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Abstract

The slow recovery of the Euro area from the crisis since 2009 and persistently disappointing
GDP growth figures have been accompanied by low inflation, a sharp fall in the investment
and employment shares, stable consumption shares, and rising wage shares. We attempt to
match these stylised facts with a structural macroeconomic model by examining the
contributions of shocks related to declining TFP growth, higher risk premia associated with
the financial and sovereign crises, fiscal policy and household deleveraging. We find that risk
premia shocks in particular go a long way in explaining the recession but that only the decline
in trend TFP growth can explain its prolonged nature and slow recovery.
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1. INTRODUCTION

By now it is evident that the economic recovery after the onset of the Great Recession in
2009 has been very slow both in industrialised countries as well as in the Euro area in
particular. In a recent study, Ball (2014) estimates an average output loss of 8.4% for a
sample of OECD countries. Based on projections of the European Commission the output
loss has been approximately 9% in the Euro area under the assumption that pre-crisis TFP,
capital accumulation and employment trends would have continued. Following a financial
crisis episode this in itself is not surprising, since there is by now ample evidence that output
losses tend to be large and persistent after recessions (see e.g. Schularick and Taylor (2012)).
However, the Euro area economy stands out since even in 2014, real GDP has not yet
regained its pre-crisis peak, and the episode since 2009 has been characterised by a double
dip recession and low inflation. By investigating further dimensions of the data we find that
the slow recovery is also characterised by a persistent decline in investment and employment
shares and an increase in the share of private consumption in GDP, an increase in the wage
share and an increase in the current account to GDP ratio.

The aim of this paper is to attempt to match the subdued growth recovery of the Euro area, as
well as the behaviour of other macroeconomic variables of interest through the lens of a
structural macroeconomic model subjected to several shocks that we identify from the data as
being relevant.

We proceed by focusing on various hypotheses. Those can be divided into demand and
supply effects. Among the former we consider risk premia shocks associated with the
financial and the sovereign debt crisis (uncertainty), fiscal policy shocks (a stimulus in 2009
followed by consolidations) as well as household deleveraging, that is adjustment to excess
asset accumulation (residential investment). Among supply shocks we focus on the decline in
trend TFP growth and the backward revision of overly optimistic pre-2009 trend TFP
expectations. The demand factors are certainly playing an important role and are consistent
with the stylised fact of low growth and low inflation. However, similar to Justiniano et al
(2013) it is nevertheless difficult to generate a persistent decline in the growth rate even by
assuming a high persistence in demand shocks.

We use a standard two-country model comprising of the Euro area (EA) and a rest of the
world aggregate (RoW) with nominal frictions in prices and wages, a distinction of
households into liquidity-constrained and Ricardian, an expanded fiscal sector with a role for
productive government investment, as well as other features arising from rigorous
microfoundations and that have been established as empirically relevant.

We look at two mechanisms which can possibly explain a more persistent decline of GDP,
namely first, a sequence of unanticipated risk shocks in the EA, accounting the sovereign
debt crisis in 2012/13 which followed the financial crisis in 2009 and, second, a slowdown of
TFP growth which can be identified from looking at various vintages of potential growth
estimates for the EA.

The results suggest that the TFP shocks we identify in the data, namely a permanent level
shift in 2009 and a slowdown of TFP growth rates are in principle consistent with lower



growth and low inflation. Since the model predicts that households will adjust consumption
rather rapidly in anticipation of expected lower future income growth, adverse supply shocks
can generate low demand and prove to be deflationary. However, we require the selected
shocks not only to match GDP growth and inflation since 2009, but also other observed
trends such as a decline in the investment rate, an increase in the ratio of private consumption
to GDP, an increase in the trade balance, a decline of the employment rate and an increase in
the wage share

This remainder of the paper is organised as follows. In section 2 we first provide information
about the nature of the (slow) recovery. In section 3 we present the variant of the European
Commission’s QUEST model which we use for quantifying the impact of these shocks.
Section 0 discusses the construction of shocks and their calibration. Section 5 presents the
model-based outcomes for each individual shock and combined, and finally Section 6
concludes.

2. EVOLVING VIEWS ABOUT THE POST CRISIS SLUMP

In this section we document the severity of the post crisis slump. This can be best illustrated
by comparing GDP growth since 2009 with previous recoveries from recessions.

