never cause the surplus in continuingheat
to become negative. Allowing for this possibilitypwd induce an extra source of cyclicality as ipli@s more
frequent renegotiation in recessions.



match is renegotiated, we assume that neither padythe option to continue the match at

the previous wage, which has thus no influenceheroutcome of the wage bargain, and any

renegotiation results in a wage (t) Using this, the value of a filled job that paysvage

w at timet is given by:

rd(t;w) = p(t)—w=s[ I (t;w) -V (t) ] +¢[J (tw, (t))-J (t;w)] +E, w (3)

where p(t) denotes the productivity of a job-worker pair, asdthe ultimate source of
shocks, ands is the exogenous rate at which jobs are destroylee.second term in square
brackets represents the change in job value regultbm renegotiation.
Free entry of vacancies ensukeét) =0, so that (2) can be re-arranged to give:
Cc

a3 (tw, (1)) +(1-a) 3 (tw, () -V (1) :C(t)+$, @

N~—

i.e. the expected value of a newly-filled job eguale expected cost of filling a vacancy.

Expression (3) impliedJ(t;w)/ow=1/(r + ¢+s), so (4) can be rewritten as:

(t)) =C(t)+ c(t) _ (1_0')(Wa (t)-w, (t))

J(t;w - q(t) r+@+s

r

(5)

B. Workers

Workers can be either unemployed and searchingnptiaged and producing. The value of

being unemployed at timeis given by:

rU (t) = z+A(t) aW (6w, (1)) +(1-a)W (6w, (1)) -U (1) |+ E 6Ua_t(t) , (6)

where z is the flow utility when unemployed, assumed tdiked in the short-rufi, W(t; w)

is the value at of a job that paying wagev, and A (t) is the rate at which the unemployed

* Chodorow-Reich and Karabarbounis (2013) argue zhiatpro-cyclical. Allowing for procyclicaz would
make wages more pro-cyclical in this model, makingven harder for other elements of the modelxjglan
the wage flexibility puzzle.



find jobs, which varies over time with labour markghtness. In (6) we have again exploited
the linearity of value functions in wages to reglacage expectations with their average.

The value of being employed at a wageis given by:

oW (t; w)

o (7)

rW(t;w) = w+ qo[W (t; W, (t)) —W(t;w)] - S[W (t;w)-U (t):| +
implying that the difference between the value ofking in a job paying¥ and the value of
working in a job payingw can be written as:

W—w
r+@+s’

W (7;W) =W (r;w) + 8

Combining workers’ value functions (6) and (7) delthe following differential

equation for the match surpl&t;w) =W (t;w)-U (t):

rs(t;w) =w-z—-(s+¢)S(t;w) +(p-ai(t))S(tw,)

-(1-a)A(t)S(t ;wa)+5[w, (9)
with solution:
S(t; W) - r \-ll-vg;fs
r (10)
+ s ;4_ S E[jtw e_.[t (r+A(x)+s)dx [(w“ al (T)) (WIr (Z') - Z) - (1— a)/] (Z’) (Wa (Z’) _ Z)] dr.

C. Wage determination.

The Nash rent-sharing condition implies that a waggotiated at time, w, (t) is set to

maximize:
(W (t:w) = ()] [3 (6w) -V (1), (11)
where S denotesorkers’ relative bargaining power. This implies

0J (t; w)
ow

oW (t; w)
ow

(1-8)

[W(tw (1))-U(t) ]+ B [I(tw (1))-V()]=0. @2



Value functions (3) and (7) impl9W (t;w)/dw=-0J (t;w)/dw, so that (12) can be

rewritten, using (4), as:

) _ (1_ a)(wa (t) ~W (t)) ’

r+@+s

S(t;w (1) = B| u(t (13)
where 3= p/(1-B) and u(t)=c(t)/q(t)+C(t). According to expression (4)u(t)
denotes the excess job value over outside optamtsjs thus related to the mark-up of wages
over outside options. The term {m, (t)-w; (t)) derives from ex-ante uncertainty about the

wage to be paid in a new job, whether it will bawin from the existing cross-section of
wages or newly-negotiated. A higher average wadeaes the value of creating a new job,

and, hence, must be offset by lower negotiated svagequilibrium. Combining (13) with

(10) evaluated atv, (t) implies that current wages are affected by exjpefiteure wages —

both average and newly-negotiated — and future ulabmarket conditions. Similarly,

expected future average wages are influenced hygissur market history.

D. Thereservation wage

Let p(t) denote the reservation wage at titpavhich satisfiesS(t;p(t)) =0. Using (8) we

can rewrite (13) as:
W, (t) = p(t)+ B(r +@+s) u(t) - B{1-a)[w, (1) -w (1) ]. (14)

Using (10), the reservation wage must satisfy:

p(t)=z+ E[J't‘” RNEEEE [(aA(7)-@)(w, (1) -2) +(1-a) A(r)(w, (r) - 2) ]dz,(15)

and is thus a function of future expected wageslamolur market conditions.
In a special case without renegotiation or discogn(r ==0), the reservation
wage in steady state is given by:
Z+Aw

0= (+9 =uz+(1-u)w, (16)




whereu=s/(s+A) denotes the steady-state unemployment rate. €hidtrstates that the
reservation wage is a weighted average of incomasd out of work, with the weight on the
wage given by the probability of being in employmen

For future use, it is helpful to differentiate (Msith respect to time, which leads to:

(r+A()+9) (o) -2) =& 221+ (@A ()~ (9)-2)+ () 2 (), (02 @)

E. The dynamics of wages

As all wages are renegotiated at ratethe law of motion for average wages can be writte

as:

aA(t)u(t)
1-u(t)

dw, _ A(t)u(t)
t

& 1-u(y +(0}(Wr -w,), (18)

o) o )=

whereu(t) is the unemployment rate at tinhe The first term in (18) reflects wage changes

from the inflow of new jobs (equal t® in steady-state) multiplied by the share of
negotiations in new jobs(), and the second term reflects wage changes fem@gotiations

in existing jobs. Expression (18) implies that terage wage rises whenever newly-
renegotiated wages are higher than average wages.

The endogenous variables in the model are the nemiggotiated wagew (t), the
average wagew, (t) , and the reservation wagp(t). Their equilibrium values are obtained
from equations (14), (17) and (18), as a functiblalbour market conditionsj(t) , which we
treat as exogenous. Shocks only affect wages esahvation wages vid(t), and further

structure on their nature is not needed.

3. ThePredicted Cyclicality of Wages

We derive model predictions for the cyclicalitywages and reservation wages, as measured
by their respective elasticity with respect to tuwerent unemployment rate. Predictions are
based on the assumption that variation in unempéogns driven by changes in job finding (
A), while job separationss( are held constant. We start with a comparisostedidy-states,

before considering the more general case in whbbur market conditions vary over time.
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A. A comparison of steady states

In steady-state labour market conditions are cohstad all wages, whether pre-existing or

newly-negotiated, are equal. Using (15), the stestdte reservation wage must satisfy:

_ A-¢
'O_Z+r+/1+s(w z). (19)

Substituting (19) into (14) and re-arranging letdthe steady-state wage equation:
w=z+B(r+A+s)u. (20)

Expression (20) illustrates how wages would comprate/o steady states that only differ in
the job finding rated and, hence, their unemployment rate.

There are two reasons why wages may be procycli€iedt, A is higher when
unemployment is lower. Secondly, the mark-ppmay be pro-cyclical. Using (13), this
happens, first, if there is a flow element to tlestoof filling vacancies ¢>0), which rises
when unemployment is low as vacancy durations (&dalls). Secondly, vacancy costs
themselves ¢ and C) may vary, and the literature often indexes themptoductivity
(Pissarides, 2000) or to the level of wages (Hage@md Manovskii, 2008, do both). In
either case the mark-up is pro-cyclical, in turceattuating the pro-cyclicality in wages. As
one of the aims of this paper is to show why ihasd for this type of model to generate the
modest observed level of wage cyclicality, we assumwhat follows that the mark-up is
acyclical. Most studies on the costs of fillindpgofind the fixed cost component to be more
important than the variable cost, so we assrd) and thatC does not vary with short-
term fluctuations in productivity and/or waged.hese assumptions imply constgint

Given steady-state unemployments s/ (s+ A), condition (20) yields a wage curve

relating wages to unemployment:

w:z+,5’,u(r+§j. (21)

® Of course, one has to assume that in the longheirvacancy cost is linked to productivity and/aiges as
otherwise long-run growth would make the vacanliingj costs less and less important.
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This wage curve is conceptually akin to a laboypby curve in a competitive model, in the
sense that demand shocks do not feature in theecbt drive movements along it. The
slope of (21) determines the relative response afjes and unemployment to shocks,
independent of their source or size, allowing uddoagnostic about the nature of demand
shocks and to evaluate model predictions withoutsagng thenf.

Differentiating (21) gives the elasticity of wagegh respect to the unemployment

rate across steady-states:

s
ru+s’

dinw__ Bu s __w-z s

dinu  1-Bwu w ru+5=_(1"7) (22)

where n=z/w is the replacement ratio. Becauseis substantially larger thamu for
conventional values of the interest ratiae s/ (ru+s) ratio is close to 1, implying that the

unemployment elasticity of wages should be closen® minus the replacement ratio. Using
the Blanchflower and Oswald (1994) benchmark edg@nmfar such elasticity of-0.1,
expression (23) requires a replacement ratid.®f, a value too high to be plausible, and
implying an excessive sensitivity of unemployment ¢hanges in the generosity of
unemployment insurance (Costain and Reiter, 2008ess the replacement ratio is assumed
to be extremely highthe canonical model would fail to fit the data kel

While a replacement ratio @1.9 is arguably implausible, it is not straightforwaod
obtain estimates of flow utility during unemploynbierencompassing unemployment
compensation and the utility of leisure while unémgpd, net of job search costs. The OECD
Benefits and Wages Statisti¢gtp://www.oecd.org/els/benefitsandwagesstatisttog. show

the proportion of net in-work income that is main& when a worker becomes unemployed,
by household composition and unemployment duratior2001, the overall average of this
ratio across worker types in the UK and West Gegmaas 0.42 and 0.63, respectively.
These estimates do not assign a value to the seledeisure time for the unemployed, and

there is considerable dispute about the size aed sign of this component. For example,

® The alternative, most common, approach focuseth®meduced-form response of wages and unemployment
to the (measured) average product of labour, wiicdssumed to be an exogenous shock. But, asspodnitt

by Rogerson and Shimer (2011), a drawback of thgaach is that a Cobb-Douglas production functidth
decreasing returns to labour would always delivepprtionality between average labour productiehd the
wage, though causation may run from the lattehéoformer.

” It may be argued that the unemployed have limitambss to credit so that the relevant interestfaatthem is

the one offered by payday lenders, which in the ili€urrently a monthly rate of 36%. This rate wterest
could explain why wages are not very responsivenmployment but, as we discuss later in the papauld

fail to explain why reservation wages are strorggiyrelated with expected wages.

