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The recovery of 2013 that followed the United Kingdom’s
Great Recession featured a rapid fall in unemployment but
stagnant wage growth. Did the wage Phillips curve break
down? These dynamics have two main candidate explanations:
declining labor frictions, meaning lower unemployment with-
out increasing wage growth; or a demand recovery accompa-
nied by weak productivity, meaning unemployment fell but
equilibrium wage growth remained low. This paper investigates
using an estimated New Keynesian model featuring unemploy-
ment. The data favor a mix of explanations, but with the
balance of evidence favoring the second. A demand recovery
reduced unemployment, but wages are likely to have remained
weak mainly because of poor productivity.

JEL Codes: E23, E32.

1. Introduction

The United Kingdom’s recovery following the global financial cri-
sis featured two notable labor market “puzzles.” From around the
middle of 2013, unemployment fell rapidly—faster than would be
implied by GDP growth—from 7.8 percent (2013:Q2) to 6.3 percent
a year later, to around its pre-crisis average by the end of 2015, and
to historically low levels by the end of 2017 (figure 1). At the same
time, wage growth remained weak by past standards—weaker than
would have been implied by the unemployment rate alone. Annual
private-sector regular pay growth rose from around 1.0 percent in
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Figure 1. Wage Growth Weak Throughout the Recovery
While Unemployment Fell Rapidly from 2013

Source: Office for National Statistics.

2013 to 2.9 percent in 2015, before declining to 2.7 percent in 2016
and 2.3 percent in 2017. At the end of 2017, private-sector regular
pay growth was around 2.6 percent, a shortfall of around 1.5 per-
centage points below its pre-crisis average, despite a return to low
rates of unemployment.

Why did unemployment fall so rapidly without a corresponding
rise in wage growth? There are two broad candidate explanations.
First, it could be that declining labor market frictions meant unem-
ployment could fall without upward pressure on wages. In other
words, the natural rate of unemployment, having risen, could have
taken a downward path in tandem with measured unemployment.
The result would have been a lingering output gap and a lack of infla-
tionary pressure. Alternatively, it could be that the fall in unemploy-
ment actually represented a strong recovery in aggregate demand
and a closing output gap. In this case, weak wage growth would have
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to be explained by some other factor. A key candidate would be weak
productivity. Reduced-form explanations, like simple Okun’s law or
wage Phillips curve relationships, are not much help in distinguishing
these deeper causes. Yet shedding light on this issue has important
implications, especially for monetary policy. If weak wage growth is
thought to reflect poor productivity growth, this would have conse-
quences that are less disinflationary, at the margin, than the case in
which weak wage growth reflects large declines in the natural rate
of unemployment, which would imply a continued margin of excess
capacity in the economy, all else equal.

To investigate, I construct a New Keynesian model featuring
unemployment, as in Gaĺı (2011), and estimate it on six U.K. macro-
economic time series using data from the inflation-targeting era. In
the baseline model, six structural shocks determine the dynamics of
output, inflation, the policy rate, employment, unemployment, and
wage growth. They suggest that the primary cause of the rapid fall
in unemployment from 2013 was a recovery in demand—or, rather,
a fading of past demand headwinds. This was accompanied by a
more modest, though still notable, contribution from falling labor
market frictions, and a falling natural rate of unemployment in par-
ticular. At the same time, wage growth remained weak primarily
because of weak productivity, which also dragged on GDP. This
squares the circle between rapidly falling unemployment given GDP
growth on the one hand, and subdued wage growth given rapidly
falling unemployment on the other.

Conditioning on the model’s structural shocks reveals the shape
of the United Kingdom’s wage Phillips curve. The model illustrates
how the search for such a relationship can be confounded when
there are significant supply-side disturbances, particularly to price
markups and to the natural rate of unemployment. So although the
failure of wage growth to accelerate as unemployment fell quickly
after 2013 seems, on the face of it, inconsistent with the wage Phillips
curve, a sufficiently structural perspective suggests the relationship
is, in fact, alive and well. This is worth emphasizing in the context
of a search, post-crisis, for a stable Phillips-curve relationship in the
face of what the International Monetary Fund (2013) described as
the “missing disinflation.”

We examine the robustness of the explanations for weak wage
growth suggested by the baseline model to a series of alternative
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modeling assumptions. The first allows for a more flexible stochas-
tic structure in the baseline model’s wage Phillips curve to capture
features of the wage data such as compositional effects. The second
enriches the baseline model with financial frictions—a banking sector
in particular. The third incorporates search-and-matching frictions
into the model economy in place of the monopolistically competitive
labor market embedded in the baseline model. Naturally, these vari-
ants offer different interpretations of the data. However, the model
variant that best explains the data, as judged by its log data den-
sity, offers support for the interpretation of wage growth produced
by the baseline model. Interestingly, the baseline unemployment-
augmented New Keynesian model appears to fit the data more sat-
isfactorily than the variants of the model that incorporate financial
or search-and-matching frictions.

There has been a resurgence of interest in unemployment within
the New Keynesian literature since the crisis (e.g., Gertler, Sala,
and Trigari 2008; Blanchard and Gaĺı 2010; and Gaĺı, Smets,
and Wouters 2012a, 2012b), building on advances made elsewhere
to better understand labor market dynamics at the micro level
(e.g., Mortensen and Pissarides 1994) and work to reconcile these
approaches with the macro literature (e.g., Shimer 2005). Likewise,
for obvious reasons, labor market dynamics remain center stage for
monetary policymakers (e.g., Broadbent 2014; Carney 2014; Draghi
2014; and Yellen 2014). The present work is most closely related
to Gaĺı, Smets, and Wouters (2012a, 2012b), whose New Keynesian
framework I employ, but also to the small literature which addresses
formal estimation of New Keynesian models for the United Kingdom
(e.g., Harrison and Oomen 2010; Burgess et al. 2013; and Facini,
Millard, and Zanetti 2013).

Gaĺı, Smets, and Wouters (2012a) is similar to the present study
in that it is concerned with the structural drivers of macro and
labor market dynamics in the wake of the Great Recession. Their
focus, however, is on the United States, and with the earlier phase
of the Great Recession experience, covering data only up to mid-
2011. They find that the primary driver of the U.S. slow recovery
was the absence of favorable shocks, possibly related to the zero
lower bound, that were characteristic of more rapid recoveries fol-
lowing past (pre-1990) recessions. In contrast, I consider the United
Kingdom’s recovery phase, which began in earnest around 2013,
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following which I find that strong demand growth led the recovery
in unemployment.

This work is also related to a small number of other DSGE studies
of U.K. labor market dynamics during the Great Recession, though
most are concerned with the onset of the crisis. Millard (2015) inves-
tigates the causes of the United Kingdom’s recession, estimating
a Smets-Wouters type model, extended to include open economy
aspects and labor matching frictions, finding a key role for “demand”
type shocks in explaining GDP in the initial phases of the crisis. The
set of observables used in estimation differs from the present paper,
which estimates a more compact model, and the sample ends at the
end of 2013:Q4, before emergence of the “puzzles” with which I am
concerned here. Also taking a search-and-matching DSGE approach,
Faccini, Millard, and Zanetti (2013) use U.K. data to evaluate the
role played by wage rigidities in U.K. inflation, finding only small
effects. Pinter (2015) focuses on collateral channels, showing that
the rise in U.K. unemployment was closely related to the collapse in
house prices at the onset of the recession, via a collateral channel.
Unlike these papers, the present study uses Gaĺı’s reinterpretation of
the New Keynesian sticky wage model, à la Erceg, Henderson, and
Levin’s (2000), to relate macro and labor market dynamics, although
as a robustness check we also consider a search-and-matching for-
mulation. Recent non-DSGE studies of the United Kingdom’s labor
market during the crisis include Speigner (2014), who uses U.K.
data to investigate the influence of long-term unemployment on U.K.
wage growth, and Elsby and Smith (2010), who study the onset of
the crisis in the United Kingdom, examining the opposite puzzle—
the relatively small (given the size of the recession, and compared
with the United States) rise in unemployment. They pointed to the
prospective importance of a timely recovery in aggregate demand
in averting persistently high unemployment. In relating weak wage
growth to productivity, the present paper is also related to various
studies of the United Kingdom’s productivity puzzle (for which see,
inter alia, Barnett et al. 2014).

The remainder of this paper proceeds as follows. Section 2
provides some motivating evidence. Section 3 outlines the base-
line DSGE model. Section 4 describes estimation and the model’s
properties. Section 5 examines the labor market puzzles. Section 6
examines the robustness of the baseline model’s conclusions to
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alternative modeling assumptions, including by allowing for financial
and search-and-matching frictions. Section 7 concludes.

2. Motivating Evidence

Figure 1 shows the paths for private-sector regular pay growth and
unemployment in the United Kingdom since the advent of inflation
targeting, including during the United Kingdom’s Great Recession.
From around the middle of 2013, unemployment fell rapidly, from
7.8 percent (2013:Q2) to 6.7 percent a year later, falling to around
its pre-crisis average by the end of 2015, and to historical lows by
the end of 2017. At the same time, wage growth remained weak by
past standards. Annual private-sector regular pay growth rose from
around 1.0 percent in 2013 to 2.9 percent in 2015, before declining
to 2.7 percent in 2016 and 2.3 percent in 2017. At the end of 2017,
private-sector regular pay growth was around 2.6 percent, a shortfall
of around 1.5 percentage points below its pre-crisis average, despite
a return of low rates of unemployment.

A simple window on these puzzles can be provided by “Okun’s
law”—the reduced-form relationship between GDP growth and
unemployment—and a simple wage Phillips curve—the reduced-
form relationship between wage growth and unemployment. Figure 2
shows the fitted values from a simple Okun’s law relationship. From
2013, the Okun-implied path for unemployment and the data diverge
notably, to the extent that by the middle of 2014, unemployment
had fallen over 1 percentage point more rapidly than expected given
GDP growth outturns. Figure 3 shows the fitted values from a simi-
larly simple reduced-form wage Phillips curve, derived from a regres-
sion of annual private-sector regular pay growth on unemployment.
Just as unemployment was falling rapidly, wage growth was under-
shooting what a simple wage Phillips curve would have produced
(figure 4). By the middle of 2014, wage growth was between 1.5 and
2 percentage points shy of its fitted values.