As shown by Figure 1 and Figure 2 compared to previous recessions the recovery from the
financial crisis of 2009 is exceptionally weak, this being especially true for the period since
2012. The double dip nature of the recession is also particular for the case of the EA. While
output gaps are seen as very persistent, a substantial part of low growth is attributed to a
decline of potential growth by standard procedures.

Figure 1: Recoveries after Major Recessions, real GDP (Y0=100)
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Figure 2: Recoveries after Major Recessions, EA12
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Source: AMECO. DG ECFIN calculations

Though there exist differences about the size of the output gap and the magnitude of revisions
a general tendency of reducing potential growth estimates can be observed from both the
OECD and the European Commission®.

As can be seen by Figure 3 this view has evolved over time. The figure shows potential
growth and output gap estimates in real time (for the respective current year) and the ex-post
assessment based on the 2014 data vintage. While initially the financial crisis was seen as
resulting in a large recession, some optimism about its limited impact on potential growth
prevailed. As time moved on we can observe a tendency towards a downward revision of
initially large negative output gap estimates accompanied by downward revisions of potential
growth estimates. The International Monetary Fund (IMF) in its recent World Economic
Outlook from April 2015 (IMF, WEO 2015) concludes that potential growth has slowed
down significantly in advanced industrialised countries. We interpret this evidence as
supporting the view expressed in this paper that the magnitude of the adverse shocks
associated with the financial crisis only gradually revealed itself to economic agents.

It is also important to examine which component of potential growth has mostly been revised
downwards. In Figure 4 we illustrate the estimates provided DG ECFIN of the European
Commission, which attribute a large component of potential growth to have declined due to a
fall in trend TFP. Trend TFP growth was already revised down in 2009, however at that time
it was rather seen as a revision of too optimistic trend growth projections associated with the
pre-crisis boom. In the meantime trend TFP growth has been further reduced.

> This observation is not only confined to the OECD and ECFIN, but is also true for the IMF and national
estimates, as for example carried out by the CBO in the US.
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It is clear from Figure 4 that there was a substantial change in the TFP trend growth rate from
the pre-crisis baseline of 2008. More specifically in 2009 the trend growth rate decline by
approximately 16% and then a further 5% in 2012. This change in growth rates was at the
same time accompanied by a reduction in levels of approximately 2% in 2009 and a further
1% in 2012.

Figure 3: Euro Area Output Gap Estimates, Real time vs. Ex-post
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Source: DG ECFIN calculations and OECD

When interpreting these trend growth revisions and the most recent trend estimate, one
should also keep in mind that compared to average actual TFP growth, the trend estimate for
the rate of technical progress still appears optimistic (Figure 5). While levels of TFP have so
far not reached the peak in 2008, the trend TFP growth estimates still show a positive rate.



Figure 4: TFP trend estimates for EA (various vintages)
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Figure 5: Actual TFP, Trend TFP and Capacity Utilisation
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As is evident, the difference is mostly explained by correcting actual TFP for the degree of
capacity utilisation which has been low persistently since 2009°.

Finally, a slowdown of growth and inflation are the phenomena most often mentioned when
characterising the post-2009 crisis episode. A closer look at the data does, however, reveal
that other economic ratios also show particular patterns since 2009. The most striking of
those are summarised in Table 1 and represent important evidence a model in conjunction
with selected shocks should match.

Table 1: Stylized Facts for Euro Area

2008 2009 2010 2011 2012 2013 2014

GDP growth 0.5 -4.5 2.0 1.6 -0.7 -0.5 0.8

Consumption (% of GDP) | 55.3 56.5 56.3 56.2 56.2 56.0 55.8

Investment (% of GDP) 23.0 21.1 20.6 20.7 20.1 19.6 19.5

Employment share 69.3 67.9 67.6 67.6 67.4 66.9 67.1
Wage share 62.0 63.8 63.2 63.0 63.6 63.8 63.9
Nominal interest rate 35 1.1 1 1.25 0.8 0.5 0.25

Inflation (GDP deflator) 1.9 1.0 0.7 1.1 1.3 0.9 1.1

Real effective exchange

103.0 108.1 100.0 100.4 96.1 102.5 103.8
Rate

Government debt

(% of GDP) 68.5 78.3 83.8 86.4 90.8 931 945

Household debt

(% of GDP) N/A 68.9 69 67.7 66.8 65.6 N/A

Trade balance
(% of GDP)