8 For example, by assuming thais close tg, or that worker’s bargaining power is very small.
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empirical work on the determinants of individual IMeeing has identified a strong
detrimental impact of unemployment on subjectivelldveing, even conditional on
household income (see, among others, WinkelmannVdimtelmann, 1998; Clark, 2003;
Kassenboehmer Haisken-DeNew, 2009; Krueger andI&tu@012). This evidence points at
large non-pecuniary effects of unemployment, anglies that benefit-to-income ratios
would provide a rather generous upper bound fa teplacement ratios.

We cut through these debates by using informatioreservation wages and expected
wages upon reemployment, contained in the BHP &) fibich we obtain a direct estimate of

p/lw. Using (19),p/w is related to the replacement ratio according to:

P _ r+@+s
1-Z=(1- . 24
w ( ”)r+/l+s 24)

In the BHPS, reservation wages are on average 200rlthan expected reemployment

wages, i.e.o/w=0.8. As the duration of a wage contrdtt ¢) is typically longer than the
duration of a spell of unemployme(it/A), (24) implies an upper bound for the replacement
ratio of 0.8. And for realistic values of and ¢, the replacement ratio is considerably

lower.

We next turn to the cyclicality of the reservatisage. From (14):

alnpzv_valnw<alnw
dlnu  padlnu adlnu’

(25)

i.e. reservation wages are more strongly cyclitantwages, and the ratio between the

respective elasticities is given by/w=0.8. Thus reservation wages are expected to be

about 20% more cyclical than wages. Intuition foe excess cyclicality of reservation wages

can be gauged from the special casegp=0, represented by equation (16). In this case the

reservation wage has a cyclical component drivethbycyclicality of wages, and an extra
cyclical component that derives directly from threemployment rate.
B. Continuouswage re-negotiation

We relax the assumption of steady state, and censigt a special case with continuous
wage renegotiation (i.ep=o). In this case, equation (18) implies that newdgaotiated

wages and average wages are equal, and expre$8jora( be written as:

13



S(tw, (t)) = E[J:m gl s (w, (7)-2z)dr. (26)
Differentiating (26) gives:

ds(t;w, (t))

=~ (w (1) =2) (1 +4(0) +5) (e, (1) (27)

With continuous renegotiation, equation (13) impli constant surpluS(t;w, (t)) = Au.

Substituting this in (27) and re-arranging yields same wage equation as in the steady state,
(21), thus this version of the model clearly has shme difficulty as the steady-state model
in fitting the empirical evidence on the cyclicgldaf wages.

However, predictions about the level of reservatwages are different. When
@ - o, expression (15) impliep —» —o, i.e. workers would accept a job at any wage

because, with continuous renegotiation, they expagt accepted wage to be immediately

revised.

C. Occasional wage re-negotiation

We next relax the assumption of continuous renagoti. Workers (reasonably) expect that
their accepted wages would persist for a non-zemgth of time <o), and thus need to

form expectations about the dynamics of labour etacknditions, as the reservation wage is

forward-looking according to (17). We make the @iest assumption that the expected path

of A(t) follows the continuous time version of an AR(1pgess:

dA(t)

E([T]:—f()l (t)-47), (28)

where” denotes steady-state values a@hdepresents the rate of convergence to steady state
whereby loweré implies higher persistence.

The model is non-linear ir (t), and we linearize it around its steady-state iyt
and then derive wage responses to deviation’s(t))‘ from steady-state. These can be in turn

related to changes in the log of the current unegmpént rate. We can prove the following

Proposition about the cyclicality in wages and reston wages:

14



Proposition 1: If the mark-up is acyclical angg< oo :
(a) The cyclicality ofnewly-negotiated wages is

alnw, () (1=7")(r +p+s)(A+5+¢)(as+g+¢)

dlnu(t) (r+A +s){(as+¢+g‘)(r +(p+s+f)—(1—a)f[,[3(r + +s+f)‘A]}

(29)

(b) The cyclicality ofreservation wages is:

doIn p(t) r+A+s B(1-a)é |aInw, (t)
= 1- (30)
olnu(t) A-g+(r+e+s)n|  as+e+& | dinu(t)
(c) The cyclicality ofaverage wages is:
dlnw, (t) as+e Odlnw (t)
= (31)
dlnu(t) as+@+¢& dlnu(t)
(d) The cyclicality ofwagesin new jobs is:
olnw, (t) _as+ep+afdlinw, (t) _as+g+af dlnw,(t) (32)

olnu(t) as+e+é& alnu(t) as+@ 0dlnu(t)

Proof: See Appendix B, where we allow for the gahease of (pro)cyclica,u(t).

Results (29)-(32) provide insight on how and to wlextent infrequent wage
renegotiations and a backward looking componenvages may help reconcile theoretical
predictions with the modest cyclicality in observeages.

It has been argued that it is the cyclicality ofgea on new hires that matters for the
cyclical behaviour of unemployment and vacancieigll( 2005, Pissarides, 2009, Haefke,
Sonntag and Rens, 2008), and that wages on new &aiee more cyclical than wages on
existing jobs (see e.g. Devereux and Hart, 20()pression (32) delivers this result, and
implies that the predicted difference in wage wallty between new and continuing jobs
widens with the forward-looking component in wadesing a) and with the length of

labour contracts (fallingp), and shrinks with unemployment persistence (fglli€). In

particular, when unemployment is highly persistevdges in new and continuing jobs tend
to display similar degrees of cyclicality, indepentlof any backward-looking component in
wages or the length of labour contracts. In thisecalthough wages negotiated at different

points in time reflect labour market conditionsdéterent points in time, these are strongly
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serially correlated, and a regression of wages tregd in the past on current unemployment
alone would detect a significant relationship, waim elasticity not very different from that

detected for new jobslin the limiting caseé - 0, renegotiated wages, average wages and

wages in new jobs are equally cyclical, and (2)-i&ply:

dlnw, (t) _anw,(t) _anw (1) _ (1-7")(4 +s)
dlnu(t)  alnu(t) ainu(t) (r+4"+s)

=-(1-7), 39

where the approximation follows from— 0. This expression replicates result (22).
We next consider the special case in which thene isackward-looking element to
wage determinationd =1). In this case (29) can be written as:

olnw,(t) _alnw,(t) _ (1-7)(r +@+5) (A +5+¢)

dinu(t)  alnu(t)  (r+p+s+&)(r+A+s)

= },7*){1( ) }

prs+E)(A+9)

(34)

for r =0. As the expected duration of a wage contragtpgeally longer than the expected
duration of an unemployment spe@p$ 1), (34) predicts that newly-renegotiated wages are
more cyclical than in steady state (see (22)). Wag@ew jobs are more cyclical than wages
in existing jobs, but a high degree of unemploynparsistence implies that, quantitatively,
this difference is small (see (32)).

We finally consider the general case in which theyesome backward-looking
component to wagesn(<1) and a modest amount of unemployment persistefced(). In
general the cyclicality of wages in new hires rigéth both @ and ¢ . Intuitively, asa rises,

a smaller fraction of new hires are tied to old eggand at the same time old wages have a
weaker influence on newly-renegotiated wages, ategito (13).

To ease intuition for the general case, we obta@diptions from Proposition 1 for

plausible parameter values. We use benchmark vdtuethe UK, with an unemployment

rate of 7%, a separation rae=0.012% and a persistence parametée=0.003.° We

consider a monthly interest rate b 0.003, and an expected contract length of 12 months,

° Data for S and U are obtained from the Quarterly Labour Force Suifee the same sample period used in
Section 4. Together, they imply=s(1—-u)/u=0.17. { is estimated on a AR(1) model for the quarterly

series of unemployment. Flows are lower in the bU&ntin the US and unemployment persistence is highe
these are numbers different from those often uséle literature for the analysis of US data.
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thus ¢=0.0832. Finally we set the bargaining power of workersGat 0.05 (see estimates
reported by Manning, 2011, Table 4), and note ewidlly from expression (13) thg@ has

limited importance whenevesr is high, or newly-negotiated wages are close teraye
wages. For the value of the replacement ratio veeBISPS data on reservation wages and
expected wagesd/w [10.8) and compute the replacement ratio using cond{i2dr, which
yields 7 =0.69 at benchmark parameter values.

As we do not have direct information on the shdreeav matches that pay a newly-
negotiated wage, we obtain predictions for wage askrvation wage cyclicality for
alternative values ofr . These are plotted in panel A of Figure 1. Theljated elasticities of
newly-negotiated wages, wages in new jobs and geenages are relatively high, between
—0.27 and -0.3, and thus much higher than thé®.1 benchmark estimate advocated by
Blanchflower and Oswald (1994) and broadly repédain later studies. Moreover wage
elasticities are not very sensitive to the amounbackward-looking behaviour in wage
determination1—-a, as a consequence of high unemployment persist@iocguantitatively
illustrate the role played by unemployment persiste Panel B imposes a higher (and
unrealistic) value ofé =0.1. All predicted elasticities become more sensitivea, and
average wages become markedly more cyclical thayreegotiated wages.

The predicted cyclicality in reservation wages @ensiderably higher than all three
measures of wage cyclicality. For example, thetieiys of reservation wages with respect to
unemployment is about 20% higher than the elagtioft newly-negotiated wages, 25%
higher than the elasticity of average wages, amwden 20-25% higher than the elasticity of
wages in new job, depending @n. These predictions are quantitatively very clasehie
corresponding steady-state result represented fgitaan (25). This is again a consequence
of high unemployment persistence.

4. Empirical wage and reservation wage curves

A. Estimates of the wage curve

This Section contrasts predicted elasticities @eligmbove with empirical estimates of wage
and reservation wage cyclicality for the UK and iBany. We use British data from the
BHPS and West German data from the SOEP. Thesgo#indongitudinal studies, running
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from 1991 to 2009 and from 1984 to 2010, respelstivd he advantage of these data sets is
that they contain information on reservation wagesr a long period of time.

We first provide estimates of wage curves in linghwhe literature which gained
momentum with Blanchflower and Oswald (1994). Tieidal approach in this literature
regresses the (log of) hourly wages on the usuabfsendividual covariates and the (log)
unemployment rate or some alternative indicatothef business cycle. Blanchflower and
Oswald (1994) provide estimates of this specifaratfor several OECD countries, and
suggest a remarkably stable elasticity of real wagehe unemployment rate e0.1. Their
work has been extended to cover more recent USeewed by Devereux (2001), Hines,
Hoynes and Krueger (2001) and Blanchflower and Qb2005).

For the UK, Bell, Nickell and Quintini (2002) obtea short-run elasticity of wages to
unemployment in the UK arouneD.03, and long-run elasticities varying betweed.05 and
—0.13. Further work has found that the sensitivity ofges to unemployment in the UK has
increased over recent decades (Faggio and Nic&@ll5, and Gregg, Machin and Salgado,
2014), and that wages of job movers are more ptioeythan wages of stayers (Devereux
and Hart, 2006). For Germany, Blanchflower and &dw1994) provide estimates between
—0.01 and -0.02 using data from the International Social SurveggPamme, and Wagner
(1994) finds elasticities betwedh and —0.09 on the SOEP, and slightly higher estimates up
to —0.13 on data from the Institute for Employment Resedl8B). Baltagi, Blien and Wolf
(2009) estimate dynamic specifications on I1AB data find elasticities consistently lower
than —0.1. Ammermueller et al. (2010) use data from the Garmmicro census and suggest a
—0.03 upper bound for the elasticity in empirical speeifions close to ours.