These simple reduced-form approaches highlight the basic labor
market “puzzles,” but they leave much unexplained, and they offer
little by way of a structural explanation. For example, the con-
currence of both negative Okun’s law residuals and negative wage
Phillips curve residuals, as shown in figure 5, is consistent with a
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Figure 2. Unemployment Fell More Rapidly from 2013
Onwards Than a Simple Okun’s Law Relationship

Would Have Predicted

Notes: “Okun-implied” is based on the fitted values from a regression of the four-
quarter change in unemployment on four-quarter GDP growth, 1993:Q4–2017:Q4.
The resulting simple model suggests uΔ4

t = 0.302 − 0.246yΔ4
t .

range of structural interpretations. One way to get a more struc-
tural perspective is to turn to a VAR model. These offer rich yet
parsimonious descriptions of the data. Together with restrictions on
the reduced-form variance-covariance matrix of the VAR’s residuals,
such a model can also help to make structural statements.

The simple VAR model I consider contains GDP, unemployment,
and wage growth. This is the smallest possible model capable of
distinguishing three key shocks of interest for the joint dynamics of
wages and unemployment: productivity, demand, and labor frictions,
or “u*” (natural rate of unemployment) shocks. The VAR is esti-
mated using Bayesian methods, contains two lags, and is estimated
over the inflation-targeting era in the United Kingdom.1

1To be consistent with the DSGE model I later estimate, I pre-filter the data
in the following way: GDP enters as a quarterly log difference, unemployment as
a level, and the wage index as a quarterly log difference. The priors for the BVAR
are implemented as described in Banbura, Giannone, and Reichlin (2010).
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Figure 3. Despite Rapidly Falling Unemployment,
Wage Growth Was Surprisingly Weak

Notes: Based on a simple reduced-form relationship between annual private-
sector regular pay growth and unemployment, 2001:Q1–2015:Q4. The simple
regression suggests πwann

t = 7.05 − 0.70ut.

Figure 4. Significant Departure of Wage Growth from
Levels Implied by a Simple Wage Phillips Curve
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Figure 5. Okun’s Law and Wage Phillips Curve Residuals
Were Positively Correlated and Negative Over 2013–07

Notes: Residuals from simple wage Phillips curve and Okun’s law relationships
are described in figures 2 and 3.

Table 1. Sign Restrictions for the Three-Variable VAR

Variable

Shock y u πw

Demand + – +
Labor Frictions (u*) + – –
Productivity + + +

Notes: “+” indicates a positive response of the variable in the column header and
“–” a negative response. The sign restrictions are imposed on impact.

I identify the three structural shocks by using sign restrictions.
To recover these shocks from the reduced-form covariance matrix, I
look for rotations whose impulse responses satisfy the sign restric-
tions described in table 1. The restrictions are imposed for a single
period (i.e., on impact).

Some discussion of these restrictions is in order. First, demand
shocks raise output and lower unemployment, while raising wage
growth. This is intuitive and is consistent with the DSGE model
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I later consider. Second, shocks to labor frictions, which change
the natural rate of unemployment (“u*”), raise output and lower
unemployment but also lower wage growth. This pattern of co-
movement distinguishes these shocks from demand shocks, because
they have opposite implications for short-term wage growth. More-
over, these restrictions uniquely identify these shocks within the set
of impulse responses produced by the DSGE model that I later con-
sider (i.e., no other shocks in the model produce this pattern of co-
movement). Finally, technology (productivity) shocks raise output
and wage growth but also raise unemployment, as fewer labor inputs
are needed per unit of output. This is reminiscent of Gaĺı (1999), who
finds that positive technology shocks typically lower hours across G-7
economies, and is also consistent with the DSGE model estimated
below in which productivity shocks are the only shocks for which
output, unemployment, and wage growth co-move positively.2

The impulse responses satisfying these restrictions are shown in
figure 6. Shocks to the natural rate are estimated to have persistent
effects on unemployment and output growth, but relatively transient
effects on wage inflation. Productivity shocks have more persistent
effects on wage growth, while the impact on unemployment quickly
becomes insignificant. Finally, the demand shock has significant and
persistent effects on all three variables.

Using these estimated shocks, figure 7 provides a VAR-based
narrative for the fall in unemployment and subdued wage growth
from 2013. The VAR explains around 2 percentage points of the 3.2
percentage point decline in unemployment by the end of 2017 with
a fall in the natural rate of unemployment. The remainder of the
decline in unemployment is explained largely by stronger demand,
which explains around 1 percentage point of the decline. What of
the explanation for weak wage growth? Weak demand and lower
u* exert significant drags on wage growth between 2013 and 2015,
while weak productivity plays an increasingly significant role from
2014 onwards, accounting for essentially all of the shortfall of wage
growth below trend by the end of 2017.

The VAR can be used to construct a simple measure of the
natural rate of unemployment, which corresponds to the estimated

2Labor supply shocks also generate positive co-movement between unemploy-
ment and output, but reduce wage growth, unlike productivity shocks.
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Figure 6. Impulse Responses from Three-Variable VAR

Notes: Rows contain structural shocks and columns contain variables. “u*” =
natural rate of unemployment shock; “Productivity” = productivity shock;
“Demand” = demand shock. Shaded bands show the {16th, 84th} and {32nd,
68th} percentiles of the set of identified impulse responses.

Figure 7. Three-Variable VAR Explanation of
Unemployment and Wage Growth Since 2013:Q2
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Figure 8. VAR-Based Estimate of the Natural Rate
of Unemployment

Notes: Dashed line is data; solid line is the median estimate of the contribution
of identified u* shocks to the unemployment rate; shaded regions indicate the
{16th, 84th} and {32nd, 68th} credible set of contributions of the u* shock to
unemployment.

contribution of labor frictions (u*) shocks to the observed unem-
ployment rate over the sample period. Figure 8 shows this implied
path, together with the credible set of contributions generated across
accepted rotations of the VAR’s variance-covariance matrix within
the 16th and 84th percentiles. It suggests that the start of the crisis
coincided with a worsening of labor market frictions, causing a rise in
the natural rate of unemployment of around 1 percentage point. After
the initial onset of the crisis, however, the natural rate is estimated
to have fallen gradually from around 7 percent in 2009 to around 6.5
percent at the end of 2012, before falling rapidly from 2013 to 2014,
eventually reading around 4.2 percent at the end of 2017.

3. A Benchmark Model

The VAR evidence is suggestive but can be given a richer struc-
tural underpinning by using a model with theoretically coherent
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foundations. This is helped by recent advances in New Keynesian
macroeconomics that have helped embed unemployment in other-
wise standard, and empirically successful, New Keynesian models. In
this section I begin by setting out the key elements of such a model.
I use a New Keynesian framework, similar to Smets and Wouters
(2007), extended to include unemployment as in Gaĺı (2011) and
Gaĺı, Smets, and Wouters (2012b). The model features staggered
nominal wage setting, as in Erceg, Henderson, and Levin (2000).
The key innovation relative to this approach, as introduced by Gaĺı
(2011), is to offer a reinterpretation of the wage markup that results
from imperfect competition in the labor market and, in particular,
from the “differentiated varieties” assumption applied to types of
labor. In the present setup, this markup is reinterpreted as the nat-
ural rate of unemployment, and it is an unemployment gap—a gap
between the unemployment rate and its natural rate—that enters
the wage Phillips curve. This means unemployment can be included
as an additional observable in the model and, importantly for our
purposes, (inefficient) shocks to the natural rate of unemployment
can be distinguished from other (efficient) shocks to labor supply
via the different implications these shocks have for the dynamics of
unemployment. The model set out in the next few subsections is the
“benchmark” model.3 We examine the robustness of the conclusions
drawn from this benchmark model in subsequent sections, where
we add financial frictions and a richer description of labor market
frictions in turn.

3.1 The Model’s Linearized Conditions

This section briefly summarizes the model’s linearized conditions,
where lowercase letters denote log-deviations from steady state,
beginning with the demand side of the economy.

3.1.1 Demand

Aggregate demand yt comprises consumption ct and investment int:

yt =
C

Y
ct +

(
1 − C

Y

)
int, (1)

3A full derivation, which is standard, appears in the appendix.
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where C/Y is the steady-state share of consumption in income. Con-
sumption dynamics are governed by a consumption Euler equation;
the resulting “dynamic IS curve” relates demand to its past and
future values, and negatively to the ex ante real interest rate:

ct =
h

1 + h
ct−1 +

1
1 + h

Etct+1 − 1 − h

1 + h
(it − Etπt+1) + εc

t , (2)

where it is the nominal interest rate, πt is goods price inflation, and
εc

t is a shock to households’ consumption demand.4 Parameter h
governs the strength of consumption habits.

Because of “flow” adjustment costs, the investment Euler equa-
tion is also inertial and reads

int =
1

1 + β
int−1 +

(
1 − 1

1 + β

)
Etint+1 +

1
1 + β

ωqk
t , (3)

where qk
t is the real price of capital goods (in terms of final goods)

and ω parameterizes the adjustment costs in investment.

3.1.2 Supply

On the supply side, firms’ production technology takes the form of
the production function:

yt = (1 − α) nt + αkt−1 + εa
t , (4)

where α is the capital share of income, nt is employment, kt is phys-
ical capital, and εa

t is the disturbance to total factor productivity.
Capital evolves according to

kt = (1 − δ) kt−1 + δint, (5)

where δ governs the capital depreciation rate, and firms demand
labor and capital such that

mt = wt − (yt − nt) , (6)

mt = zk
t − (yt − kt−1) , (7)

4Formally, εc
t is a shock to households’ intertemporal preferences.
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where mt is real marginal cost, wt is the real wage, and zk
t is the real

marginal product of capital. As noted above, because goods prices
are reset only periodically, with the remaining set of prices indexed
to inflation, inflation is governed by the price Phillips curve:

πt = γpπt−1 + βEt (πt+1 − γpπt) + λpmt + εp
t , (8)

where εp
t is the shock to firms’ natural price markups, and where

γp governs the extent of inflation inertia due to indexation. The
parameter λp governs the strength of the relationship between real
marginal cost and goods price inflation, and reflects the underlying
stickiness of goods prices.