®See Mc Morrow et al (2014) for an explanation of the TFP trend estimation method used by DG ECFIN.
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The most important characteristics of Table 1 relate to the W-shaped response of GDP, that is
the double dip recession and implying a persistent decline of GDP growth. At the same time
however, there is a persistent increase of the consumption-to-GDP ratio (starting in 2008), as
well as a persistent declines in the investment-to-GDP and ratios and the employment rate.
Moreover, the wage share appears to be increasing and inflation (given by the GDP deflator)
persistently declines. There is also a persistent decline in the nominal short term interest rate
as well as a gradual increase in the government debt-to-GDP ratio. Finally, the real effective
exchange rate remains roughly constant, but we observe a persistent increase in in the trade
balance as a share of GDP.

The paper argues and then shows that a disciplined and data-motivated combination of the
following shocks can generate these stylised facts: i) a risk premium shock for corporate
investment in 2009, ii) a risk premium shock for corporate investment in 2012, iii) a
reduction in housing investment (to correction for overinvestment), iii) fiscal stabilisation in
20009, iv) declining TFP growth, vi) increased wage mark up (rising NAWRU).

3. MODEL DESCRIPTION

The analysis in this paper uses the QUEST Il model (Ratto et al., 2009). QUEST Il is a
quarterly macroeconomic model and a member of the class of New-Keynesian Dynamic
Stochastic General Equilibrium (DSGE) models. The model has rigorous microeconomic
foundations derived from utility and profit maximization and includes frictions in goods,
labour and financial markets.

The model version used here is a multi-region open-economy setup with two production
sectors that, respectively, produce tradable (T) and nontradable (NT) goods. There are two
types of households: liquidity-constrained households (I), and intertemporally optimising
Ricardian households (r). All households consume and supply labour. In addition, Ricardian
households invest into domestic productive capital, domestic government bonds and a foreign
bond, own the firms, and obtain the firms’ profits. There is no cross-border mobility of
labour. The government levies taxes and spends its revenue on consumption, public
investment, social benefits, transfers, and debt service.

The paper uses a 2-region setup with the Euro area (EA), and the rest of the world (RoW).

3.1. PRODUCTION

Each region is home to firms j operating in the T and NT sectors. Individual firms in T and
NT are indexed by the superscript j=(t, nt). Each firm produces a variety of the T or NT good

that is an imperfect substitute for varieties produced by other firms. Sectoral output O; with
J=(T, NT) is a CES aggregate of the varieties Otj :

1 oil(oj-1)
(l) OtJ = |:j (OtJ )(01 -Dio; dj:|
0



where o; is the elasticity of substitution between varieties j in sector J. The elasticity value

can differ between T and NT, implying sector-specific price mark-ups. Given the imperfect
substitutability, firms are monopolistically competitive in the goods market and face a
demand function for their output:

@ O =(R'/R) 0O

The firms in sector T sell consumption and investment goods and intermediate inputs to
domestic and foreign private households and firms and consumption and investment goods to
domestic and foreign governments. The NT sector sells consumption goods to domestic
households, consumption and investment goods to the domestic government, and
intermediate inputs to domestic firms. Hence, all private investment in physical capital
consists of T goods.

Output is produced with a CES technology that combines value-added (Yt") and intermediate
inputs (INT.). It nests a Cobb-Douglas technology with capital (K, ), production workers (
L) —LO/ ) and public infrastructure ( KG,) for the production of Y,':

(3) Otj — [(1_ sin i ):Uo'in (YtJ )(O'm —Dioy, + (Sin i ):Uo_m ( IN'I'tJ )(O—mfl)/o_in ]O_m/(o_m -1)
4) Ytj = Aj (ucaptj Ktj )1_a (LtJ - Lotj ) KGtag - FCYtj

where sin’ and o, are, respectively, the steady-state share of intermediates in output and the
elasticity of substitution between intermediates and value-added, and A’,ucap/, LO/ and

FCYtj are total factor productivity (TFP), capacity utilisation, overhead labour and fixed
costs of producing.’

Firm-level employment L’ is a CES aggregate of the labour services supplied by individual
households i:

1 01(6-1)
(5) L[J E{J‘ Li[,i(e-l)/edi}

where € indicates the degree of substitutability between the different types of labour i.