Our empirical specification for the wage equatismni line with the wage bargaining
model of Section 2, and controls for the usual dgnahics that influence wages, as well as
a measure of the unemployment rate. Wage curwesaged for the US typically use the
state-level unemployment rate as the measure otyble, and include both year and state
fixed effects, identifying the elasticity of wag® tunemployment from within-region
deviations in unemployment from aggregate trendan@ard and Katz, 1992, Hines,
Hoynes and Krueger, 2001). However, this strategyt empirically feasible for the UK and
West Germany, where regional unemployment difféaéhtare highly persistent, making it
hard to identify any cyclicality in wages over aagbve unrestricted time and region effects.
As a result, our baseline specifications use natiamemployment as a business cycle

indicator, and we model underlying productivity wth by a linear or quadratic trend. We
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also present estimates based on regional unempidaynvhich typically deliver even lower
wage cyclicality, though the corresponding estimaiie not precise.

Our working sample includes all employees aged 3,6¥6th non-missing wage
information. Descriptive statistics for our wagengdes are reported in Table Al for both the
BHPS and the SOEP. Regression results for the @lp@sented in Table'dThe dependent
variable is the log hourly gross wage, deflatedths aggregate consumer price index. All
specifications control for individual charactemsti(gender, age, education, job tenure and
household composition) and region fixed-effects] standard errors are clustered at the year
level. Column 1 includes the (log of the) aggregatemployment rate and a linear trend, and
delivers an insignificant impact of unemployment wages. The unemployment effect
becomes significant in column 2, which includesuadratic trend. This better absorbs non
linearities in aggregate productivity growth, whityclical wage fluctuations are now
captured by the unemployment rate, with an elagtiof —0.16%. Column 3 introduces
individual fixed-effects, and the unemployment ataty stays virtually unchanged.

Columns 4 and 5 distinguish between wages on nelcantinuing jobs, by including
an interaction term between the unemployment rate an indicator for the current job
having started within the past year. In columnet¢hefficient on the interaction term implies
that newly-negotiated wages are 50% more cyclitah twages on continuing jobs, in line
with the hypothesis that wages are only infreqyerghegotiated. Note, however, that even
wages on continuing jobs significantly respondhte state of the business cycle, consistent
with some degree of on-the-job renegotiation. Bhiew job fixed effects are included in
column 5, the difference in cyclicality between alad continuing wages is much lower and
borderline significant. As the excess cyclicalitydolumn 5 is identified by unemployment
fluctuations within a job spell, and unemploymenhighly persistent, we likely lack power
to identify the effect of interest within job speliwhich are on average only observed over
2.6 waves. The alternative explanation is thai(pfeemanent) quality of newly-created jobs is
procyclical, and when such cyclicality is captut®djob fixed-effects the excess cyclicality
in newly-negotiated wages is much reduced (sedéeartd Trigari, 2009, for a similar result
for the US).

If wages are infrequently renegotiated, the unegrpknt rate at the start of a job is
expected to have a long-lasting impact on the wagk on the same job, over and above the

impact of current unemployment. This is testedalumn 6, which shows that both starting

19 Full regression results for the specification @luenn 2 in Table 1 are reported in Table A2.
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and current unemployment have a significant impactvages. Column 7 controls for both
current and lagged unemployment, and shows thgethgnemployment has a stronger bite
on wages than current unemployment. Column 8 clenfoo the lagged dependent variable,
which automatically restricts the sample to indbats continuously employed, and the
unemployment elasticity remains very close to tageline specification of column 3.

Other aggregate indicators like the output gapher autput growth rate have no
impact on wages, while the (log) labour marketthgiss has an impact on wages that is very
similar to the impact of the (log) aggregate uneaypient rate (results not reported). When
controlling for regional unemployment, specificatsothat also include a quadratic trend
deliver a negative and significant unemploymentstaddy, but its magnitude in all
specifications stays below0.1 in absolute value, as illustrated in Table A3. i&rty as for
aggregate wage curves, we do find evidence of excgslicality of wages on new jobs
(column 5), but this falls when job fixed-effectg antroduced (column 6).

The corresponding results for West Germany areepted in Table 2. The dependent
variable is the log monthly wage, deflated by tbasumer price index, and all regressions
control for the log of monthly hours worked. Thesusf monthly, as opposed to hourly,
wages is motivated by comparability with the reaibn wage regressions presented in the
next subsection, as information on reservation wagenly available at the monthly level.
The unemployment elasticity of wages in all jobsigrkedly lower than in UK estimates, in
line with previous estimates for Germany, and iy srgnificant for new matches (column 4)
or when lagged unemployment is used (column 7)leArcsimilarity between Germany and
the UK is that the unemployment elasticity of waggshigher for new hires than for
continuing jobs, but such difference becomes rgticant in Germany when controlling for
job fixed-effects (column 5). Estimates based ogiomal unemployment (Table A4) are
gualitatively similar to those reported in TabldoRf with smaller elasticities throughout.

To summarise evidence on the wage equation, ouysasalelivers elasticities of
wages with respect to unemployment betwe€hl and —-0.17 for the UK, and markedly
lower values (often non statistically significafdy West Germany. Overall, the estimates
obtained suggest that it is hard to align theoattjredictions represented in Figure 1,
suggesting wage elasticities betweeh27 and —0.3, with the empirical evidence on wage

elasticity, and this is the essence of the wageligy puzzle.

B. Estimates of the reservation wage curve
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Existing work on reservation wage cyclicality isast and its role in business cycle
fluctuations underexplored. An obvious reason Ifig gap in the literature is the scarcity of
reservation wage data. In the US, no data soursedifected reservation wage information
on a regular basis for a long period of tildut this is available in both the BHPS and the
SOEP.

In the BHPS respondents in each wave 1991-2008sked about the lowest weekly
take-home pay that they would consider acceptin@fwb, and about the hours they would
expect to work for this amountJsing answers to these questioves construct a measure of
the hourly net reservation wage, and deflate ingishe aggregate consumer price index. A
similar question is asked of SOEP respondentsliwmales since 1987, except 1990, 1991
and 1995. The reservation wage information is telitiin monthly term$ and is not
supplemented by information on expected hours, thpecifications for Germany use
monthly reservation wages as the dependent variabtecontrol for whether an individual is
looking for a full-time or part-time job, or a jai§ any duration.

The working sample includes all individuals witHarmation on reservation wages.
In the BHPS the question on reservation wages kedasf all individuals who are out of
work in the survey week and are actively seekingkvaw, if not actively seeking, would like
to have a regular job. In the SOEP the same quegti@asked of all individuals who are
currently out of work but contemplate going backvark in the future. Descriptive statistics
for the reservation wage samples are reported e TAL.

Theory implies that reservation wages should regdgorthree sets of variables. First,
as the reservation wage depends on expected whays, gEservation wage equations should
control for factors featuring in earnings functipnamely gender, human capital components,
regional and aggregate effects, as well as a meagworkers’ outside options, proxied by
the unemployment rate. As the duration of unemplkyraffects workers’ employability,
this should also be controlled for in reservaticages equations. Second, the reservation wage
responds to the probability of receiving a wagepfénd therefore to the unemployment rate.
Cyclical factors, as captured by the unemploymat#, rthus affect the reservation wage via

both the probability of receiving an offer and #gected wage offer. Third, the reservation

™ For the US, a handful of studies analyse resematiage data occasionally collected (Feldstein Roirba,
1984, Holzer, 1986a,b; Petterson, 1998, RyscavE#f8). In recent years the Survey of Unemployedkéts

in New Jersey has advanced the empirical studgsdrrvation wages (Krueger and Muller, 2011, 200262
Hall and Mueller, 2015) but these only cover a sph4 weeks. Early work on reservation wages fier K

has used cross-section survey data (Lancaster la@sh€r, 1983, Jones, 1988).

12 The actual question in German is “Wie hoch muskte Nettoverdienst mindestens sein, damit Sie eine
angebotene Stelle annehmen wirden? (im Monat)”.
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wage depends on the level of utility enjoyed wholet of work, which we proxy using
available measures of unemployment benefits andyf@mmposition.

The estimates for the UK reservation wage equadi@reported in Table 3. The
dependent variable is the log of the real hourBereation wage. All specifications control
for the same set of individual characteristics ag@vequations, having replaced job tenure
with the elapsed duration of a jobless spell, andHe amount of benefit income received. In
column 1 the state of the business cycle is cagtbyethe (log) national unemployment rate
and a linear trend is included. The unemploymerdffament is equal to—-0.09% and is
significant at the 5% level. Such elasticity rises-0.175 when a quadratic trend is included
in column 2, and very slightly declines when indival filed-effects are introduced in column
3. Column 4 controls for lagged unemployment, dmus that the main source of cyclicality
in the reservation wage is lagged rather than ntireemployment.

Similarly as for wage equations, alternative bussneycle indicators have no impact
on reservation wages, except the (log) labour matightness, which has an impact on
reservation wages that is very similar to the impdiche (log) aggregate unemployment rate
(results not reported). The results from regiomslervation wage equations are reported in
Table A5 and show that only when one controls fquadratic trend is the unemployment
elasticity significant, and again lagged unemplogtigas a stronger impact on reservation
wages than current unemployment. Overall, the ielpstof reservation wages to regional
unemployment is markedly lower than the elastiwiith respect to aggregate unemployment.

We estimate similar reservation wage specificatiforsWest Germany® and the
results are reported in Table 4. While the elastiof reservation wages with respect to
current unemployment is wrongly signed, the elésgtiof reservation wages with respect to
lagged unemployment has the expected sign and@ngisant. This result is also replicated
on estimates based on regional unemployment (dele A&)

From estimates of reservation wage equations weleda that there is fairly limited
cyclicality in reservation wages. The highest été#st estimate obtained across our
specifications is—0.17% (column 2 in Table 3), which is very similar tcetlsorresponding

average wage elasticity 6f0.16€ (column 2 in Table 1), and in-between estimatewaje

3 In Germany the duration of unemployment compeasas a nonlinear function of age and previous aloci
security contributions, which are potentially cdated to individual characteristics that also deiee wages.
We thus exploit nonlinearites in entitlement rutesobtain the number of months to benefit expirjjol is
used as an instrument for unemployment benefit§ahle 4 (in which age and months of social security
contributions feature linearly in all regressionslp instruments are required for the UK reservaticage
equations as the duration of benefits in the UKlésermined by job search behaviour rather thaniquev
employment history.
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elasticity in new matches—0.221 and —0.12€, obtained with ad without job fixed-effects,

respectively). These results are not consistenh witoretical predictions summarised in
Proposition 1, and shown graphically in Figuremplying that reservation wages should be
about 20-25% more cyclical than both average wagdsvages in new jobs.