3.1.3 Labor Market

Households’ labor supply schedule is

wt = st + ϕlt + εl
t, (9)

where ϕ is the inverse Frisch elasticity of labor supply, lt is desired
employment, and εl

t is the labor supply shock. The variable st cap-
turing the size of the wealth effect on labor supply is given by

st = (1 − ν) st−1 + ν

(
1

1 − h
ct − h

1 − h
ct−1

)
, (10)

where the final term is the marginal utility of consumption (in the
presence of habits and under log utility), and parameter ν governs
the strength of the wealth effect on labor supply.

The unemployment rate is given by

ut = lt − nt, (11)

which is higher the greater is the wage markup in the labor market.
Wage inflation is determined by the wage Phillips curve:

πw,t = γwπw,t−1 + βEt (πw,t+1 − γwπw,t) + λw (ut − u∗
t ) , (12)

where πw is nominal wage inflation, γw governs the degree of wage
indexation, λw is the relationship between unemployment and wage
inflation, and u∗

t is the natural rate of unemployment. Another way
to view ut−u∗

t is as the unemployment gap; when it is positive, there
is upward pressure on wage growth, and when it is negative, there
is downward pressure.
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3.1.4 Monetary Policy, Returns, and Shocks

Finally, monetary policy is described by a Taylor rule:

it = ρiit−1 + (1 − ρi) (φππt + φy (yt − y∗
t )) + εi

t, (13)

in which y∗
t is the natural level of output and where εi

t is a mon-
etary policy shock. Parameter ρi governs inertia in the monetary
policy rule, and {φπ, φy} the response of the nominal interest rate
to inflation and the output gap, respectively. The model is closed
with an arbitrage relationship between capital and bonds, Etr

k
t+1 =

rt = it − Etπt+1, where rk
t is the return on capital given by

rk
t − qk

t−1 = (1 − β (1 − δ)) zk
t + β (1 − δ) qk

t . (14)

In summary, the model features six shocks: to consumption demand,
monetary policy, technology, labor supply, the natural rate of unem-
ployment, and the price markup. These are all AR(1) processes
which follow:

εj
t = ρjε

j
t−1 + uj

t , uj
t ∼ N

(
0, σ2

j

)
, j = {c, i, a, l, u, mp} , (15)

(where the persistence of the monetary policy shock is restricted to
be zero).

4. Estimating the Benchmark Model

Six aggregate time series are used in estimation: GDP, core CPI
inflation,5 the quarterly policy rate adjusted for the effects of the
Bank of England’s asset purchases (“Bank Rate”), nominal wage
inflation, employment, and unemployment. To correct for the pres-
ence of the zero bound, I use a measure of the policy rate adjusted

5This is CPI inflation excluding food, energy, alcohol, and tobacco. I use core
inflation in order to focus on the structural links between the labor market and
inflationary pressure, excluding those due to volatile items like energy and food.
Equally, I use a CPI-based measure as the measure of inflation because the Bank
of England’s inflation objective is cast in terms of the CPI, not, say, the GDP
or other expenditure component deflator. Besides this, there are also well-known
measurement issues around GDP deflator inflation, including the challenges faced
in measuring the relative price of public-sector output. For these reasons I prefer
to use the CPI as a measure of prices.
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for the impact of the MPC’s asset purchases—a so-called shadow
rate, in the spirit of Wu and Xia (2016). This uses methods to iden-
tify the macroeconomic impact of the MPC’s asset purchase pro-
gram, and converts these into a “shadow” path for the policy rate
with equivalent macroeconomic effects (see Joyce, Tong, and Woods
2011). The sample begins with the advent of inflation targeting in the
United Kingdom and runs from 1993:Q1 to 2017:Q4. Measurement
equations are defined relating the model variables to their empirical
counterparts; GDP, employment, core inflation, and wage inflation
enter as demeaned quarterly log-differences, while Bank Rate and
unemployment enter in levels deviations from steady state, taken to
be 5 percent for each, around their sample averages. Five MCMC
chains of 100,000 draws each are simulated to explore the model’s
posterior distribution.

Six of the model’s parameters are fixed prior to estimation. These
are the discount factor, β, which is set to give an annualized real
interest rate of 3 percent, around the pre-crisis average rate; the
capital share, α, set to 1/3; the price elasticity, set to 5, implying
a markup of 1.25; the wage markup, set to imply a steady-state
unemployment rate of 5 percent, around the average in the United
Kingdom over the period of central bank independence; the share of
consumption in output, which, given the simple demand side mod-
eled here, is 0.75, per the U.K. data; and the depreciation rate on
capital, δ, set at 2.5 percent.

The remaining parameters are estimated. Table 2 contains a
detailed description of the priors used to do this. The prior for habit
formation in consumption is centered on 1/2. Some studies for the
United Kingdom have estimated relatively low habit parameters on
U.K. data (e.g., Harrison and Oomen 2010; Burgess et al. 2013) com-
pared with similar models fitted to euro-area and U.S. data (Smets
and Wouters 2003, 2007); however, the present model has a simpler
demand side than these papers, giving little guide for the appro-
priate choice in this context. In that light, 1/2 seems reasonable.
The labor supply elasticity is estimated to be relatively low in the
United Kingdom by Harrison and Oomen (2010) (an inverse Frisch
elasticity of 1/0.142 at the mean), but high by Faccini, Millard, and
Zanetti (2013) (an inverse Frisch elasticity of 1.64 at the mean), and
closer to 2 by Burgess et al. (2013). Once again, the propagation
mechanisms in these models all differ in important ways from the
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present paper, including the fact that the present model allows for
a variable wealth effect on labor supply. Together, these considera-
tions also suggest an intermediate choice of prior, which we set at 3,
together with a prior for the wealth effect on labor supply of 1/2, in
line with Gaĺı, Smets, and Wouters (2012b). We choose the priors
for the wage and price Phillips curves directly and to be consistent
with wages and prices resetting on average around once every three
to four quarters, given the discount factor, and we center the price
and wage indexation parameters at 1/2. The priors for the policy
rule are chosen to be standard and are set to give responses to infla-
tion and the output gap of 1.5 and 0.125, respectively. All priors
governing the shock persistence are set to 1/2, and their standard
deviations are set to 1 percent.

The posterior mean estimates are contained in the final three
columns of table 2. Relative to the prior, consumption habits (h)
are estimated to be larger, and closer to the estimates obtained for
U.S. and euro-area model, than some past estimates for the United
Kingdom. The wealth effect on labor supply (ν) is weak, consis-
tent with the estimates for the United States in Gaĺı, Smets, and
Wouters (2012b). This means that most of the effects of demand
on the labor market come not through changes in households’ work
incentives (which shift labor supply) but through the effects on labor
demand. The inverse Frisch elasticity (ϕ) is estimated to be around
3.7, indicating a relatively inelastic labor supply response to real con-
sumption wages. The price Phillips curve is estimated to be flatter
than the wage Phillips curve, implying, perhaps counterintuitively,
goods prices that are stickier than nominal wages. Finally, the mon-
etary policy rule contains responses to inflation and the output gap
which are close to the prior values, whereas policy smoothing is much
higher (0.87) than under the prior mean.

Figure 9 gives a snapshot of the dynamic properties of the model
by showing the estimated impulse response functions. The rows of
the figure contain the different structural shocks, indicated by the
labels at the start of each row, while the columns contain the esti-
mated responses of the different observable variables. A couple of
features are worth noting.

First, the technology shock is the only shock that results in a
negative co-movement of output and employment on impact. In this
case, a positive technology shock means firms can produce the same
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output with fewer labor inputs. As a result, employment falls. In
part, this is due to features of the model that build persistence into
demand, including habits in consumption and investment adjust-
ment costs. These features mean that when total factor productivity
(TFP) rises, demand does not respond “immediately”; as a conse-
quence, firms have a lesser need for labor. In contrast, for the remain-
ing shocks employment is procyclical. This feature limits the extent
to which technology shocks alone can explain the macroeconomic
fluctuations in the data, a point emphasized by Gaĺı (1999).

Second, “demand” and monetary policy shocks are distinguished
only by the responses of the policy rate. Positive demand shocks
entail the policy rate rising to curtail inflationary pressures whereas,
clearly, expansionary monetary shocks entail a cut in the policy
rate. Third, compare the responses of the labor supply (fourth row)
and u shocks (fifth row). Expansions of labor supply and reduc-
tions in labor frictions both entail increases in output, falls in infla-
tion, reductions in the policy rate, and rising employment. However,
they have opposite implications for unemployment. When labor fric-
tions abate, the expansion that follows entails a reduction in unem-
ployment. When labor supply increases, by contrast, the expansion
entails higher unemployment. As a result, the “u*” shock is the main
disturbance for which there is a material positive co-movement of
wage inflation and unemployment.6 With the exception of the price
markup shock, for which this pattern is also just visible, the remain-
ing disturbances in the economy generate opposing co-movement of
wages and unemployment.

5. The United Kingdom’s Great Recession and
Its Aftermath

5.1 Explaining the Dynamics of the Crisis and the Recovery

This section turns to the model’s interpretation of U.K. macroeco-
nomic dynamics during the Great Recession and recovery. Begin
with figure 10, which shows the shock-based decomposition of the six
observable series used in estimation. It is clear from the top-left panel

6This co-movement is also observed for the technology shock, but the response
of wage inflation relative to unemployment is much more muted in this case.



328 International Journal of Central Banking December 2019

Figure 10. The Dynamics of the Great Recession and
Its Aftermath

Notes: “a” = technology shock; “c” = demand shock; “i” = monetary policy
shock; “l” = labor supply shock; “u” = natural rate of unemployment shock;
“mp” = price markup shock. Data are shown relative to their sample means.
The policy rate is quarterly.

that the United Kingdom faced severe negative shocks at the onset
of the crisis, centered on both weak demand and weak productivity.
The effects of the negative demand shock on output and employ-
ment were somewhat ameliorated, though not completely offset, by
stimulative monetary policy. Indeed, the policy rate is estimated to
have fallen faster than would have been expected given the average
Taylor rule of the sample. This stimulus is estimated to have been
broadly sufficient to offset the impact of negative demand shocks on
inflation, which rose not only due to this but also due to a series of
price markup shocks from around 2010 onwards.