The objective of the firm is to maximise real profits (Pr):

©) Pl =IO/~ pIIINTY —(L+ 56! JwL! — pl1] (@0 +ac] + adji=*")

" Lower case letters denote ratios and rates. In particular, pli = le' /P is the price of good j relative to the GDP deflator, w, =W, /P, is the
real wage, ucapl" is actual relative to steady-state (full) capital utilisation, and g is the nominal exchange rate defined as the price of foreign
in domestic currency.



where ssc, , W,, i’ and p/ are the employer social security contributions, the real wage, the

rental rate of capital, and the price of capital. The firms are owned by the intertemporally
optimising households that receive the firms' profits.

The firms face technology and regulatory constraints that restrict their capacity to adjust.
These constraints are modelled as adjustment costs with the following convex functional
forms:

(7a)  adj" =y w(AL)? /2

(7b)  adi’ =7, (7/)"Y /12 with 7/ =R’ /R); -1

(7c)  adi™ = p/ K/ [Vapa (UCAP! ~1) + ¥, » (ucap! ~1)°]/ 2

The firms choose labour input, capital services, capacity utilisation, the price of output j, and

the volume of output j given the demand function (2), the production technology (3) and (4),
and the adjustment costs (7). The first-order conditions (FOC) are:

0 Prj 60’ ; i r r j
(8a) aL[jt => aL:j 77tJ _7|_WtALtJ +7PE (Zm/ﬂ-t \Nt+lAL[J+1) =1+ SSCIJ W,
opr) o0} .
8b Lo —tpl=i'p!
( ) ﬁKtJ 6Ktl 77t t pt
OPr/ 00! : :
8¢ L= L _pl=p'K/ + ucap, —1
( ) 6ucaptj 6ucaptj nt pt t [7/ucap,1 yucap,Z( pt )]
oPr] . . o .
(8d) 50§ => 77tj =1-1/¢’ _gtJ —7p [ﬂEt (ZHl//L ﬂ’-tjﬂ) _ﬂ-tj]
t

where 77tj is the Lagrange multiplier associated with the production technology, A’ the

marginal value of wealth in consumption terms as defined by equation (13) below, and & is
a sector-specific shock to the price mark-up.

Equation (8a) implies that optimising firms equate the marginal product of labour net of
adjustment costs to wage costs. Social security contributions (ssc,’ ) affects labour costs for

employers and, hence, labour demand. Temporary (permanent) shocks to ssc have

temporary (permanent) effects on labour demand. The model includes employment
adjustment frictions, but no hysteresis effects following which temporary shocks to
employment would affect employment levels in the long run.

Equations (8b-c) jointly determine the optimal capital stock and capacity utilisation by
equating the marginal value product of capital to the rental price and the marginal product of
capital services to the marginal cost of increasing capacity. Equation (8d) defines the price
mark-up factor as function of the elasticity of substitution and price adjustment costs. QUEST
follows the empirical literature and allows for backward-looking elements in price setting by
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assuming that the fraction 1-sfp of firms indexes prices to past inflation, which leads to the
specification:

Bd) 7 =1-1/0" -5 —yu| BE A1/ A )SE 7L, +(A-sfp)z),) —7) | with 0<sfp <1
for the inverse of the price mark-ups in the T and NT sectors. Given the symmetry of
objectives and constraints across firms j in sector J, the superscript j for individual firms can
be dropped to obtain aggregate sectoral equations for T and NT. The price setting decision
establishes a link between output and prices in the economy. For constant technology, factor
demand and/or capacity utilisation increase (decline) with increasing (declining) demand for

output, which leads to an increase (decline) in factor and production costs and, hence, an
increase (decline) in the price level of domestic output.

3.2. RESIDENTIAL CONSTRUCTION

Monopolistically competitive firms h in the residential construction sector use new land (
J;"") sold by (Ricardian) households and final goods (3 °™") to produce new houses using

a CES technology

oL

1

— (o L-1) 1

= (o,-1) |ou1
(4) ‘]tH =[SLUL JtLand oL +(1_SL)<7,_ JtConstr oL J
Subject to a quadratic adjustment cost constraint

2
G) gt ey =[Py
™ (R™) ACH ;
New and existing houses are perfect substitutes. Thus households can make capital gains or

suffer capital losses depending on house price fluctuations.