C. Thequality of reservation wage data

One concern in the empirical analysis of reservatiages is that the reservation wage data
used may be poorly informative, hence the lack sfrang response to cyclical fluctuations.
However, it should be noted that the impact of numstariates considered on reservation
wages (e.g. age, education and gender) has thetedpgign and is precisely estimated, as
shown in Table A2. We further address concerns tath@uquality of reservation wage data
by investigating whether the correlation betweesereation wages and job search outcomes
has the sign predicted by search theory. Cetenioys, a higher reservation wage should
cause a higher remaining duration in unemploymedttagher entry wages upon job finding.

Table 5 illustrates the effect of reservation wageseach outcome for the UK.
Column 1 simply regresses an indicator of whetheoeker has found a job in the past year
on the reservation wage recorded at the beginnirigad year and a set of year and region
dummies. The impact of the reservation wage isuaily zero. This estimate is likely to be
upward biased due to omitted controls for workeititghas more able workers have both
higher reservation wages and are more likely td @mployment. Column 2 controls for the
usual individual covariates and the national une@ymplent rate, and indeed shows that,
conditional on such factors, workers with higheseration wages tend to experience
significantly longer unemployment spells. Columst®ws that this results is robust to the
introduction of individual fixed-effects.

Columns 4-6 show the impact of reservation wagewages for those who find jobs.
In column 4, which does not control for individuddaracteristics, the estimated elasticity of
reemployment wages with respect to reservation svégypositive and highly significant, but
likely to be upward biased by unobserved individaators that are associated to both higher
reservation wages and re-employment wages. Sudhiogha falls by about a quarter in
column 5, which controls for individual charactéds, and is further halved in column 6,
which controls for individual fixed-effects, butmains significant

Similar results for West Germany are presentedainld 6, and they are clearly in line

with the UK results, with the qualification thatetimegative impact of reservation wages on
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job-finding rates is stronger for West Germany tli@nthe UK. The conclusion from this
analysis is that the reservation wage data, thaugtoubtedly noisy, embody meaningful
information about job search behaviour, and therea particular reason to think that the
estimate of their cyclicality is seriously undethemted.

5. Alternativereservation wage models

The estimates of the previous Section have higtdagyltwo flaws in the canonical search
model. The first is the wage flexibility puzzle, reby wages — in new or continuing jobs —
are not as cyclical as the theory predicts for gilsle parameter values. Second, reservation
wages are not more cyclical than wages. We nexdider how the model may be extended
to better fit the evidence.
The model presented in Section 2 has two ingreslieffihe first is wage

determination, conditional on reservation wagesepsesented by equation (14). The second
is the determination of reservation wages, conaitiaon wages, as represented by equation

(15). To fix the second model flaw and raise thegyevalasticity relative to the reservation

wage elasticity, one could introduce a procyclicark-up ,u(t) in wage determination.

However, this would increase the predicted cydligadf wages and exacerbate the wage
flexibility puzzle. Thus we do not further pursugaages to the model of wage determination.
Instead we explore variations to the model of deteation of reservation wages, so as to
curb their predicted cyclicality.

To this purpose we derive the following resulttloe cyclicality of reservation wages,
conditional on the cyclicality in newly-renegotidte/ages:

Proposition 2: If the mark-up is acyclical angg< ,** the reservation wage equation (17)

implies the following relationship between the agality of reservation wages and the

cyclicality of newly-renegotiated wages:

. dnp(t) | . (1-a)A&|walnw(t) .. wo_
(r+/1 +S+€)—6Inu(t)_{A 7 ast@ré | g anu(t) (/] +s+5) > 1

(35)

Proof: See Appendix B.

4 The proof in the Appendix B allows for the genarase.
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If the interest rate is small anginw, (t)/dInu(t) =0, the elasticity of reservation wages

with respect to unemployment equalév / p -1). As BHPS data suggest / 0 -1=0.2,
Proposition 2 predicts as much or more cyclicalityeservation wages than we observe in
the data, even if wages in newly-negotiated jobs acyclical. The intuition is that,
independent of wage cyclicality, reservation wagespredicted to fall in a recession as the
chances of finding a job fall, making workers mbkely to accept low-wage jobs.

We next consider alternative models for the deteatnon of reservation wages — a
search model with the possibility of on-the-job reba a model in which workers use

hyperbolic discounting, and a model with referedependence in job search behaviour.

A. Thereservation wage with on-the-job search

Our baseline model assumes that only the unemplsgarth for jobs, while a fraction close
to half of new jobs are taken by workers currengiyployed (Manning, 2003). This
subsection considers how the reservation wageesed when both the unemployed and the
employed search for jobs. The analysis is condaliamn expected wages, without need to
specify the process for wage determination. Fop8city, we assume that the economy is in
steady-state, so wages and job offer arrival riadeemployed and unemployed jobseekers
are constant, and they will be denotedA5yand A", respectively.

Appendix C shows that, if the interest rate is $melhtive to transition rates, the

reservation wage approximately satisfies:
Ae
o= Z+(1‘U)[1‘FJ(WJZ), (36)

where w, denotes the average wage. Equation (16) is adpmade of (36) fon® =0.
According to (36), reservation wages are acychehénever the job arrival rates for

employed and unemployed workers are eqdal= A", as in this case the reservation wage

equals the flow of unemployment incom@=z (Burdett and Mortensen, 1998). Intuitively,

taking or leaving a job offer has no consequenoedguture job opportunities when arrival
rates are independent of one’s employment statasthee optimal search strategy consists in
accepting the first offer that offers a higher flawlity than one enjoys while unemployed. If

z is not cyclical, neither is the reservation wage.

25



While this seems an attractive path to reduce tloicality of reservation wages, it
has the less desirable consequence that the résarveage is independent of factors that
influence the distribution of wages. This prediantis strongly rejected by the data, as high-
wage workers tend to have relatively higher res@mavages. Detailed results reported in
Table A2 show that gender, age and education affeactes and reservation wages in the
same direction, thus the reservation wage is pesjtirelated to the wage that workers expect
to earn. Taken to (36), this result implies thitloe-job search is more effective than on-
the-job search, a conclusion that is also in linthwstructural estimates of labour market
transition rates.

In general, using (36), the reservation wage endsottie cyclicality in wages, plus a

further cyclical component represented @iy u)(1-A°/A"). The terml-u is clearly pro-
cyclical, but the cyclicality of1°/ A" is less clear. To provide evidence on the cytiticaf

A1 A", Appendix D shows that this ratio is positivelyated to fraction of new jobs filled
by previously employed workers, which can be diyesteasured on data on labour market
transitions. The two measures are related as the pftective on-the-job search, the higher
the fraction of jobs that are filled by someoneatty employed.

Using data from the UK Labour Force Survey, we slioat the fraction of new jobs

filled by previously employed workers, and thu /A", are countercyclical; and that
A1 A" <1 (about 0.6 at the mean unemployment rate). Thealr® <A°/A" <1 would
make reservation wages less cyclical than in tise edth A° =0, while the cyclicality of
A®1A"would make reservation wages more cyclical. Thetedateffect dominates

guantitatively, thus on-the-job search may not edhle puzzle of the modest cyclicality in

the reservation wage.

B. Reservation wages under hyperbolic discounting

The models so far considered have assumed thatidodis have rational expectations and
time-consistent preferences, but a growing bodyewtience casts doubt on both these
assumptions. In the area of job search, Spinng@id5) argues that the unemployed tend to
be overoptimistic about their job prospects, andlaD¥igna and Paserman (2005) and
Paserman (2008) show that hyperbolic discountirgylaaye effects on search intensity but
very small effects on the reservation wage. Theyndt investigate the implication of

hyperbolic discounting for the cyclicality of resation wages, but Appendix E below shows
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that hyperbolic discounting is not likely to haveportant consequences for the cyclicality of

the reservation wage.

C. Reference dependencein job search

In recent years reference-dependent preferencesdften featured in economic behavior in
general and labor supply modelling in particulage(Della Vigna 2009 for an extensive
survey and Farber, 2008, for an application to datagply), with the aim of explaining
observed deviations from the standard neoclassicdkl of individual decision making. The
central idea is one of loss aversion relative toesoeference status (Tversky and Kahneman,
1991), implying that changes in some relevant autedelow one’s reference point produce
greater utility losses than utility gains produdsdan equivalent change above it. In several
contexts, reference points are determined by bast personal experiences and peer
influences (Akerlof, 1980; Akerlof and Yellen, 19%lanchard and Katz, 1999).

The presence of reference dependence in job seastiaped for instance by one’s
previous employment history — would generate legdical reservation wages than the
canonical model, as long as reference points asedgclical than forward-looking variables
that feature in it (typically the probability ofaeiving an offer and the expected wage offer
distribution). Consider a worker who lost her jdlitee start of a recession. If she is adverse
to losses relative to her previous earnings stalsjahe may decide to attenuate such losses
by setting a reservation wage that exceeds thd thae she would set under neoclassical
preferences, rationalizing why reservation wageslavaot fall in a recession as much as the
canonical model would preditt.Closely related to our setting, Falk et al. (2086dw in a
laboratory experiment that past minimum wages #rat no longer in effect influence
reservation wages, making reservation wages ledgalthan in the standard search model.
Recently, Della Vigna et al. (2014) argue that adetmf reference-dependent job search,
with reference points represented by recent incomoes a better job than conventional
models at explaining the pattern of unemploymenitsexaround the time of benefit
exhaustion.

If past wages shape reference points, which in inftnence reservation wages, we
should observe a significant correlation betweest paages and reservation wages. While
such correlation is consistent with the existenferaference points, it is clearly also

consistent with alternative mechanisms. One passibhfounding factor is any direct link

15 See Genesove and Mayer (2001) for a similar agiidic to the housing market.
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between unemployment benefits and past wages, amployment income is a key

component of reservation wages in the canonicalaeindthis is the case for West Germany,
where benefit entittement is a function of age g@mevious social security contributions,

which are in turn directly linked to past wagespiying a positive correlation between past
and reservation wages, over and above the rolefefance points. By contrast, in the UK,
unemployment compensation is simply a functionamhify composition, and is not directly

linked to previous wages, making the UK an ideatecatudy for reference points in

reservation wages. We thus restrict the analysisfdtlows to the UK.

The second confounding factor is represented byserwed productivity components
of past wages, which are reflected in reservatiageg in the canonical model via their effect
on the wage offer distribution. Our approach cdssis isolating the component of past
wages that can be reasonably interpreted as resdsopposed to productivity — and observe
its correlation with reservation wages. A ratiowairker should not use past rents in forming
their current reservation wages (absent wealtrcesffevhich we do not find to be important),
whereas a worker who uses past wages as a refgreimtanight do so.

Let’s consider a simple empirical model for theargation wage:

In o, =B X, +BW + Bty 4 +&, (37)

where X, denotes observable characteristies, denotes worker ability, angds,_, denotes

the level of rents in the last job observedpgriods ago). The coefficient of interest/fs,

indicating whether rents lost with past jobs influe current reservation wages.