Now turn to the labor market. As noted, despite significant stim-
ulus, annual employment growth fell to –3 percent (relative to trend)
in 2009, and unemployment rose some 3 percentage points above its
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past average. It is notable in particular that a large proportion of
the initial rise in unemployment reflected net demand weakness. It
is also notable, though, that the United Kingdom appears to have
been operating at below its natural rate of unemployment for some
time prior to the crisis. In fact, the flexible-price output gap is esti-
mated to have been positive and between +3 and +5 percent in the
lead-up to the crisis. As the recovery became embedded, the natural
rate of unemployment is estimated to have fallen back.

In that context, the model’s explanation for the fall in wage
growth is quite striking. In particular, annual wage growth is almost
completely explained by the contribution of productivity shocks fol-
lowing the crisis episode and into the recovery. Alongside this effect,
demand weakness and monetary policy largely offset one another
and, curiously perhaps, wage growth was supported by labor mar-
ket friction, or u*, shocks. It is notable that over the period during
which the effects of these shocks began to wane for unemployment,
they were also pushing up on wage growth.

What lies behind this finding? Part of the explanation lies in
the dynamics of u* shocks themselves; aside from the price markup
shock, the wage markup or u* shock is the least persistent of the
model’s remaining macroeconomic disturbances. The dampening
effect on wage growth of a given fall in unemployment due to lower
u* is, therefore, relatively short-lived. The other part of the expla-
nation relates to the impact of declines in u* on firms’ incentives to
invest. In particular, once the initial negative effect on wage growth
fades, a countervailing positive effect on wage growth arises via the
positive impact that lower labor market frictions have on aggregate
demand, investment, and hence the real wage. Consider the follow-
ing: as u* falls, firms take on more labor, raising the marginal prod-
uct of capital and so the incentive to invest; this, eventually, boosts
the real wage, a dynamic illustrated by the impulse responses shown
in figure 9. This makes it relatively challenging for lower u* shocks to
generate a sustained decline in wage growth at the baseline model’s
estimated posterior mode.

Turn next to the “puzzle” period—from around 2013. Here,
unemployment fell around 2.5 percentage points, with growth only
modestly above trend, but wage growth did not accelerate very
markedly at all. Figure 11 shows the explanation for the fall in unem-
ployment and the absence of a wage pickup. The model suggests
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Figure 11. The Fall in Unemployment from 2013:Q2
Largely Reflected a Recovery in Demand While Weak

Wage Growth Reflected Weak Productivity

Notes: “a” = technology shock; “c” = demand shock; “i” = monetary policy
shock; “l” = labor supply shock; “u” = natural rate of unemployment shock;
“mp” = price markup shock.

unemployment fell largely because demand headwinds fell back, net
of the effect of fading monetary policy stimulus. By the end of 2015,
this accounted for the bulk of the fall, with some additional con-
tribution from lower labor frictions. The prominent role for posi-
tive demand developments is consistent with the cyclical recovery
in job vacancies observed in other data over this period, which are
strongly procyclical in general. At the same time, although demand
headwinds were fading, headline growth was held back by a contin-
ued drag from weak productivity, which meant unemployment could
fall rapidly despite the prevailing GDP growth rate. These estimates
contributions from weak productivity are corroborated by other esti-
mates. For example, the year-over-year growth rate of the model’s
fitted TFP shock series is 69 percent correlated with top-down esti-
mates of TFP produced by the United Kingdom’s Office for National
Statistics.

And what of wage growth? This continued to be largely explained
by weak productivity, although the (seemingly temporary) acceler-
ation between mid-2014 and mid-2015, and its fall back thereafter,
is explained by a rise and then a fall in the contribution from labor
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frictions—the u* shock. Over the broad sweep of the recovery, then,
weak productivity appears to have dragged on wage growth, with
demand and monetary policy effects broadly netting off, and with
volatility being induced via variation in labor frictions.

One important point to emphasize is that the model allows for a
stationary TFP process. An alternative is to allow for non-stationary
technology, and to investigate the effects of shocks to the growth rate
of technology on the dynamics of wages, unemployment, and other
macroeconomic variables. We experimented with this case on a ver-
sion of the model calibrated at the mean of the posterior parameter
values estimated above, comparing the responses of the model to
the estimated (stationary) TFP shock with an alternative, tempo-
rary shock to the growth rate of TFP. While the precise quantitative
magnitudes of the responses differ under these two cases, qualita-
tively we found strong similarities in the short-run responses of the
output gap, inflation, policy rate, employment, unemployment, and
wage growth to persistent stationary TFP shocks on the one hand
and temporary TFP growth rate shocks on the other. In particu-
lar, in both cases, negative technology shocks generate reductions in
unemployment and persistently weak nominal wage inflation. The
qualitative similarity of these two shocks appears in part due to the
presence of realistic model features, including habit persistence and
investment adjustment costs, which add inertia to demand in the
short run, as discussed above.7

5.2 Whither the Wage Phillips Curve?

Does the absence of a clear co-movement between wage growth and
unemployment over this period mean the wage Phillips curve is no

7Notwithstanding this point, the longer-run dynamics of employment and
wage inflation are likely to be quite sensitive to the persistence of the process gov-
erning technology. In the stationary technology case, following a negative shock,
wage inflation eventually overshoots its equilibrium level as the productivity level
eventually recovers to its baseline value, and the real wage “gap” resulting from
weak nominal wage growth in the short term is closed. In contrast, if the pro-
ductivity process does not result in a recovery in the level of TFP, and hence the
real wage, this nominal overshooting need not occur. If anything, then, estimat-
ing a model with stationary as opposed to non-stationary TFP may therefore
understate the extent to which weak TFP dragged on wage growth.
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Figure 12. Conditional U.K. Wage Phillips Curve
Is Alive and Well

Notes: “a” = technology shock; “c” = demand shock; “i” = monetary policy
shock; “l” = labor supply shock; “u” = natural rate of unemployment shock;
“mp” = price markup shock.

more? To the contrary. We can use the model to describe the struc-
tural wage Phillips curve in the United Kingdom—which is not so
much a single relationship as a set of conditional relationships which
vary with the underlying structural disturbance.

Figure 12 shows the conditional relationship between wage infla-
tion and unemployment for different structural disturbances. Here,
each panel plots a given shock’s contribution to wage inflation and
unemployment, and the axis scales are common to each shock to give
an indication of relative magnitudes. For example, demand shocks
(middle panel; top row) trace a clear downward relation between
wage inflation and unemployment; so do monetary policy shocks.
The covariation of wages and unemployment is especially small for
labor supply shocks. And finally, shocks to u* and to price markups
have traced broadly flat, even upward-sloping, relationships between
wage inflation and unemployment, and are both responsible for a
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reasonable degree of variation in the unemployment rate. These
shocks would otherwise confound the search for a stable wage
Phillips curve. Figure 12 shows that, conditional on the right shocks,
the Phillips curve is alive and well.

6. Robustness

6.1 Specification of the Wage Phillips Curve

In this section, we investigate the robustness of the baseline results
to different specifications of the wage Phillips curve. One concern
with the baseline specification of the wage Phillips curve is that the
shock term, which in theory captures variation in the natural rate
of unemployment (proportional to the natural wage markup), must
capture lots of features of the wage data, including the possibility of
transitory factors affecting wage dynamics, such as residual seasonal
patterns, or other high-frequency variation in wage growth due, for
example, to sample variability.8 Arguably, these factors could swamp
low-frequency variation in wages due to change in the gap between
unemployment and its natural counterpart. To allow for this possi-
bility, we estimate a variant of the baseline model in which the wage
Phillips curve (12) is modified to be

πw,t = γwπw,t−1 + βEt (πw,t+1 − γwπw,t) + λw (ut − u∗
t ) + uw

t ,
(16)

where uw
t ∼ N (0, σ2

w) is a purely transitory wage shock capturing
the features of the data described above.

The resulting parameter estimates are shown in table 3, column
2. The mean of the posterior estimates for most parameters remain
broadly similar, with the possible exception of the coefficient on the
output gap in the monetary policy rule, which rises from 0.135 in
the baseline model to 0.587 in the modified model. Likewise, the
shock processes are estimated to have properties as in the baseline
model, with the obvious exception of the standard deviation of the

8This could include compositional effects—changes in the composition of char-
acteristics of the underlying workforce—which can have consequences for mea-
sured wage changes. In the U.K. context, see, inter alia, Broadbent (2015).
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Table 3. Posterior Mean Parameter Estimates for
Baseline and Variants of the Baseline Model

Parameter (1) (2) (3) (4)

ρa 0.974 0.979 0.960 0.776
ρc 0.711 0.737 0.706 0.684
ρmp 0.295 0.325 0.281 0.515
ρl 0.819 0.832 0.862 0.498
ρu 0.600 0.543 0.722 0.965
h 0.849 0.808 0.844 0.901
v 0.028 0.027 0.032 N/A
ϕ 3.679 3.933 3.751 3.335
ω 0.625 0.667 0.518 0.702
λp 0.041 0.039 0.040 0.039
λw 0.054 0.046 0.066 0.012
γp 0.183 0.169 0.129 0.564
γw 0.121 0.158 0.119 0.272
ρi 0.873 0.897 0.901 0.905
φπ 0.646 0.602 0.573 0.526
φy 0.135 0.587 0.183 0.087
σb N/A N/A 0.795 N/A
Nb/Sb N/A N/A 0.036 N/A

Shock St. Devs.