3.2.1. Investment goods producers

There is a perfectly competitive investment goods production sector which combines
domestic and foreign final goods, using the same CES aggregators as households and
governments do to produce investment goods for the domestic economy. Denote the CES

aggregate of domestic and foreign inputs used by the investment goods sector with J,", then
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real output of the investment goods sector is produced by the following linear production

function,

6) J, =J"u’

where U/ is a technology shock to the investment good production technology which itself
follows a random walk ®

7@ u =ul+ g™

3.3. HOUSEHOLDS

The household sector consists of a continuum of households he[0,1]. A fraction s" of all

households are Ricardian and indexed by r and s° households are credit constrained and
indexed by c. The period utility function is identical for each household type and specified as

a nested constant elasticity of substitution (CES) aggregate of consumption (C") and housing

services (H/') and separable in leisure (1—L"). We also allow for habit persistence in

consumption. Thus temporal utility for consumption is given by

O'H

1 o1 L o1 T
(8) U(C!, HM1-L") = logd| sg" (C" —hC!, ) o +sg" HI 0" 1 +exp(ul)si-L )"
All two types of households supply differentiated labour services to unions which maximise a
joint utility function for each type of labour i. It is assumed that types of labour are
distributed equally over the two household types. Nominal rigidity in wage setting is

introduced by assuming that the household faces adjustment costs for changing wages. These

adjustment costs are borne by the household.

® This shock is introduced to capture a divergent trend in relative investment prices.
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3.3.1. Ricardian households

Ricardian households have full access to financial markets. They hold domestic government
bonds (B¢") and bonds issued by other domestic and foreign households (B',B " ), real
capital in the tradable and non tradable sector, (indexed by j) (K1) used in the final goods
production sector as well as the stock of land (Land,) which is still available for building new
houses. In addition they hold a stock of deposits (D) with a financial intermediary who
provides loans to credit constrained households. The household receives income from labour,
financial assets, rental income from lending capital to firms, selling land to the residential
construction sector plus profit income from firms owned by the household (final goods Pr/,
residential construction Pr" and financial intermediaries Pr®). We assume that all domestic

firms are owned by Ricardian households. Income from labour is taxed at rate t"
consumption at rate t°. In addition households pay lump-sum taxes T-°. We assume that
income from financial wealth is subject to different types of risk. Domestic bonds and interest
income from deposits yield risk-free real return equal to r;. Domestic and foreign bonds are
subject to (stochastic) risk premia linked to net foreign indebtedness. An equity premium on

real assets arises because of uncertainty about the future value of real assets. Furthermore, the

discount factor A" is subject to random shocks.
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The Lagrangian of this maximisation problem is given by
(9)

Max V§ =E,> A"U(C!1-L H/)

t=0
@+t)pcCl+ D p! T+ pl @+t +(BET + B! +D,)+rer, B -
i

“Eo Y ABT| @ r)BE 4B + D)~ (L Eren B = (@-t)ify +t¥s*)pliKk ]
t=0 j

—A-t")w, Ll +adj¥ W,)-pta2 > prt —PrH —PrB 4TS
t t=t t tYt t t t t
j=1

0

—Eq ). > AT (K =3{1 — (-6 )K (A
j t=0

0

_EOZQtr'Hﬂrt(Htr _‘]tH'r _(1_5H )Htljir)

t=0
~Eo Y qrtp" (Landt RN Doy e gtL)Landt_l)

t=0
The investment decisions w.r.t. physical capital and housing are subject to convex adjustment
costs, therefore we make a distinction between real investment expenditure (1/7,1"") and
physical investment (J;1, 3"). Investment expenditure of households including adjustment

costs is given by

_ ) Jn 7 _
10a) 1[0 =30 1 LK) L1 T (agny?
( ) t t [ 2 [Ktr,j ]J ) ( t )

JH,I’ 7/H
(10) B RSN KR AR sy  RALN AN RO
oo -3 2(32))

The budget constraint is written in real terms with all prices expressed relative to the GDP
deflator (P). Investment is a composite of domestic and foreign goods.

We follow Bernanke and Gertler (1999) and assume that residential and non-residential
investment decisions are subject to fundamental and non-fundamental shocks. From the
FOCs of the house hold investment problem we obtain the shadow price of non-residential

and residential capital

14



(11a) Qtr'j = ﬁEt[qZﬂ(l -8+ ((1 - tK)ig + tK5K)p£'j]

(11b) qp" = Uf, + BE. (i (1 - 6™))
which is equal to the present discounted value of fundamental shocks, namely the after-tax
rental rate of capital and the marginal utility of housing services respectively. As in Bernanke

and Gertler, we assume that in addition there are non-fundamental shocks x}with i €

(K*t, K™, H), which follow a 'near rational bubble' process x},, = %x{l + el witha! < B.