Let’'s assume the following model for the last okedrwage:
INW,_, =) X 4 +W + 4, +U,_, (38)
and let's imagine to simply regress the reservatiage on the last observed wage:
Inp, =5 X, +0,Inw,_, +¢&,. (39)

The OLS estimate fod, would capture the effect of both unobserved hegmeity and

rents on the reservation wage, and is possiblyhadted by the presence of measurement
error in past wages. Identification of the effettirderest would require an instrument that

represents a significant component of past rert#eweing orthogonal to worker ability.
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As a proxy for the size of rents in a given jobwse industry affiliation, in line with a
long-established literature concluding that partndér-industry wage differentials represent
rents (see the classic papers, Krueger and Sumaf88, and Gibbons and Katz, 1992; and
Benito, 2000, and Carruth, Collie and DickersonQ£0for British evidence). Specifically,
we use as an instrument for previous wages theigheed inter-industry wage differential
obtained on an administrative dataset, the AnnuaVvey of Hours and Earnings (ASHE),
whose sample size allows us to control for indusaffiliation at the 4-digit level.
Specifically, we estimate a log wage equation 8822009 on ASHE, controlling for 4-
digit industry effects, unrestricted age effectsgion, and individual fixed effects. The
inclusion of individual fixed effects allows us tapture the component of inter-industry
wage differentials that is uncorrelated to indiatunobservables, and is thus key to justify
our exclusion restriction. We then use the estichaelustry effects to construct predicted
industry-level wages, which we then match to irdiinl records in the BHPS, and use as an
instrument for last observed wages in reservatiagenegressions.

Having controlled for unobserved heterogeneityhie ¢onstruction of our instrument,
the exclusion restriction would still be violatedthe presence of wealth effects in job search
behaviour (see for example Shimer and Werning, 2@7a model of job search with asset
accumulation). Rents received in previous jobs @ddve an impact on asset accumulation,
which in turn affects worker utility during unemploent and reservation wages. This does
not seem to be a major issue in our working samplevhich more than three quarters of
unemployed workers have no capital income, andh@nat1% have capital income below
£100 per year, but in order to control for wealffeds, if any, we include indicators for
household assets and housing tenure in the estimegervation wage equations.

Past wages can be obtained for currently unemplogsgondents who had previous
employment spells over the BHPS sample perioditizse who are observed in employment
at any of the previous interview dates, we use erapbraneous information on their last
observed job. For those who are not observed inagment at any interview date, but had
between-interview employment spells, we use thetmexent retrospective information on
previous jobs. Retrospective employment informatign typically more limited than
contemporaneous information, and in particulaogsinot cover working hours. The analysis
that follows is thus entirely based on monthly wsaaged reservation wages.

Our results are reported in Table 7. Column 1 respOLS estimates of a reservation
wage equation for the UK, controlling for the ladiserved wage in the BHPS panel. The

sample is substantially smaller than the origirmathgle of Table 3, as for about 45% of the
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reservation wage sample we do not observe any qusvjob in the BHPS panel. The

coefficient on the wage in the last job is, unsisipgly, positive and highly significant. The

specification in column 2 introduces individual dokeffects, and the coefficient on the
lagged wage is markedly reduced, as part of theergbd association between current
reservation wages and past wages is driven by enadxs worker quality. Column 3 allows

for some gradual decay of the influence of pastesamn reservation wages, controlling for
the interaction between the past wage and the nuofbgears since it was observed. The
coefficient on the interaction term implies thag ithfluence of previous wage realizations on
current reservation wages should vanish about #syafter job loss, although this effect is
only significant at the 10% level.

Column 4 instruments the previous wage with it cemponent, as proxied by the 4-
digit industry level differential, and shows thhtst has a positive and significant impact on
the reservation wage, consistent with a model incliprevious rents affect workers’
reference points during job search. The IV coedfition the past wage is higher than the
OLS coefficient, due to the presence of transittomponents, (classical) measurement error,
and unobserved compensating differentials in tls¢ ddoserved wage (see also Manning,
2003, chapter 6). The specification in Column Sadtices individual fixed-effects, and the
coefficient of interest is now identified by thebssample of individuals with multiple
unemployment spells originating from different 4itindustries. Unlike in the OLS model,
the coefficient on the lagged wage remains vergeltm the one obtained without fixed-
effects in column 4. Once lagged wages are instnteaeby inter-industry wage differentials,
their impact on current wage aspirations is no ésrdyiven by unobserved ability. Indirectly,
this signals that unobserved ability is not drivihg (very disaggregate) industry allocation
of individuals, confirming the validity of the insiment. Column 6 finally allows for changes
in reference points over time, but the decay effegto longer significant. In summary, the
finding that evidence that rents in previous joffed reservation wages is not consistent
with the determination of reservation wages in¢aronical model, but is instead consistent
with a model in which reference wages influenceemestion wages and these reference
wages are, in part, influenced by past wages.

We next explore the ability of a model with refererdependent reservation wages to
explain the evidence on the (limited) cyclicalitfwages and reservation wages. We retain
the model for wage determination introduced in ®ac2, and combine it with a different
reservation wage model, in which reservation wagesa linear combination of the optimal

reservation wage derived in (15), which we will denbyp,(t), and a reference point which
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itself is a linear combination of the most recerdge, denoted bw,;(t) and an acyclical

componentk:
p(t)=a,p(t) +(1-a,)[aw (t) +(1-a)K], (40)

where a, captures forward-looking behaviour in reservaiages, andr, captures the role
of last observed wages in reference points. Lowgimplies stronger reference dependence

in reservation wages, and lowey implies lower cyclicality in reference points.

The way in which these elements influence the ptedicyclicality of wages is best
understood through simulation. Section 3 has shbema model predictions for cyclicality
are affected by varying persistence in wage seffamgl implicitly imposinga, =1), and
noted that while the predicted cyclicality fallstiviL— a , quantitatively this effect is small as
a consequence of high persistence in labour maedlitions. In Figure 2, we plot for

reference the relationship betwebna and the cyclicality in average wages @ =1 and

benchmark values of other parameters. This is theecdenoted “Persistence in Wages
Onlyﬂ.lG
We next consider the role of persistence in resenvawages, by plotting the

relationship betweeti—a, and the cyclicality in average wages, using theesaenchmark

parameter values described in Section 3C, and davied out persistence in wage setting (
a =1). We consider two casesy, =1 and a, =0, under the assumption that the last
observed wagew (t) is as cyclical as average wages. The main resultsaisbioth models

generate less cyclical wages than a model thaddates the same level of persistence in
wage setting. The reduction in cyclicality is clgagreater when the reference point in

reservation wages is assumed to be completelyiaay¢lr, = 0).
We consider whether there exists a combinationashmeter valuesaa ,,a,) that

would lead to predictions close to our empiricaldfngs. The data moments we use to nail
down the values of these three parameters areéhdi)coefficient on lagged wages in the
determination of reservation wageB8.15, from column 6 in Table 7); (ii) the elasticity of
wages with respect to unemploymerO(17, from column 3 of Table 1); (iii) the elasticity

of reservation wages with respect to unemploymeit 16, from column 3 of Table 3).

% This simply replicates, on a different scale, theve denoted “Average Wages” of Figure 1.
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Specifically, we imposél-a,)a, = 0.15, as(l-a,)a, is the coefficient on lagged wages in
the reservation wage equation (40), and then setenbinations of ¢,a,) that produce, in

correspondence of baseline parameters used ino8e8ti an elasticity of wages and
reservation wages with respect to unemployment iwitB.02 of -0.17 and -0.16,

respectively’’. Figure 3 then plots the values of,@,) that satisfy these criteria. Two clear
points emerge. First, only values @f, in the range0.47- 0.67 meet the above criteria and,
second, once, lies in this range, almost any value@fmeets the criteria.

This reinforces our earlier point that the degrédackward-looking behaviour in
wage-setting has virtually no bite on the prediatgdiicality of wages, while we note here
that this is instead quite sensitive to the extdridackward-looking behaviour in reservation
wages. A model in which between one third and aledf variation in reservation wages is
driven by backward-looking reference points is dblenatch well the observed cyclicality of
average wages and reservation wages and address (ard) reservation wage) flexibility

puzzles.

6. Conclusions

We use a canonical search model to derive a rakdtip between wages and unemployment
— the wage curve — which is plausibly unaffecteddbynand shocks. The slope of this curve
is an estimate of the relative variability of wagesl unemployment in response to demand
shocks. We show how the model can only explainntioelest pro-cyclicality of wages if
replacement ratios are implausibly high. The wé#ggribility puzzle persists even in the
presence of a backward-looking component in waderchenation, and if wages are only
infrequently renegotiated — unless unemploymentitmggausibly low persistence. A further
model prediction is that reservation wages showdniore strongly cyclical than wages,
because they embody cyclicality from both expecatetje offers and the probability of
receiving an offer.

We then investigate and reject model predictionsmgusnicro data on wages and
reservation wages for the UK and Germany, and nam& find that wages are only

moderately cyclical, and that reservation wagesratanore strongly cyclical than wages.

" The last part of Appendix B derives the equatifamghe cyclicality of actual and reservation wagésen the
model for reservation wages is given by (40).
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We argue that one source of both puzzles is plaugie model for the determination of
reservation wages, and consider alternative mothels would curb their cyclicality. In
particular, reference dependence in job searchvimiragenerates less cyclical reservation
wages than the canonical model, as long as referpoints are less cyclical than forward-
looking components of reservation wages such aartival rate of job offers.

We provide evidence that reservation wages sigmitlg respond to backward-looking
reference points, as proxied by rents earned imique jobs. In a model calibration we show
that backward-looking reference dependence in vaien wages markedly reduces the
predicted cyclicality of both wages and reservatMages for plausible parameter values and
can reconcile theoretical predictions of search amaiching models with the observed

cyclicality of wages and reservation wages.
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Tablel
Estimates of a Wage Equation for the UK, 1991-2009.