Technology (a) 0.006 0.006 0.006 0.041
Monetary (i) 0.003 0.002 0.003 0.002
Demand (c) 0.002 0.002 0.002 0.002
Markup (mp) 0.002 0.002 0.002 0.003
Labor Supply (l) 0.009 0.010 0.010 0.013
Unemployment (u) 0.044 0.011 0.032 0.023
Wage (w) N/A 0.005 N/A N/A

Marginal Density 2,147.4 2,151.4 2,116.0 1,769.9

Note: Column numbers refer to the following models: (1) = baseline; (2) = (1) +
transitory shock in wage Phillips curve; (3) = financial frictions model; (4) = search-
and-matching frictions model.

shock driving the natural rate of unemployment, which drops by 75
percent. This is fully expected given the change in the stochastic
specification of the wage Phillips curve. Overall, the model fit as
judged by the model’s marginal density improves slightly, with the
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Bayes factor being exp(4), indicating positive evidence in favor of
the modified model.9

What does this mean for the dynamics driving wage growth?
Figure 13, panel A shows the baseline wage decomposition, while
panel B shows the decomposition resulting from the modified wage
Phillips curve. Clearly idiosyncratic wage shocks explain a portion of
the overall variance of wage growth in this model. Interestingly, some
of the buoyant wage growth in the pre-crisis years is now explained
by positive wage shocks, giving a lesser role to demand shocks vis-à-
vis the baseline model. In addition, the period of weak wage growth
from 2013 onwards accompanying the rapid fall in unemployment is
now explained, to some extent, by negative wage shocks, and, inter-
estingly, an additional drag from contractionary monetary policy
shocks, whereas the baseline specification suggests monetary pol-
icy was supportive of wage growth in this period. These estimated
wage shocks could capture compositional effects in the wage data.10

The biggest driver of sub-trend wage growth remains productivity,
however. That said, the effect in 2013 is roughly halved, and the
persistence of the drag from productivity is notably lessened. The
modified specification also reduces the extent to which shocks to the
natural rate of unemployment are estimated to have increased wage
growth over the period, relative to the baseline model.

6.2 Specification of the Model Structure

This section explores two extensions to the benchmark model
designed to elaborate on two important issues. The first arises given
the experience of the financial crisis and the Great Recession that
followed, and seeks to add more realistic financial frictions to the
benchmark model, and a financial intermediary sector in particular.
This is a potentially powerful propagation mechanism affecting the

9See, e.g., Kass and Raftery (1995) and An and Schorfheide (2007).
10The correlation between these shocks’ contributions to wage growth and the

Bank of England’s estimates of total wage compositional effects is around 33
percent between 2008 and 2017. Of the Bank of England’s identified total com-
positional effects, the highest correlation with the wage shocks identified in our
model is with those effects relating to changes in age, tenure, gender, region
of residence, whether working full time, and whether in public-sector employ-
ment, where the correlation rises to 48 percent. To make this comparison, we use
compositional effects published in Bank of England (2018, chapter 4).
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Figure 13. Wage Growth Decompositions

(continued)
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Figure 13. (Continued)

Notes: “a” = technology shock; “c” = demand shock; “i” = monetary policy
shock; “l” = labor supply shock; “u” = natural rate of unemployment shock;
“m” = price markup shock; “piwobs” = transitory wage Phillips curve shock.

transmission of macroeconomic disturbances through to the labor
market. Equally, to the extent that financial frictions create a “bot-
tleneck” between the funds provided by households and those avail-
able to firms, such frictions may have the effect of raising investment
adjustment costs. A less elastic response of investment to macro dis-
turbances may mean wages get a smaller boost from higher labor
productivity following reductions in u*, giving this shock a better
chance at explaining low wage growth and falling unemployment.
Hence, incorporating financial frictions is not only interesting in
its own right, but also has the potential to interact in important
ways with labor market shocks by changing the way these distur-
bances propagate through the economy. This extension is considered
in section 6.2.1. The second arises out of the benchmark model’s rel-
atively parsimonious description of the labor market. In particular,
it lacks any role for labor market search-and-matching frictions that
have been studied extensively in the literature and are regarded as
giving rise to a more “realistic” wage-setting curve. This extension
to the benchmark model is considered in section 6.2.2.

6.2.1 Financial Frictions

In this section we introduce more realistic financial frictions. In par-
ticular, rather than assuming that households can obtain claims on



338 International Journal of Central Banking December 2019

the physical capital stock directly, we instead assume households
deposit all their savings with a commercial bank. Commercial banks,
in turn, combine their own net worth with deposit funding to make
loans to final goods firms. Finally, final goods firms use the loans
obtained from banks to finance the physical capital they use in pro-
duction. This description of financial intermediation follows Gertler
and Kiyotaki (2010), and Gertler and Karadi (2011). The result is
an endogenous spread between the return on one-period nominal
bonds, or bank deposits, and the return on capital; the spread, in
turn, varies with the net worth of the financial intermediary sec-
tor, generating a financial accelerator, à la Bernanke, Gertler, and
Gilchrist (1999). The following section describes these modifications
to the benchmark model in more detail.11

Modifications to the Benchmark Model. In the model with
financial frictions, a continuum of competitive banks indexed by
i ∈ [0, 1] raise deposits Dt(i) from households, combining these with
their own net worth N b

t (i), to make loans to final goods firms Sb
t (i).

Final goods firms use bank loans to finance the capital stock; due to
competition, the return on a bank’s assets is equal to the real return
on physical capital.

In this setting the household budget constraint is

PtCt + Dt = (1 + it−1) Dt−1 +
∫ 1

0
Wt(i)Nt(i)di + Jt + Jb

t , (17)

where Jb
t are profits returned to the household lump sum from the

banking sector. In turn, bank i’s balance sheet reads

Qk
t Sb

t (i) = Dt (i) + N b
t (i). (18)

Banks pay the real risk-free return Rt on their deposits. As such, the
profit of the bank is Rk

t Qk
t−1S

k
t−1(i) − Rt−1Dt−1(i). After gathering

returns, each period the bank pays out a fraction 1 − σb ∈ [0, 1] of
its profits as a dividend to the bank’s ultimate owners, households.
Equivalently, with probability 1−σb, the manager of bank i receives
a signal to “exit,” in which case she returns the bank’s net worth
to the owning household lump sum. The franchise value of the bank

11A full derivation is in the appendix.
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is therefore V b
0 (i) ≡ E0

∑∞
t=0 Λ0,t[(1 − σb) N b

t (i) + σbV
b
t (i)]. Banks

are operated by managers subject to incentive frictions. The finan-
cial friction takes the following form. Each period, the manager of
bank i can abscond with a fraction θb ∈ [0, 1] of the bank’s assets
(e.g., by paying herself an excessive bonus, by engaging in vanity
projects, etc.). It is incentive compatible for the bank manager not
to do so if the franchise value of the bank V b

t (i) exceeds the proceeds
of malfeasance, or

V b
t (i) ≥ θbQ

k
t Sb

t (i). (19)

The bank manager’s problem is therefore to choose the scale of her
balance sheet, Sb

t (i), so as to maximize her bank’s franchise value,
but subject to the incentive compatibility constraint (17). The full
solution to the banker’s problem is given in the appendix. The key
equilibrium condition emerging from this problem is the following:

νk
t − νd

t = θb − νd
t

�t
, (20)

where �t(i) ≡ Qk
t Sb

t (i)
Nb

t (i) is the bank’s leverage (at market value), which

by symmetry is the same for all i, and v j
t , j = k, d are the mar-

ginal returns to the bank of loans (when j = k) and deposits (when
j = d). As a result, the term vk

t − vd
t is closely related to the spread

between the return on capital, Rk
t , and the risk-free interest rate,

Rt. Expression (18) makes this spread a function of the severity
of the incentive friction, θb, the marginal return on deposits, νd

t ,
and banking-sector leverage, �t. The financial accelerator mechanism
then operates as follows. When asset prices (the price of capital) fall,
the value of bank net worth, or equity capital, also falls, reflecting the
lower value of the bank’s claims on the physical capital stock. Lower
net worth raises mark-to-market leverage, which via equation (18)
causes a cutback in credit supply and so a rise in credit spreads. This
endogenous contraction in credit supply in turn reduces investment
by firms, lowering the demand for capital, and so further lowering
the price of capital, amplifying the impact of initial disturbance on
asset prices, investment, and so demand. This mechanism also oper-
ates in reverse, amplifying positive shocks that cause asset prices to
rise.
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Estimation Results: Financial Frictions. Estimation
employs the same observables as in the baseline model, and all model
priors are identical to the baseline, with the exception of two that are
new and are related to the financial frictions. These are σb, 1 minus
the “dividend rate” for banks, and Nb/Sb, the bank’s steady-state
capital ratio, which is related to the severity of financial frictions in
this model.12 The priors for these parameters are centered at 0.90
and 0.10, respectively, indicating a 10 percent quarterly dividend
rate and a 10 percent equity capital ratio. The remaining additional
banking parameters are governed by our calibration of the steady-
state credit spread, which we set at 200 basis points on an annualized
basis.

The parameter estimates are contained in table 3, column 3.
Relative to the baseline model, a few changes stand out. First, the
forcing process for the natural rate of unemployment shock is esti-
mated to be more persistent. Second, the elasticity of investment
with respect to the price of capital, ω, falls, indicating slightly higher
investment adjustment costs. Third, the wage Phillips curve steepens
a little. Finally, the standard deviations of the forcing processes are
broadly unchanged, with the exception of the unemployment shock,
whose standard deviation falls by around 25 percent. The bottom
row in table 3 contains the marginal density of the model. Here it is
apparent that the fit of the model is inferior to the baseline model,
despite the extra richness arising from the financial frictions, with
a Bayes factor of exp(31.4), which, somewhat surprisingly, provides
strong support for the baseline model over the financial frictions
model.

Overall, the propagation of shocks is relatively modestly affected
by the presence of financial frictions. As judged from the impulse
response functions, the transmission of technology shocks, for exam-
ple, is little changed. Other shocks, including monetary, u* and labor
supply shocks, exhibit some amplification, however, as would be
expected in the presence of a financial accelerator mechanism. The
modest degree of amplification is a corollary of relatively contained

12In particular, a higher value of θb—indicating worse financial frictions—
requires the bank to be funded with more equity in equilibrium, reflecting a
more severe agency problem between the banker and the household, such that
Nb/Sb is higher.



Vol. 15 No. 5 Understanding the United Kingdom’s Wageless 341

movements in bond spreads in the estimated model.13 This may be
the result of not having included bond spreads within the set of
observables.

Despite this inferior fit, for completeness we report the wage
decomposition from this model in figure 13, panel C. Consistent
with the intuition above, together with the changes in the esti-
mated parameter vector noted previously, shocks to the natural
rate of unemployment now exhibit a persistent drag on wage growth
throughout the post-crisis period. Together with negative demand
shocks, these are broadly offset by monetary policy shocks, which
continue to be estimated to have boosted wage growth substantially.
The residual wage weakness continues to be explained by weak pro-
ductivity, as in the baseline model. So despite the inferior fit, the
additional frictions implied by the financial frictions model do help
resolve the puzzling absence of dampening effects on wages from
labor market shocks exhibited by the baseline model.