We then define the modified shadow price Q" = qI"* + x} , which follows the process

(12a) (1—2)Q]” = BE(Q/,(1 — 6%) + (1 — t5)i] + tX6%)p}’)

(12b) (1—z)Qr" = U, + BE. (Qr1(1 — 6%))

where zt = (1 — ai)%

Like Bernanke and Gertler, we use the term "bubble™ loosely to denote temporary deviations
of asset prices from fundamentals due to waves of optimism and excessive risk taking in
periods of rising asset prices, and waves of pessimism or panics in periods of increased

uncertainty.

In the context of the current crisis, alternative explanations could be given for a sudden fall in
asset prices. For example, an increase in z; could capture what Gorton (2010) calls a "panic",
to describe the uncertainty about the value of certain asset classes which have forced banks to
deliver and dump assets, leading to falling asset values. A rising z, could also capture what

Hall (2010) refers to as "principal agent frictions", which he models by introducing an
exogenous wedge shock between safe (government bonds) and risky assets (equity and

houses) in order to empirically match rising spreads between safe and risky assets.
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The interest rate that households face when making consumption and investment decisions

depends on the aggregate level of foreign indebtedness (defined as (-B™")/(p,Y, ))

(13) i =i, + rprem(—(:?;)j

t Yt
This specification corresponds to the debt-elastic interest rate premium in the comparison of
methods studied by Schmitt-Grohe and Uribe (2003) in closing small open economy models.
The major reason for this specification is that it induces stationarity. However, we also regard
the interest elasticity w.r.t. foreign debt as an important behavioural parameter describing the
risk tolerance of foreign creditors. The parameter rprem together with the rate of time

preference of Ricardian households determines the steady state debt level of the economy.

3.3.2.  Credit constrained households

Credit constrained households differ from Ricardian households in two respects. First they

have a higher rate of time preference (g° < g") and they face a collateral constraint on their
borrowing. They borrow BS exclusively from domestic Ricardian households. The
Lagrangian of this maximisation problem is given by
(14)
Max V= Eoi UCEL- L HY)

=0
_Eog ﬂfﬂ°t((1+tf) PrCE+ Py @+ = BY + (L4 1) BY) - (-t )wLg +ad” (W) +TtLS’C)
B A (M0 -0 B A (B )
Notice, the collateral constraint increases the shadow price of borrowing as determined by the
Lagrange multiplier y of the collateral constraint.

There is a non-fundamental shock to housing investment which is constrained to be equal

across household types.
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3.3.3.  Wage setting

A trade union is maximising a joint utility function for each type of labour i where it is
assumed that types of labour are distributed equally over constrained and unconstrained
households with their respective population weights. The trade union sets wages by
maximising a weighted average of the utility functions of these households. The wage rule is
obtained by equating a weighted average of the marginal utility of leisure to a weighted
average of the marginal utility of consumption times the real wage of these two household
types, adjusted for a wage mark up

STUL  +S"Up _ @-t") W, ny
sUS +s'UL, A+t°) P '

(15)

where 7" is the wage mark-up factor, with wage mark ups fluctuating around 1/6 which is

the inverse of the elasticity of substitution between different varieties of labour services. The
trade union sets the consumption wage as a mark-up over the reservation wage. The
reservation wage is the ratio of the marginal utility of leisure to the marginal utility of
consumption. This is a natural measure of the reservation wage. If this ratio is equal to the
consumption wage, the household is indifferent between supplying an additional unit of
labour and spending the additional income on consumption and not increasing labour supply.