Dependent variable: log hourly wage

1 2 3 4 5 6 7 8
Log wage, lagged 0.102"
(0.046)
Log unemployment rate -0.022 -0.165° -0.169" -0.146" -0.110° -0.137" -0.022 -0.150°
(0.032) (0.044) (0.014) (0.011) (0.011)  (0.014) 0FB)  (0.009)
Log unemployment ratenew job -0.075"  -0.016
(0.008)  (0.009)
Log unemployment rate, at start of job -0.069"
(0.010)
Log unemployment rate, lagged -0.1137
(0.017)
Trend linear quadraticquadratic quadratic quadratic quadratic quadraticjuadratic
Individual fixed effects V v v v v
Job fixed effects \
Observations 96,270 96,270 92,381 92,381 77,854 91,713 70,438 ,0583
R-squared 0.397 0.397 0.268 0.269 0.117 0.270 0.748

Notes. See notes to Table Al for the sample us&ttn&tion method: OLS in columns 1-7; Arellano Bqt891) estimator for dynamic panel data modelsolamn 8. The
unemployment concept is national. All regressiotdude a gender dummy, age and its square, thig@aton dummies, a cubic trend in job tenure, amyrfor married,
the number of children in household, and eleveioreqummies. Regressions in columns 4 and 5 atdade a dummy for new job. Standard errors areelad at the year

level in columns 1 and 2, and using 2-way clustérust variance (Cameron and Miller, 2013) in colar@f8. Source: BHPS.
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Table2
Estimates of a Wage Equation for the West Ger many, 1984-2010

Dependent variable: Log monthly wage

1 2 3 4 5 6 7 8
Log wage, lagged 0.390"
(0.027)
Log unemployment rate 0.082 0.002 -0.028 -0.015 -0.005 -0.023 0.065 -0.015
(0.048)  (0.025)  (0.019)  (0.018)  (0.015)  (0.019) O0@B)  (0.030)
Log unemployment rate * new job -0.096" 0.034
(0.026)  (0.022)
Log unemployment rate, at start of job -0.011
(0.008)
Log unemployment rate, lagged -0.118"
(0.025)
Trend linear quadratic quadratic quadratic quadratquadratic quadratic quadratic
Individual fixed effects V V \ V \
Job fixed effects V
Observations 166,614 166,614 161,075 160,865 149,617 161,075 ,5294 101,526
R-squared 0.649 0.651 0.415 0.415 0.199 0.415 0.419

Notes. See notes to Table Al for the sample usatm&tion method: OLS in columns 1-7; Arellano Bda891) estimator for dynamic panel data modelsoinmn 8. All
regressions include log hours worked, a gender dyrage and its square, three education dummiaghia trend in job tenure, a dummy for married, nemdf children in
household, and eleven region dummies. Regressioc@umns 4 and 5 also include a dummy for new fibndard errors are clustered at the year levedlumns 1 and 2,
and using 2-way cluster-robust variance (CamerahMitier, 2013) in columns 3-8. Source: SOEP.
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Table3
Estimates of a Reservation Wage Equation for the UK, 1991-20009.

Dependent variable: log hourly reservation wage

1 2 3 4
Log unemployment rate -0.095°  -0.175  -0.164" 0.010
(0.046) (0.058) (0.040) (0.114)
Log unemployment rate, lagged -0.119
(0.079)
Trend linear quadratic quadratic  quadratic
Individual fixed-effects V V
Observations 14,874 14,874 10,774 10,774
R-squared 0.248 0.249 0.110 0.110

Notes. See notes to Table Al for the sample usstimi&tion method: OLS. The unemployment concept is
national. All regressions also include a gender miymage and its square, three education dummiespi&
trend in unemployment duration, a dummy for marrided number of children in the household, the dég
unemployment benefits, a dummy for receipt of hogdenefits, and eleven region dummies. Standaoaser
are clustered at the year level in columns 1 arah@,using 2-way cluster-robust variance (CamenshMiller,
2013) in columns 3 and 4. Source: BHPS.

Table4
Estimates of a Reservation Wage Equation for West Ger many, 1987-20009.

Dependent variable: log monthly reservation wage

1 2 4 5
Log unemployment rate 0.173 0.001 0.038 0.175
(0.070) (0.065) (0.054) (0.070)
Log unemployment rate, lagged -0.196"
(0.064)
Trend linear guadratic  quadratic  quadratic
Individual fixed-effects v v
Observations 11,221 11,221 7,911 7,911
R-squared 0.414 0.418 0.123 0.125

Notes. See notes to Table Al for the sample ussiim&tion method: V. All regressions also incliadgender
dummy, age and its square, three education dummiesbic trend in unemployment duration, a dummy fo
married, the number of children in the househdte, Ibg of unemployment benefits, a dummy for reiceip
housing benefits, controls for whether an individleoks for full-time, part-time or any job (the ded
category being “unsure about preferences”), momthssocial insurance contributions and eleven region
dummies. Unemployment benefits are instrumentedmmnths to benefit expiry. These are obtained by
exploiting benefit entittement rules, based on (immar) functions of age and previous social seguri
contributions. Standard errors are clustered ayéae level in columns 1 and 2, and using 2-wagtelurobust
variance (Cameron and Miller, 2013) in column 3 dn&ource: SOEP.

39



Table5
Reservation Wages, Post-Unemployment Wages and Job Finding Probabilities
in the UK, 1991-2009

Whether found job Log post-unemployment wage
1 2 3 4 5 6
Log reservation wage -0.001  -0.020  -0.020 0.436  0.312°  0.157
(0.008) (0.008) (0.011) (0.021) (0.036) (0.080)
Year dummies V V
Trend No quadratic quadratic no quadratic quadratic
Further controls v \ V V
Individual fixed-effects v v
Observations 15,278 14,701 10,642 2,685 2,594 602
R-squared 0.018 0.078 0.039 0.217 0.299 0.290

Notes. See notes to Table Al for the sample uskd.Wage measure is hourly. Estimation method: QALS.
specifications include eleven region dummies. Farrtontrols in columns 2, 3, 5 and 6 are a gendarnay,
age and its square, three education dummies, a tneloid in unemployment duration, a dummy for neat@and
the number of children in the household. Standam are clustered at the year level in column, 4, and 5;
and using 2-way cluster-robust variance (CamerahMilier, 2013) in columns 3 and 6. Source: BHPS.

Table 6
Reservation Wages, Post-Unemployment Wages and Job Finding Probabilities
in West Ger many, 1988-2010

Whether found job Log post-unemployment wage
1 2 3 4 5 6
Log reservation wage 0.033° -0.081" -0.100" 0.7377  0.391" 0.123
(0.007) (0.011) (0.016) (0.023) (0.034) (0.106)
Year dummies V V
Trend No guadratic quadratic no quadratic quadratic
Further controls V \ \ V
Individual fixed-effects \ V
Observations 11,534 11,534 8,156 2,984 2,984 755
R-squared 0.007 0.071 0.033 0.244 0.348 0.127

Notes. See notes to Table Al for the sample uskel vilage measure is monthly. Estimation method: GUS.
specifications include eleven region dummies. lamrtontrols in columns 2,3 5 and 6 are a gendemay age
and its square, three education dummies, a cubidtm unemployment duration, a dummy for marribe,
number of children in the household, whether arviddal looks for a full-time, part-time or any jofthe
omitted category is “unsure about preferencesgn@ard errors are clustered at the year levellummos 1, 2, 4
and 5; and using 2-way cluster-robust variance @amand Miller, 2013) in columns 3 and 6. SOURB®EP.
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Table7
Reservation wages and rentsin previousjobs. UK, 1991-2009.

Dependent variable: log monthly reservation wage
1 2 3 4 5 6
Estimation method OLS OLS OLS \Y v v

Last observed log wage 0.083"  0.033"  0.042"  0.133" 0.149 0.153"
(0.005)  (0.010) (0.011) (0.018) (0.063) (0.067)

Last observed log wage -0.011 -0.002
years since (0.006) (0.009)

Inter-industry wage

differential

Log unemployment rate  -0.183"  -0.173"  -0.174"  -0.159  -0.177  -0.166
(0.081)  (0.075)  (0.075)  (0.084)  (0.067)  (0.078)

Trend quadratic quadratic quadratic quadratic cutadr quadratic
Individual FE v V v v
Observations 8,091 5,737 5,737 7,732 5,520 5,520
R-squared 0.284 0.098 0.099

First stage, F-te$t 908.9 53.7 53.7
First stage, F-te$t 64.2

Notes. See notes to Table Al for the sample us#degdressions also include a gender dummy, ageitand
square, three education dummies, a cubic trengeimtimber of years since the last job was obseavddmmy
for married, the number of children in the housdhadhe log of unemployment benefits, three dumnides
capital income (0, <100£, 100£+ per year, whereetkeluded category is “don’t know”), three dummfes
housing tenure (owned with mortgage, local authoréinted, other rented, where the excluded category
outright owned) and eleven region dummikstruments used: predicted industry wage (4-digit) for previous
job (columns 4 and 5); predicted industry wage i@itdfor previous job and its interaction with ysasince
previous job (column 6§ denotes Sanderson and Windmeijer (2015) first-skaggatistic for the first equation
(last observed log wage) affidenotes the corresponding statistic for the se@apdhtion (last observed log
wageyears since observed). Standard errors are cldsarie year level in columns 1-2 and 4-5, andqu&r
way cluster-robust variance (Cameron and Milled, 20n columns 3 and 6. Source: BHPS.
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Figurel
Persistence in Wage-Setting and Predicted Wage Cyclicality

Pandl A: Realistic (High) Value of Unemployment Persistenc
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Notes. Figures plots (the absolute value of) ptedielasticities of wages and reservation wages
to unemployment, using results (29)-(32) of Sec8@h Parameter values used are as described ini$&8€.
Panel A assumes= 0.003, while Panel B assumés= 0.1.
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Figure2
Persistence in Reservation Wages and Predicted Wage Cyclicality
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Persistence in Reservation Wages Only - Model 1
— — — Persistence in Reservation Wages Only - Model 2
— — - Persistence in Wages Only

Notes: These are predictions from the model ofiSe&D. Parameter values used are described ino8e3C
and Section 5D.

Figure3
Parameter Valuesthat Explain Observed Cyclicality

Notes. The shaded region shows the combinatioms tfe probability of negotiating a new wage, and the
weight on the forward-looking reservation wage thetdict both a wage elasticity and a reservatiayev
elasticity within 0.04 of -0.166 for a predictednsiivity of the reservation wage to the lagged avég) —
a,)a,, equal to 0.15 (taken from column 6 of Table &). other parameter are set at baseline values.
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Appendix A: Additional Tablesand Figures

United Kingdom

West Germany

Wage sample

Reservation. wage

Wage sample

Reservation wage

sample sample
Variables: Mean St. dev. Mean St. dev. Mean St. dev. Mean St. dev.
Reservation wage 5.226 6.206 1180.366  703.219
Wage 9.866 6.203 2387.666 1898.023
Female 0.526 0.500 0.546 0.498 0.430 0.495 0.616 0.486
Age 38.106 11.691 34.666 14.024 39.039 11.644 33.289 11.316
Higher education 0.117 0.321 0.247 0.431 0.254 0.435 0.143 0.350
Upper secondary education 0.269 0.443 0.353 0.478 0.528 0.499 0.549 0.498
Lower secondary education 0.405 0.491 0.314 0.464 0.178 0.382 0.211 0.408
No qualifications 0.209 0.407 0.085 0.280 0.040 0.040 0.097 0.086
Married 0.717 0.451 0.514 0.500 0.657 0.475 0.559 0.497
No. Kids 0.686 0.965 0.917 1.168 0.730 0.990 1.027 1.120
Duration in current status (years) 4.880 5.969 384. 5.748 10.464 9.653 2.962 3.902
Benefits 276.414 318.201 255.835  448.710
Looking for full-time work 0.482 0.500
Looking for part-time work 0.382 0.486
Looking for either 0.109 0.312
Unsure about working hours 0.027 0.161
Social insurance contributions (months) 5.242 6.878
Months to benefit expiry 1.109 3.679
Entitled to unemployment benefits 0.196 0.397
Hours worked 38.495 12.680
Number of observations 96,270 14,874 166,614 11,221
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Notes. Samples include employees aged 16-65 withnmissing wage information (wage sample), and urieyagl jobseekers aged 18-65 with non-missing redienv
wage information (reservation wage sample). SoBe#S 1991-2009 and SOEP 1984-2010.
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Table A2. Detailed results on wage and reservation wage equations