6.2.2 Labor Market Frictions

In this section, we consider an alternative formulation of labor mar-
ket frictions, switching the “monopolistic competition in the labor
market” formulation employed in the baseline model for a formula-
tion in the Diamond-Mortensen-Pissarides search-and-matching tra-
dition, specifically one following Thomas (2008). In this framework,
unemployment arises as a result of search-and-matching frictions in
the labor market, rather than as a result of inefficiently high wage
markups as in the baseline model.

In the model with search-and-matching frictions, the household’s
utility function is

U ≡ Et

∞∑
t=0

βtWt, (21)

13For example, when evaluated at the posterior mean of the parameter distri-
bution, the standard deviation of bond spreads implied by the model is around
one-half that of GDP.
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Wt ≡ log (Ct − hCt−1) −
exp

(
ul

t

)
1 + φ

χh

∫ 1

0
Ht (i)1+ϕ

Nt (i) di

− b exp (uu
t ) Nt, (22)

where Nt(i) denotes the number of workers employed in firm i, Ht(i)
are hours per worker, and b is the marginal disutility of working,
subject to random variation uu

t . This shock replaces the “u*” shock
from the baseline model, although its role is similar in that varia-
tion in uu

t causes fluctuations in workers’ desired employment rate,
implying, in turn, shocks to the “natural” rate of unemployment in
this variant of the model. The budget constraint remains unchanged
vis-à-vis the baseline model. The labor force remains normalized to
unity.

Each period, the probability of job separation is λ. The remain-
ing fraction 1 − λ of employed people remains in employment the
following period. In addition, there is a probability p(θ̃t) that some
of the 1 − Nt = Ut unemployed fraction of the population enters
employment. This probability depends on labor market tightness,
θ̃t, which is defined as the ratio of job vacancies posted by firms, Vt,
and the unemployed, Ut, such that θ̃t ≡ Vt/Ut. A matching function
m(.) defines the efficiency of this process, such that

p
(
θ̃t

)
≡ m (Vt, Ut)

Ut
, (23)

where p(θ̃t) is increasing in θ̃t. The matching rate is q
(
θ̃t

)
≡

m(Vt, Ut)/Vt, and q(.) and p(.) are therefore related according to
p

(
θ̃t

)
= θ̃tq(θ̃t). We then write the law of motion for employment

as

Nt = (1 − λ) Nt−1 + p
(
θ̃t

)
Ut. (24)

The first element of labor market equilibrium is derived from this
problem, namely, the value to the household of an addition job. This
is given by Sw

t (i) ≡ ∂Wt

∂Nt(i)
1

Uc,t
, where Uc,t is the marginal utility of

consumption.
The second element comes from the firm side. In par-

ticular, intermediate goods production entails the operation
of the following production technology, at firm i, given by
Yt (i) = exp (ua

t ) (Ht (i) Nt (i))1−α
Kt (i)α. Firm i posts vacancies
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Vt(i), and doing so entails a utility cost to the firm’s management
of C(Vt(i)), where C(.) is convex. Specifically, following Thomas
(2008),

C (Vt (i)) =
1

Uc,t

χv

1 + ψv

(
Vt (i)
Nt (i)

)1+ψv

Nt (i) . (25)

The stock of employment at firm i evolves according to Nt+1 (i) =
(1 − λ) Nt + q

(
θ̃t

)
Vt(i). The firm’s problem is to maximize the dis-

counted flow of future profits subject to the vacancy posting cost
and to the law of motion for employment by choice of vacancies,
employment, and capital. The resulting marginal value of employ-
ment Sf

t (i) to the firm can be used to derive the job creation curve,
which relates the firm’s vacancy rate Zv

t (i) ≡ Vt(i)/Nt(i) to the
marginal product of labor, the vacancy posting cost, and—given the
law of motion for employment—the future vacancy rate, Zv

t+1(i).
Nominal wages are set on a staggered basis. When not reoptimized,
wages are indexed to past outturns. When reoptimized, firms and
workers engage in Nash bargaining, which results in the joint sur-
plus to workers and firms of an employment match being divided
according to

Sf
t (i) = ξ

[
Sf

t (i) + Sw
t (i)

]
, (26)

where ξ ∈ [0, 1] is the bargaining power of firms. This condition
results in an expression for the Nash bargained real wage, and the
gap between this Nash wage and real wage outturns becomes the
key argument on the right-hand side of the wage Phillips curve
(see Thomas 2008), replacing the unemployment gap in the baseline
model.

Finally, bargaining over hours is assumed to be efficient, max-
imizing the joint surplus of workers and firms. This results in an
expression equating the marginal revenue product of labor with the
marginal rate of substitution between hours and consumption.

The remainder of the model is left unchanged vis-à-vis the base-
line, with the exception that the labor supply block no longer con-
tains a role for the parameter ν, which previously controlled the
strength of the wealth effect on labor supply.

In addition to the new equations tracking the stock of employ-
ment, labor market tightness, the unemployment rate, and the
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vacancy rate, the matching problem generates two key additional
relationships together with a modification to the wage Phillips curve.
In log-linear terms, the wage Phillips curve becomes

πw,t − γwπw,t−1 = β
(
1 − p

(
θ̃
)

− λ
)

Et (πw,t+1 − γwπw,t)

+ λw (wn
t − wt) , (27)

where wn
t is the Nash-bargained wage described above, and wt =

wt−1 + πw,t − πt is the real wage. In addition, the labor market
block includes a linearized Nash wage condition, which relates the
Nash-bargained wage to the marginal disutility of labor supply, the
marginal product of labor, and exogenous variation in uu

t , house-
holds’ disutility of employment; and a linearized job creation curve,
which relates vacancy posting positively to the marginal product of
labor and negatively to the cost of vacancy posting. A complete set
of linearized equations is available in the appendix.

Estimation Results: Labor Market Frictions. The priors
for estimation are the same as in the baseline model, but with two
exceptions. First, the parameter ν no longer enters the model, and
so is dropped. Second, because the Nash wage gap rather than the
unemployment gap enters the wage Phillips curve, and the former
has a greater volatility than the latter, we adjust the prior on its
slope downwards so that the response of wages and unemployment to
demand shocks broadly matches that in the baseline model. Finally,
a number of new steady-state relationships are introduced in the
labor frictions model that do not exist in the baseline model. We cal-
ibrate these to U.K. data. In particular, we assume a steady-state
job-finding rate of 30 percent, which matches the U.K. pre-crisis
average; a steady-state unemployment rate of 5 percent; a labor
share of income of 67 percent; a vacancy posting cost of 1 percent of
GDP, following Thomas (2008); and equal bargaining power between
firms and workers. The steady-state employment rate, capital share
of income, and disutility of employment follow as a result of these
parameter settings.

The parameter estimates for the model with labor market match-
ing frictions are shown in table 3, column 4. Relative to the baseline
model reported in column 1, the productivity process is estimated to
be less persistent, although its volatility is much increased. Some of



Vol. 15 No. 5 Understanding the United Kingdom’s Wageless 345

the supply-side persistence previously estimated to originate in tech-
nology shocks is replaced by labor market shocks—the “u*” shock
in particular, whose persistence is estimated to be much greater in
this variant of the model, but whose volatility falls. Estimates of the
other structural parameters remain broadly similar to the baseline
model, with the main exceptions being the estimated degrees of per-
sistence in the nominal wage and inflation processes (γw and γp),
estimates of which approximately double. The investment elasticity
rises—unlike in the model with financial frictions—indicating lower
investment adjustment costs.

The shock-based decomposition of wage growth is shown in figure
13, panel D. Compared with the baseline model, the role of technol-
ogy shocks in explaining wage weakness is much reduced. In their
place, demand shocks and reductions in households’ disutility from
employment—the stand-in for “u*” shocks in this model—make sub-
stantial contributions to explaining post-crisis wage weakness. This
appears to be for two reasons. First, the estimated size and per-
sistence of technology shocks is lower in the labor frictions model.
Second, and more importantly, conditional on technology shocks,
the co-movement of wage inflation and output changes from posi-
tive in the baseline model to negative in the labor frictions model.
This is because of greater sluggishness in the adjustment of labor
market quantities in the labor frictions model compared with the
baseline model. This means the disinflationary effects of positive
technology shocks appear in labor “prices” (i.e., nominal wages) to
a greater extent than they appear in labor “quantities” (i.e., unem-
ployment and employment) when there are search-and-matching
frictions. Thus, negative technology shocks tend to boost nominal
wage inflation in the labor frictions model, whereas they drag on
wage inflation in the baseline model.

However, the fit of the search-and-matching model is substan-
tially inferior to the preceding variants, as indicated by the marginal
data densities shown in the final row of table 3. Compared with
the baseline model, for example, the marginal data density of the
search-and-matching model is around 378 points lower. As a result,
the Bayes factor indicates very strong support in favor of the base-
line model over the model with matching frictions, suggesting that,
at the margin, the data favor an explanation for weak wage growth
that leans heavily on weak productivity outturns.
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7. Concluding Remarks

As U.K. unemployment fell strongly from the middle of 2013, faster
than implied by GDP growth, why did wage growth fail to pick up?
Did the wage Phillips curve break down? There are two (broad) can-
didate explanations: first, that the fall in unemployment was accom-
panied by the concomitant fall in the natural rate of unemployment,
such that weak wage growth reflected a lingering output gap; sec-
ond, that the fall in unemployment in fact reflected a strong recovery
in demand, with weak wage growth being explained by some other
factors, perhaps weak productivity, which also dragged on demand.
This paper suggests the data favor a mix of explanations, but with
the balance of evidence favoring the latter explanation: a strong
abatement of demand headwinds lowered unemployment, but weak
productivity growth kept wage growth low and meant unemploy-
ment could fall more quickly than implied by GDP growth. These
conclusions are subject to uncertainty, and necessarily depend on a
number of modeling choices. For example, the baseline model sug-
gesting these conclusions has been kept as parsimonious as possible.
However, richer models including financial frictions or search-and-
matching labor market frictions either suggest similar conclusions or
seem to fit the data less well.

Appendix

Benchmark Model

Households

Households of unit measure each contain a continuum of members
represented by the unit square, indexed by the pair (i, j) ∈ [0, 1]2,
where dimension i represents the type of labor service the individ-
ual supplies, and where j indexes his or her disutility from work.
The disutility of labor is given by jϕ. Nt(i) denotes the fraction
of a particular household’s members that supplies labor of type
i, so that for the household as a whole, the disutility of labor is∫ 1
0

∫ Nt(i)
0 jϕdj di = (1 + ϕ)−1 ∫ 1

0 Nt (i)1+ϕ
di. In addition to choosing

the fraction of the household that supplies labor (described further
below), the household chooses consumption to maximize
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U ≡ Et

∞∑
t=0

βt exp(ũc
t)

[
log(Ct − hCt−1)

− exp(ul
t)

1 + ϕ
Xt

∫ 1

0
Nt(i)1+ϕdi

]
, (28)

in which Et is the mathematical expectations operator, Ct denotes
the household’s consumption of a CES bundle of differentiated final
goods varieties, β determines the rate of time preference, h deter-
mines the strength of habits in consumption, and ϕ determines the
elasticity of labor supply. Variable ul

t is a shock to the marginal dis-
utility of working, which we refer to as a labor supply shock, and
which follows an exogenous AR(1) process, ul

t = ρlu
l
t−1 + εl

t, εl
t ∼

N(0, σ2
l ). Similarly, the variable ũc

t is a disturbance to intertempo-
ral preferences, a linear scaling of which uc

t also follows an AR(1)
process, uc

t = ρcu
c
t−1 + εc

tε
c
t ∼ N(0, σ2

c ).14 Finally, variable Xt is
introduced to allow for a flexible parameterization of the wealth
effect on labor supply. In particular,

Xt ≡ St (Ct − hCt−1)
−1

, (29)

St = S1−ν
t−1 (Ct − hCt−1)

ν
. (30)

Maximization of U is subject to the following flow budget constraint:

PtCt + Dt + Qk
t Sk

t = (1 + it−1) Dt−1 + Rk
t Qk

t−1S
k
t−1

+
∫ 1

0
Wt(i)Nt(i)di + Jt, (31)

where Pt is the aggregate price level; Dt are savings in the form of
one-period risk-free bonds, paying the nominal interest rate 1 + it;
Sk

t are claims on the physical capital stock with price Qk
t in terms

of final goods, which yield a return Rk
t ; Wt(i) is the nominal wage

of labor type i; and Jt are profits returned to the household lump
sum from firms in the economy. The familiar optimality conditions

14The rescaling ensures the intertemporal preference shock enters the consump-
tion Euler equation with a unit coefficient. The rescaling is uc

t ≡ 1−h
1+h

(1 − ρc) ũc
t ,

where ρc is the AR(1) coefficient in the process governing ũc
t .
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resulting from this problem include the optimal consumption plan,
which satisfies

Etβ
exp(ũc

t+1)
exp(ũc

t)
Uc,t+1

Uc,t

1 + it
Πt+1

= 1, (32)

where Πt ≡ Pt/Pt−1 is the gross CPI inflation rate and Uc,t ≡
(Ct − hCt−1)

−1 is the marginal utility of consumption, together with

Etβ
exp(ũc

t+1)
exp(ũc

t)
Uc,t+1

Uc,t

1
Πt+1

[
(1 + it) − Rk

t+1
]

= 0, (33)

which equates returns on bonds and capital. The intertemporal dis-
turbance in the consumption Euler equation can be seen as driving
a wedge between the ex ante real interest rate and the realized real
interest rate. This plays the role of a demand shock in the model. An
alternative interpretation is that it serves as a stand-in for shocks
originating in the financial sector that drive a wedge between the
interest rate paid or received by households, and the risk-free interest
rate implemented by the monetary authority.

Regarding labor supply, a household worker supplying labor
type i will find it worthwhile to supply labor if Uc,t × Wt(i)/Pt ≥
exp

(
ul

t

)
Xtj

ϕ, such that the marginal supplier of labor Lt(i) is

Uc,t
Wt(i)

Pt
= exp

(
ul

t

)
XtLt (i)ϕ

. (34)

This is the labor supply schedule for labor type i. From this and the
definitions of Xt and St above, we see that as ν → 1, the standard
wealth effect on labor supply operates fully: as consumption rises,
the marginal utility of consumption falls and the labor supply curve
shifts inwards. Allowing for ν < 1 means this effect can be reduced,
however, and as ν → 0, the wealth effect on labor supply disappears.
In this case, labor supply only rises in response to higher real wages
or due to shocks to the disutility of working.

Production

Goods producers f ∈ [0, 1] generate differentiated-products final
goods using the production function Yt (f) = exp (ua

t ) Nt (f)1−α
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Kt−1 (f)α, where Nt(f) is a bundle of labor types employed, defined
by

Nt (f) ≡
[∫ 1

0
Nt (f, i)

εw,t−1
εw,t di

] εw,t
εw,t−1

, (35)

where εw,t controls the elasticity of substitution between types of
labor, which is subject to exogenous variation (described below),
and where Kt−1(f) is capital installed in period t − 1 available for
use in production in period t. The variable ua

t follows an exogenous
AR(1) process ua

t = ρaua
t−1 + εa

t , εa
t ∼ N(0, σ2

a) and captures exoge-
nous variation in total factor productivity, which is assumed to be
stationary. Labor demand for labor type i is

Nt (f, i) =
(

Wt (i)
Wt

)−εw,t

Nt(f), (36)

where Wt ≡
[∫ 1

0 Wt (i)1−εw,t di
] 1

1−εw,t , such that
∫ 1
0 Wt (i) Nt(f,

i)di = WtNt(f), allowing the firm’s profit function to be written,

Pt (f) ≡ (1 + τ) Pt (f) Yt (f) − WtNt (f) − Zk
t Kt−1 (f) , (37)

where τ is a production subsidy offsetting the steady-state distortion
associated with monopolistic competition in the goods market and
Zk

t is the return on capital. Pt (f) is the firm’s selling price, and it
faces a demand curve for its product given by

Yt (f) =
(

Pt (f)
Pt

)−εp,t

Yt, (38)

where εp,t is the elasticity of substitution between varieties of final
good, which is subject to exogenous variation (described below).
Firm f resets its price only with probability 1 − θp each period;
when it is not reset, it is indexed to past inflation with intensity γp.
The firm’s problem is to choose its reset price to solve

max
P ∗

t (f)
Et

∞∑
i=0

θi
pΛt,t+i

[
(1 + τ) P ∗

t (f)
i∏

k=0

Πγp

t+k+i − Mt+i (f)

]
Yt+i|t(f),

(39)
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where Yt+i|t (f) = (P ∗
t (f) /Pt+i)

−ε
Yt+i is demand in period t + i

conditional on having reset price to P ∗
t (f) in period t, Λt,t+i ≡

βUc,t+i/Uc,t is the household’s stochastic discount factor used to
value future profits, and Mt+i(f) is the firm’s nominal marginal
cost. This, in turn, is related to factor demands according to

Mt (f) (1 − α)
Yt (f)
Nt (f)

= Wt, (40)

Mt (f) α
Yt(f)
Nt(f)

= Zk
t , (41)

while the first-order condition for the firm’s optimal pricing decision
is

Et

∞∑
i=0

θi
pΛt,t+i

[
(1 + τ) P ∗

t (f)
i∏

k=0

Πγp

t+k+i − εp,t

εp,t − 1
Mt+i (f)

]

× Yt+i|t(f) = 0. (42)

Observe that in steady state, (1 + τ) P ∗ (f) = εp

εp−1M(f), such that
a subsidy that is increasing in the price markup 1 + τ = εp

εp−1 ≡ μp

ensures that pricing is efficient in steady state. Letting the price
markup μp,t ≡ εp,t

εp,t−1 be subject to exogenous variation that is linear
in logs captures exogenous variation in firms’ pricing power which
can generate increases or decreases in inflationary pressure. In par-
ticular, let log μp,t ≡ up

t = ρpu
p
t−1 + εp

t ,εp
t ∼ N(0, σ2

p), such that by
symmetry across firms, the price Phillips curve reads, in log-linear
terms, as

πt − γpπt−1 = βEt (πt+1 − γpπt) + λpmt + up
t , (43)

where mt is log real marginal cost.

Wage Setting

Wage bargaining takes place on behalf of workers by recruitment
agencies, which reset wages only periodically. In any period, the
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probability of wage renegotiation is 1 − θw, which is undertaken by
recruitment agencies with the objective of maximizing

max
W ∗

t

Et

∞∑
k=0

(βθw)k
U(Ct+k|t, Nt+k|t), (44)

where U(., .) is the period utility function for workers, where
Xt+k|t, X = {C, N}, denotes consumption or employment in period
t + k whose wage was reset in period t at W ∗

t . The problem is to
choose the optimal reset wage subject to the household’s budget con-
straint and the sequence of labor demands from firms given above,
resulting in

∞∑
k=0

(βθw)k
Et

[
Nt+k|tUc,t+k|t

W ∗
t

Pt+k
+

εw,t

εw,t − 1
Un,t+k|t

]
= 0, (45)

where Un,t is the marginal utility of supplying extra labor. Defining
the marginal rate of substitution between consumption and leisure
MRSt+k|t ≡ −Un,t+k|t/Uc,t+k|t = − exp

(
ul

t

)
StN

φ
t+k|t, this becomes

∞∑
k=0

(βθw)k
Et

[
Nt+k|tUc,t+k|t

(
W ∗

t

Pt+k
− εw,t

εw,t − 1
MRSt+k|t

)]
= 0,

(46)

an expression determining the wage markup. In steady state, the
real wage is related to the marginal rate of substitution between
consumption and labor according to W ∗/P = εw

εw−1MRS, where
μw ≡ εw

εw−1 is the steady-state wage markup. Around the steady
state, we allow the log wage markup to undergo exogenous variation,
described further below. Further, wages that are not reoptimized
are indexed to past wage inflation: Wt+k|t = Wt+k−1|tΠ

γw

w,t−1Π
1−γw ,

where Πw,t is wage inflation, and such that the aggregate wage index
evolves according to