United Kingdom

West Germany

1 2 3 4
Dependent variable: Log wage Log res wage Log wage Logres wage
Log aggregate unemployment rate -0.165" -0.175" 0.002 0.001
(0.044) (0.058) (0.025) (0.065)
Female -0.263" -0.102” -0.265" -0.188"
(0.009) (0.011) (0.015) (0.018)
Age 0.073" 0.033" 0.082" 0.018
(0.002) (0.002) (0.002) (0.003)
Agée? (/100) -0.084" -0.034” -0.009” -0.003"
(0.002) (0.002) (0.000) (0.000)
Lower secondary qualification 0.193" 0.068” 0.023" -0.016
(0.008) (0.009) (0.011) (0.024)
Upper secondary qualification 0.361" 0.157" 0.230” 0.093"
(0.007) (0.011) (0.015) (0.023)
Higher education 0.710" 0.352" 0.562" 0.276"
(0.004) (0.013) (0.019) (0.029)
Married 0.092" 0.042" 0.032" -0.038"
(0.006) (0.006) (0.003) (0.010)
No. kids in household -0.019” 0.018" -0.020” -0.006
(0.003) (0.004) (0.004) (0.005)
Duration in current status 0.018" -0.002 0.037 0.013
(years) (0.001) (0.002) (0.002) (0.005)
Duration in current statds -0.010" -0.001 -0.012" -0.014
(years/10) (0.001) (0.002) (0.001) (0.006)
Duration in current statis 0.017" 0.003 0.002 0.003"
(years/100) (0.002) (0.003) (0.000) (0.002)
Log(Unemp benefits + 1) 0.004 0.004
(0.001) (0.003)
Receives housing benefits 0.017 -0.075"
(0.008) (0.026)
Social insurance contributions (months) 0.005"
(years) (0.001)
Looking for full-time work 0.151"
(0.036)
Looking for part-time work -0.507"
(0.033)
Looking for any hours -0.051
(0.031)
Log hours worked 0.912"
(0.042)
Year -0.009 0.004 0.022 0.027"
(0.007) (0.007) (0.002) (0.008)
(Year-1990j 0.001™ 0.001" -0.696" -1.003"
(0.000) (0.000) (0.078) (0.253)
Observations 96,270 14,847 166,614 11,221
R-squared 0.397 0.249 0.605 0.359

for the UK and West Ger many

Notes. See notes to Table Al for sample used. Tdgevwneasure is hourly for the UK and monthly forstve
Germany. All regressions include region dummiean8ard errors are clustered at the year level.ceo®&HPS

1991-2009

and
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Table A3: Estimates of a Wage Equation for the UK, 1991-2009.
Further estimates with regional controls.

Dependent variable: Log hourly wage
1 2 3 4 5 6 7 8 9

Log hourly wage, lagged 0.073
(0.052)

Log regional unemployment rate 0.010 -0.009  -0.0360.053" -0.044" -0.042" -0.039° -0.010 -0.058
(0.010) (0.022) (0.019) (0.007) (0.006) (0.006) OQF) (0.008)  (0.022)

Log regional unemployment rate -0.032"  -0.011

" new job (0.006)  (0.006)

Log regional unemployment rate, -0.084"

at start of job (0.010)

Log regional unemployment rate, -0.060"

lagged (0.007)

Trend no linear quadratic quadratic quadratiquadratic quadratic quadratic quadratic
Year dummies V

Individual fixed effects V V V \ \
Job fixed effects \

Observations 96,269 96,269 96,269 92,380 92,380 77,854 91,712 ,3802 53,054
R-squared 0.399 0.397 0.397 0.267 0.267 0.116 0.269 0.267

Notes. See notes to Table Al for sample. Estimati@thod: OLS in columns 1-8; Arellano Bond (199%)ireator for dynamic panel data models in columrAB.
regressions include a gender dummy, age and iegsgtnree education dummies, a cubic trend irtgabre, a dummy for married, the number of childrethe household
and eleven region dummies. Standard errors aréechabat the regiogear level in column 1; at the year level in colsn®hand 3; and using 2-way cluster-robust variance
(Cameron and Miller, 2013) in columns 4-9. SouRdPS.
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Table A4: Estimates of a Wage Equation for West Ger many, 1984-2010.
Further estimateswith regional controls

Dependent variable: log monthly wage
1 2 3 4 5 6 7 8 9

Log monthly wage, lagged 0.390"
(0.027)

Log regional unemployment rate  -0.033 0.015 0.006 -0.008  -0.003 0.001 -0.009  0.046 -0.004
(0.016)  (0.026)  (0.023) (0.015) (0.014) (0.011) Of®) (0.015) (0.016)

Log regional unemployment rate -0.039"  -0.011

" new job (0.013)  (0.011)

Log regional unemployment rate -0.013

at start of job (0.009)

Log regional unemployment rate, -0.074

lagged (0.011)

Trend no linear quadratic quadratic quadratic quadratic quadratic quadratic quadratic
Year dummies V

Individual fixed effects v v v v v

Job fixed effects \

Observations 166,614 166,614 166,614 161,075 160,865 149,617 ,24%7 144,513 101,526
R-squared 0.652 0.649 0.651 0.414 0.415 0.199 0.422 0.419

Notes. All regressions include a gender dummy,aagkits square, three education dummies, a cudicl tin job tenure, a dummy for married, the nundderhildren in the
household, log hours worked and eleven region dwsnitstimates in column 9 are obtained using thelakro Bond (1991) estimator for dynamic panel datadels
Standard errors are clustered at the regigar level in column 1; at the year level in colen®hand 3; and using 2-way cluster-robust varig@a@aneron and Miller, 2013)

in columns 4-9. Source: SOEP.

48



Table A5: Estimates of a Reservation Wage Equation for the UK, 1991-2009.
Further estimateswith regional controls.

Dependent variable: Log hourly reservation wage
1 2 3 4 5
Log regional unemployment rate 0.007 -0.047  -0.054-0.034  0.048
(0.025) (0.031) (0.028) (0.023) (0.030)

Log regional unemployment rate, -0.106"
lagged (0.027)
Trend no linear Quadrati quadrati quadratic
Year dummies V

Individual fixed-effects V \
Observations 14,873 14,873 14,873 10,774 10,774
R-squared 0.252 0.247 0.247 0.109 0.111

Notes. See notes to Table Al for the sample usstim&tion method: OLS. All regressions also inclade
gender dummy, age and its square, three educatiomiks, a cubic trend in unemployment durationmy
for married, the number of children in the housdhthe log of unemployment benefits, a dummy faeigt of
housing benefits, and eleven region dummies. Stdretaors are clustered at the year*region l@veblumn
1, at the year level in columns 2 and 3, and ugiwgpy cluster-robust variance (Cameron and Milk]13) in
columns 4 and 5. Source: BHPS.

Table A6: Estimates of a Reservation Wage Equation for West Ger many.
Further estimateswith regional controls

Dependent variable: Log monthly reservation wage
1 2 3 4 5

Log regional unemployment rate -0.079 0.028 0.018 0.034 0.116
(0.043) (0.044) (0.028) (0.023) (0.029)

Log regional unemployment rate, -0.113"7
lagged (0.032)
Trend no linear guadratic quadratic quadratic
Year dummies V

Individual fixed-effects V \
Observations 11,221 11,221 11,221 7,911 7,911
R-squared 0.421 0.413 0.418 0.124 0.125

Notes. See notes to Table Al for the sample usatém&tion method: IV. All regressions also incluagender
dummy, age and its square, three education dummiespic trend in unemployment duration, a dumnty fo
married, the number of children in the househdié, Ibg of unemployment benefits, a dummy for receip
housing benefits, controls for whether an individlemks for full-time, part-time or any job (the died
category being “unsure about preferences”), mormthssocial insurance contributions and eleven region
dummies. Unemployment benefits are instrumentes,nedes to Table 4. Standard errors are clustdréiea
year) level in columns 1-3, and using 2-way clustérust variance (Cameron and Miller, 2013) in ouhs 4
and 5. Source: SOEP.
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Appendix B: Proof of Propositions 1 and 2

We start by stating some useful results:
Result 1:

E (@A) =6 (1) | 1 |1 (41)
This follows from (28), and holds for anfy higher or lower thar.

Result 2:

Linearizing the model around the steady-state, aveexpress any model variabtét) as:

x(t)-x =8, (A(t)-4). (42)
Combining (42) and (28) gives:

E(dx At j ea[ |/1 j -£6,(A(t)-1") (43)
for forward-looking variables, and:
E(dx At j ea( |;| j £6,(A(t)-1") (44)

for backward-looking variables. Note that, for baekd-looking variables, past realizations

of A would have an explanatory power independenﬂl((b).

Result 3: The sensitivity of the (log) unemployment rate/\((b) is given by:

dinu(t) . 1
dA(t) A +s+&’ (49)
Proof: The unemployment rate follows the differah&équation:
S0~ sfa-u() -A(0)u(o), (46)
which can be linearized around the steady-stayeesta:
By 9 (u(t)-u)-u (A{)-1). a7)

dt
Using (42) and (44) (as unemployment is a backJua@olling variable), (47) can be written

as@ =—U /(X +s+&) , which implies (45).
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Result 3 is useful because we are ultimately istecein the elasticity of relevant

wage measures with respect to the log of unemplaymdsing (45) we can convert the

sensitivity of any model variable t.d)(t) into an unemployment elasticity.

Result 4: The cyclicality of average wages

Linearizing (18) around steady-state gives:

- X au’ (w' -w,
d;/\t/a =—(Ci's+(0)[(wa—wa )_(Wr —w )]4_ u (1viu w )

where the second term is zero because re-negotiedgds are equal to average wages in

(A(t)-2), @8

steady state. As the average wage is a backwakihlp variable we the can then derive:

as+
g, =% g (49)
aste+s
i.e. average wages are less cyclical than newlptegd wages unless there is continual

wage re-negotiationg= « ) or unemployment is fully persistenf£0).