W 1−εw
t = θw

(
Wt−1Π

γw

w,t−1Π
1−γw

)1−εw + (1 − θw) (W ∗
t )1−εw . (47)

Unemployment and the Wage Phillips Curve

The following is Gaĺı’s (2011) reinterpretation of the staggered-wage-
setting process described by Erceg, Henderson, and Levin (2000) in
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terms of a wage Phillips curve à la Phillips (1958). Letting lowercases
denote log-deviations, the unemployment rate is ut = lt − nt, i.e.,
the excess of labor supply over labor demand. In log-linear terms,
the labor supply condition derived above can be written wt − pt =
st + ϕlt + ul

t. Similarly, the optimal wage-setting condition gives a
log-linear expression for the wage markup of μw

t = wt −pt −mrst, in
which mrst = st+ϕnt+ul

t. Combining these gives the wage markup
as

μw
t = ϕ (lt − nt) = ϕut, (48)

i.e., the wage markup is directly proportional to the unemployment
rate. Next, note that the wage-setting problem above results in the
following expression for nominal wage inflation:

πw,t − γwπw,t−1 = βEt (πw,t+1 − γwπw,t) − λ̃w (μw
t − μw∗

t ) , (49)

in which μw∗
t is the natural wage markup and λ̃w ≡ (1 − βθw)(1 −

θw)/θw(1+εwϕ). Using the expression for the wage markup, we can
then write the wage Phillips curve as

πw,t − γwπw,t−1 = βEt (πw,t+1 − γwπw,t) + λw (ut − u∗
t ) , (50)

where λw ≡ ϕλ̃w such that u∗
t ≡ μw∗

t /ϕ is the natural rate of unem-
ployment, which we assume follows an exogenous AR(1) process,
u∗

t = ρuu∗
t−1 + εu∗

t , εu∗
t ∼ N(0, σ2

u).

Capital Goods Producers

Capital goods are produced by perfectly competitive firms that
transform final goods into capital goods, subject to “flow” adjust-
ment costs. Such producers solve

max
{It}∞

t=0

Et

∞∑
i=0

Λt,t+i

[(
Qk

t − 1
)
It+i − f

(
It+i

It+i−1

)
It+i

]
, (51)

where Qk
t is the real price of capital goods in terms of final goods,

and the function f(.) captures investment adjustment costs, which
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satisfies f ′ (1) = 0, f ′′ (1) > 0. The first-order condition for invest-
ment is

Qk
t = 1 + f

(
It

It−1

)
+ f ′

(
It

It−1

)
It

It−1

− EtΛt,t+1f
′
(

It+1

It

) (
It+1

It

)2

, (52)

which determines the dynamics of Tobin’s Q. Finally, as a result
of investment activity, the capital stock evolves according to Kt =
(1 − δ) Kt−1+It, where δ is the depreciation rate of physical capital.

Market Clearing and Monetary Policy

Finally, the goods market must clear:

YtΔt = Ct +
(

1 + f

(
It

It−1

))
It, (53)

where Δt is an index of price dispersion across producers; house-
holds’ claims on the physical capital stock must equal the total stock,
Sk

t = Kt; and monetary policy seeks to stabilize inflation and the
output gap according to the rule

1 + it
1 + i

=
(

1 + it−1

1 + i

)ρi
(

Πφπ

t

(
Yt

Y ∗
t

)φy
)1−ρi

exp(εi
t), (54)

where Y ∗
t is the level of output that would prevail under flexible

prices, and where εi
t ∼ N(0, σ2

i ) is a shock to the monetary policy
rule.

Model with Banking and Financial Frictions

Derivation

In the model with financial frictions, the banker’s problem is to
maximize V b

0 (i) ≡ E0
∑∞

t=0 Λ0,t[(1 − σb) N b
t (i) + σbV

b
t (i)] subject

to the balance sheet constraint, Qk
t Sb

t (i) = Dt (i) + N b
t (i), and the

incentive compatibility constraint, V b
t (i) ≥ θbQ

k
t Sb

t (i). We form the
Lagrangean:

Lb (i) =
(
1 + λb

t

)
V b

t (i) − λb
t (i) θbQ

k
t Sb

t (i).
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We guess that the value of the bank takes the following form:
V b

t (i) = νk
t Qk

t Sb
t (i) − νd

t Dt(i). Using the balance sheet constraint,
we then get

V b
t (i) = νk

t Qk
t Sb

t (i) − νd
t

[
Qk

t Sb
t (i) − N b

t (i)
]
,

such that the first-order condition for lending is(
1 + λb

t

) (
νk

t − νd
t

)
= λb

tθb,

which relates the lending spread to the tightness of the incentive
compatibility constraint, measured by λb

t . We assume the constraint
binds in the neighborhood of the steady state we study, in which
case we also have(

νk
t − νd

t

)
Qk

t Sb
t (i) + νd

t N b
t (i) = θbQ

k
t Sb

t (i) ,

which relates the scale of the balance sheet to the size of “divertible”
assets; this expression, in effect, determines the bank’s leverage. Note
that this can be rearranged to give

Qk
t Sb

t (i) =
νd

t

θb − (νk
t − νd

t )
N b

t (i) .

So V b
t =

(
νk

t − νd
t

)
Qk

t Sb
t (i) + νd

t N b
t (i) = θb

θb−(νk
t −νd

t )ν
d
t N b

t (i), or

V b
t = νd

t

(
1 + λb

t

)
N b

t (i) .

Then the bank’s value can be written as a linear function of its net
worth:

V b
t (i) = EtΛt,t+1

[
(1 − σb) N b

t+1 (i) + σbV
b
t+1 (i)

]
= EtΛt,t+1Ωb

t+1N
b
t+1 (i) ,

where

Ωb
t+1 ≡ 1 − σb + σb

θb

θb −
(
νk

t+1 − νd
t+1

)νd
t+1.
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Note that this related to the Lagrange multiplier λb
t because

λb
t =

νk
t − νd

t

θb −
(
νk

t − νd
t

) .

So

Ωb
t+1 = 1 − σb + σbν

d
t+1

(
1 + λb

t+1
)
.

Then, because N b
t+1(i) = Rk

t+1Q
k
t Sb

t (i) − RtDt(i), we have

νk
t Qk

t Sb
t (i) − νd

t Dt (i) = EtΛt,t+1Ωb
t+1[R

k
t+1Q

k
t Sb

t (i) − RtDt(i)]

such that equating coefficients yields

νk
t = EtΛt,t+1Ωb

t+1R
k
t+1

νd
t = EtΛt,t+1Ωb

t+1Rt.

Finally, we assume exiting bankers are replaced each period with
a fraction ξb of last period’s bankers’ gross returns, such that, in
aggregate,

N b
t+1 = (σb + ξb) Rk

t+1Q
k
t Sb

t − σbRtDt.

Moreover, bank loans finance the physical capital stock, such that
Qk

t Sb
t = Qk

t Kt.
In summary, then, the complete set of banking equations is(

1 + λb
t

) (
νk

t − νd
t

)
= λb

tθb

(νk
t − νd

t )Qk
t Sb

t (i) + νd
t N b

t (i) = θbQ
k
t Sb

t (i)

Ωb
t = 1 − σb + σbν

d
t

(
1 + λb

t

)
νk

t = EtΛt,t+1Ωb
t+1R

k
t+1

νd
t = EtΛt,t+1Ωb

t+1Rt

N b
t+1 = (σb + ξb)Rk

t+1Q
k
t Sb

t − σbRtDt

Qk
t Sb

t = Dt + N b
t

Qk
t Sb

t = Qk
t Kt.
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This represents eight new equations in seven new variables:
(Sb, D, N b, νk, νd, λb, Ωb). The remaining amendment to the base-
line model is to drop the bond-equity arbitrage condition, which
is replaced by the equation for the credit spread provided by the
banking-sector block.

Steady State

Compared with the frictionless model, the key difference to the
model steady state in the presence of banking frictions is the pres-
ence of a steady-state credit spread, represented by Rk − R > 0,
the excess return on capital over the risk-free interest rate. We treat
the following as calibration targets, with the remaining parameters
being chosen so as to be consistent with these targets in equilibrium:
the steady-state credit spread, Rk − R; bank leverage, Sb/N b; and
the exit rate of bankers, or, equivalently, the bank’s dividend rate,
σb.

From the net worth accumulation equation, N b = (σb + ξb) RkSb−
σbRD, we get

ξb =
Nb

Sb + σb

[
R

(
1 − Nb

Sb

)
− Rk

]
Rk

,

since 1 − Nb

Sb = D
Sb .

From the spread equation,(
1 + λb

)
βΩb

(
Rk − R

)
= λbθb.

From the balance sheet equation,

θb = βΩb

[(
Rk − R

)
+ R

N b

Sb

]
,

which gives us θb when we know Ωb. So dividing one by the other,

λb =
Rk − R

R

1
Nb

Sb

.

From the discount factor, Ωb = 1 − σb + σbβΩbR
(
1 + λb

)
, since

vd = βΩbR = Ωb, so Ωb = 1−σb

1−σb(1+λb) .
This can be plugged into the expression above to learn θb.
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Linearized Banking Equations

Letting hats and lowercase variables denote log-deviations from
steady state, we have

(
1 + λb

) (
vk v̂k

t − vd v̂d
t

)
+

(
vk − vd

)
λb λ̂b

t = θbλ
b λ̂b

t(
vk − vd

) (
qk
t + sb

t

)
+

(
vk v̂k

t − vd v̂d
t

)
+ vd N b

Sb

(
v̂d
t + nb

t

)
= θb(qk

t + sb
t)

Ωb Ω̂b
t = σbvdλ̂b λb

t + σbvd
(
1 + λb

)
v̂d
t

v̂k
t = Λ̂t,t+1 + Ω̂b

t+1 + rk
t+1

v̂d
t = Λ̂t,t+1 + Ω̂b

t+1 + rt

N b

Sb
nb

t = (σb + ξb) Rk
(
rk
t + qk

t−1 + sb
t−1

)
− σbR

D

Sb
(rt−1 + dt−1)

qk
t + sb

t =
D

Sb
dt +

N b

Sb
nb

t

sb
t = kt.
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