Result 5: The cyclicality of newly-negotiated wages

The linearized version of (14) can be written as:

6, =6, +B(r+p+5s)6, —,3(1—67)(5’Wa _ew,)
v (50
-6 + 6,-B(1-a)(a, -6,).

o 0

in which we allow for cyclicality in the mark-upNote that this is only valid fop<w, as

(14) shows that the gap between a newly-negotiatege and the reservation wage goes to
infinity as ¢ - «, making the derivative in (50) ill-defined. Usif¢P) we can eIiminateQWa
from (50) and re-arrange to obtain:

which can be expressed in elasticity form:

_B-a)&\amw (t) _p alnp(t) (,_p \9Inu(t)
Ll as+ga+£] dinu(t) _%alnu(t) (1 5/] '

(52)

Result 6: The cyclicality of reservation wages

The linearized version of (17) can be written as:
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£ Y20~ (147 +5)(ol0) 5 )~ (ah -0} (e () -/ ) -
() A (w, (1) -w, ) +(6 —wi )(A(t)-1).
As the reservation wage is forward-looking, fror3)(&e can derive:
(r +A +s+5)0p :(a/Y —ga)é?wr +(1-a)X e, +(V\7 -p ) (54)

Expressions (49), (50) and (54) — together with) (6hjive a set of linear equations for the

elasticity of wages and reservation wages with gespo unemployment, as a function of

model parameters. Finally, using (49) to eliminégg from (54) yields:

. . -a)A . .
(o +s+6)6,=[ 1 -0~ Lo+ -5) =)

Proof of Proposition 1a
Solving (51) and (55) leads to:

(W* _p*)(as+¢+§){(r + +s+§)9’1+1}
6 = H . (56)
Y (astr&)(r+prs+é)-(1-a)é[ B(r+A+s+E)-A]

Using (24) this can be expressed in elasticity form:

g (NP nd) rsea)-reavsr o)

olnu(t)  (r+/ +s){(as+¢)+{)(r +¢7+S+<‘)—(1—a')5[,é(r + +S+§()_/]:|} -(57)

Setting 8, =0 yields (29).

Proof of Proposition 1b
Solving (51) and (55) leads to:

(=) [(as o+ £)1-0)- At -0) ) % +[(asvoe) - A -a) ]
%= (as+qo+é')(r+(p+s+£)—(1—a)é'[,é(r+/1+s+é')—/1] '

(58)

Expressing this in elasticity form and setti@g=0 yields (30).

Proof of Propositon 1c

This follows directly from (49).
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Proof of Propositon 1d

This follows directly from (49) and the fact thabges in new jobs are equal Y§ with

probability & and W, with probabilityl-a .

Proof of Proposition 2

This follows directly from (55).

Appendix C: Predicted Cyclicality with a Backward-Looking Reservation Wage
Equation

This section presents the equations for the predlictyclicality in wages and reservation
wages for the model of section 5D with backwardklog reservation wages (40). Equations
(31) and (32) for the cyclicality of average wagmsd wages in new jobs still hold,
conditional on the cyclicality of wages in newlyasgjotiated jobs. Equation (50) also holds,
conditional on the cyclicality in reservation wagelquation (55) for the cyclicality in the
forward-looking part of the reservation wage holldst this is no longer the same as the

cyclicality in the actual reservation wage. We aoum to user to denote the sensitivity of

the actual reservation wage to deviationsAof from steady-state but now u% for the

sensitivity of the forward-looking reservation watgedeviations ofA from steady-state so

that (55) can be written as:

(rea +s+¢)e, P ¢’%}3 #(w -p). (59)
Using (40), the following condition must hold:

6,=a,0, +(1—ap)crr6’vw , (60)
whereézY is the sensitivity of the lagged wage to deviaiofiA from steady-state. For the

lagged wage we assume this is the average prewagse among the unemployed. This

implies that the evolution of the lagged wage niokbdw the following dynamics:

dw, _ s[1-u(t)]
dt  u(t) (e, ~w) (1)

Linearizing (61) around the steady-state gives:

%:—A*[(w,—vv,*)—(wa—WJ)]-M(A(Q—A*), (62)

53



where the second term is zero because past wages|aal to average wages in steady state.
As the past wage is a backward-looking variablgheecan derive:
A A ast
6= 0= el
A+ A+Sasterd

Where the final term comes from (49). Substitutj6g) into (60) then gives an expression

(63)

for 8, as a function oﬁv.

Appendix D: Thereservation wage with on-the-job search

Derivation of expression (36)

Arrival rates for the employed and the unemployesidenoted byi®and A", respectively,

and both depend on labour market tightness, andatiesponding value functions are given
by:

rW (w) =w-s[W(w)-U ] +/16JW[W (%) =W (w)]dF (x), (64)
and

rU =z+2*[ [W(x)-U]dF (w), (65)
respectively. The reservation wage satisﬂ\éép) =U , and can be expressed as:

o= z+(/]” —/]e)‘[p[w(w)—u}dl: (w)
1-F(w) (66)

= z+(ﬂu _/]e)J‘pr +s+2°[1-F (w)]

where the second equality follows from integratiorby parts, given

W'(W):{r+s+/]e[1—F(w)]}_1. The possibility of search on-the-job implies tthhe
distribution of wages across worker§(W) differs from the distribution of wage offers
F(w) and it can be shown (Burdett and Mortensen, 18g8)the two are related by:

1-F(w) s+A°[1-F(p)] |

O S eRW] T F (o ©7
Using (63) and the approximatior O, (66) can be written as:
A" =A%) 1-F A" =A%) 1-F
Io:Z+( I (p)]jp[l—e(w)]dw:H( I (p)](wa—,o). (68)

s+1°[1-F(p) ]

Re-arranging gives:

s+1°[1-F(p) ]
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I EON Pt Ry e
s+1'[1-F(p)] '

(69)

The unemployment rate is given by=S/[S+A"(1—F(0)], and substituting this in (69)
gives (36).

The fraction of jobs filled by the currently employed

We obtain evidence on the fraction of workers whe recruited from previous jobs (which

we will denote by¢ ) from the UK Quarterly Labour Force Survey, loakiat the previous

quarter's employment status of newly-hired work&m®uring 1993-2012, this fraction is on

average 60.1%. Regressions/fon the unemployment show théat is pro-cyclical, with a

slope coefficient on unemployment of approximatelyesults reported in Table D1).

We next consider the relationship betwegn and A°/A" in a search model with
permanent wage dispersion. Denote Wby the position of a firm in the wage offer

distribution. The fraction of workers employedfims at or below positionf satisfies:
[s+A°(1- )]G (f)(1-u)=A"uf, (70)
which simply equates flows into and out of firmsyipg f or below. Re-arranging and

usingU=s/(s+A") gives:

sf
G\f)=——F—— 71
( ) S+Ae(1_ f) ( )
Total recruits to a firm at positiot , R(f), are given by:
R(f)=Au+A°(1-u)G(f)=A_ _S*A (72)

Cs+1" s+A°(1-f)

and total recruits in the economy are given by:

R=["R(f)df =

s/ s+ _sAY s+ A ln(s+/1 j (73)

s+A" s+A°(1-f) s+A" A°
As the total recruits from unemployment are givenAu, this implies that the fraction of

recruits from non-employment-¢, is given by:

18 We do not adjust this statistic for time aggregatiso it may be possible that a worker in emplayintkis
quarter and 3 quarters ago has had an intervergrigdpof non-employment. Given the outflow ratesnt
unemployment in the UK this makes little differerioghe computations.
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A¢ 3 A1 A" 74
(s+/le)ln 5+/ u +/]— In 1+/]—1_—u
S 1-u A" A u

Using (74), an average unemployment rate in theolé 1993-2012 of 6.8% and an average

1-¢ =

¢ of 60.1% implyA°/ A" =0.612. As expected1-¢ is increasing in the unemployment rate
and decreasing im°*/A". Thus (74) implies an inverse relationship betwegn and
unemployment even if2*/A* does not vary with the cycle. But the strengthttee
relationship betweeg andLl shown in Table D1 is weaker than we would expexnf(74)

if 2°/)" were acyclical. This implies that, &gises, so doeg°/A". The estimates in Table
D1 imply A¢/ 2" =0.726 for u=0.01 and A°/ A" =0.443 for u=0.04. According to (36), this

mechanisms acts to make the reservation wage ewea sensitive to the unemployment

rate.

TableD1
The Cyclicality in the Fraction of New Hiresfrom Previously Jobs

Dependent variable: Fraction of new hires fronvjmes jobs

Unemployment rate -1.51 -1.917 -1.02 -0.97
(0.065) (0.076) (0.081) (0.195)
Region effects No yes No yes
Year effects No no Yes yes
R squared 0.57 0.69 0.67 0.75
No. observations 416 416 416 416

Notes: Each observation is a region-year cell, @lhdegressions are weighted by cell size. Cellsedaon less
than 50 observations are omitted. Sample peric@i3®12. Source: UK LFS.

Appendix E: The reservation wage with hyperbolic discounting

We next consider how the presence of hyperbolicadisting may affect reservation wages
(see also Della Vigna and Paserman, 2005, Paser2®8) and, to stay close to our
benchmark framework, we use the continuous timesioer of hyperbolic discounting

developed by Harris and Laibson (2013). Consideratrrival rate of a shock — here denoted
by o — which turns one into a person (the future selfp one cares less about the future

than one’s current self. The weight attached to ftitare self is denoted by . The

expectation is that the future self is a straightBrd exponential discounter. The value

function for being employed (7) is now modified to:
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I’W(W)ZW—S[W(W)—UJ+5[I/IV\~/(W) —W(w)], (75)
whereW(W) Is the value of being employed for the future mgperbolic self, given by (7):
rwW (w) =W—S[VV(W)—U]. (76)
The value function for the unemployed can simildodywritten as:
rU=z+A(W-U)+5(pd -U), (77)

whereU is given by (6). Thus:

W-U = r :V.;rz/l (78)
and:
=2+ 22 (79)
r+s+A

From (75) and (77) one can then derive:

_ (W—Z)+5[ﬂ(V\~/—U~)-

W-U = (80)
r+s+A+0
Using (80), (77) and (78) one can, after some rargiement, derive:
Rl Z+/1(w—z)[r(r +Ss+A+ Y )+ oy (r+s+A +5)]' 81)
r+9 (r+s+A)(r+s+A+9)(r+9)
The reservation wageg , must satisfyw (p) = U . Using (75), this implies:
ru :p+5[z//V\7(p)—U]. (82)
Using (76) we obtain:
. +4J
(h) == (83)
r+s

Combining (82) and (83) leads to the following eegsion for the reservation wage:

_(r+s)(r+o)u -aysu
P st vy

Substituting this into (81) and (79) and re-arragdeads to the following expression:

A(w—z)( ts & ]M

r+s+Alr+s+A+9 r+s+A+dy r+s+A’

p=z+

The inequality shows that hyperbolic discountirg X lowers the reservation wage, and it
reduces the weight on the wage in the determinatidhe reservation wage. Both results are
intuitive as hyperbolic discounting makes an indjal more present-oriented. The reduced

57



weight on the wage makes the reservation wagesksssitive to the unemployment rate, but
at the same time makes wages and reservation wesgestrongly correlated.

In the calibration of Harris and Laibson (2012)72/3 (at the annual levely >12.
In this case the reservation wage is very close,tclearly making the reservation wage
insensitive to unemployment, but at the cost of ingkt insensitive to the expected wage,

while Table A2 shows that wages and reservationewagspond in very similar ways to
most covariates considered.
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