Fluctuation in the wage mark-up arises because of wage adjustment costs

2
(16) i _m(lvvt J
T W, )= rr— Y
t 2 Hi-lfwnfwwt—l t

3.4. EQUILIBRIUM

Equilibrium in our model economy is an allocation, a price system and monetary and fiscal

policies such that both non-constrained and constrained households maximise utility, final
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goods producing firms, firms in the construction sector and investment goods producers
maximise profits and the following market clearing conditions hold for final domestic goods:
(29) Y, =CJ +J3/™¢ + 3™ 4 CE4 + 189 1+ X,
and final imported goods

(30) M, =C,/ +3™" +C&" +15",

where total domestic and imported consumption C/ is the sum of savers and borrowers
consumption, with their per-capita consumption multiplied by the respective population
shares s" and s°:

(3la) C/=s'C/"+s°C¥ ,withi=d,f

Similarly, total housing investment is defined as:

(31b) I =s"3fr4scyfic

and equilibrium in the labour market is given by

(31¢c) L, =s"L{+s°Ly with Lf =L5.

Credit constrained households only engage in debt contracts with Ricardian households, i.e.

(32) szs B/ .

c

S

3.5. FISCAL AND MONETARY POLICY

Real government purchases (G, ) and investment (1G,) are kept constant in real terms. The
stock of public infrastructure that enters the production function (4) develops according to:

(21)  KG, =IG, +(1-59)KG,,
Nominal transfers (TR, ) are indexed to consumer prices:
(22) TR =trR°

The nominal benefits paid to the non-employed part of the labour force correspond to the
exogenous replacement rate (benr) times the nominal wage:
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(23)  BEN, =henrw,

The government receives consumption tax, labour tax, corporate tax and lump-sum tax
revenue as well as social security contributions. Nominal government debt ( B,) evolves
according to:

B, =(+i_,)B,_, +P°(G, +1G,) + TR + BEN, (1- NPART, - L,) - T, —t’P°C,

(24) —Z(ttw +ss¢” )W, L —Zttk[Pjoj —P"TINT,? — (L+ssc) W, L —8'P'K,]
J J

The labour tax is used to stabilise the debt-to-GDP ratio:
(25) At =7z°(B,/(4RY,)—btar)+7* A(B,/ R)

with btar being the target level of government debt to GDP. The consumption tax and
corporate income tax rates, the rate of social security contributions and the amount of lump-
sum taxes are exogenous.

Monetary policy follows a Taylor rule that allows for a smoothing of the interest rate
response to inflation and the output gap:

(26) i =piy+A-p)(r+7" +7 (2 —7)+7,ygap,)

tar

The central bank has an inflation target 7™ , adjusts its policy rate when actual CPI inflation
deviates from the target and also responds to the output gap (ygap). Monetary policy in the
EA focuses on EA averages of inflation and the output gap.

The output gap is not calculated as the difference between actual and efficient output, but
derived from a production function framework, which is the standard practice of output gap
calculation for fiscal surveillance and monetary policy. More precisely, the output gap is
defined as deviation of factor utilisation from its long-run trend:

(27)  ygap, =alIn(L, / 1°)+(@1— ) In(ucap, / ucap;®)

The variables L;* and ucap;® are moving averages of employment and capacity utilisation
rates:

(28a) L =p"L¥, +(1-p")L,
(28b) ucap® = p*“*ucap’, + (1— p"*)ucap/
The moving averages are restricted to move slowly in response to actual values.

3.6. TRADE AND FINANCIAL LINKAGES

This sub-section describes the key relationships for the dynamics of the trade balance, the
current account and the net foreign asset position in response to relative price and demand
adjustment. Previous sub-sections have determined aggregate domestic consumption,

19



investment and government expenditure, but not the allocation of demand between T versus
NT output and domestically produced versus imported T goods.

In order to facilitate aggregation, private households and the government are assumed to have
identical preferences across goods used for private and government consumption and public
investment. Let Z € (C,G, IG) be the demand by private households and the government, and

let their preferences for T and NT goods be given by the CES functions:

(29) Zt _ I:(l_ Spy )l/a,m (ZtNT )(atrll Diow SmtJJcr[m (ZtTT )(a[m 1)/ Gy :Io'mt/(amt -1)

where ZNT is an index of demand across the NT varieties, and Z™ is a bundle of
domestically produced (Z' ) and imported (Z™ ) T goods:

o, oy,-1/o, o, o,-1lo oyl(oy-1)
30) zT =|:(1_Sm)1/ (2T YW g Yoz M) (oD x]

The elasticity of substitution between the bundles of NT and T goods is oy, . The elasticity of
substitution between the bundles of domestically produced and imported T goods is o,. The

steady-state shares of T goods in Z, and of imports Z" are s, and s, , respectively. All
investment in physical capital in the T and NT sectors consists of T goods.

The CES aggregate (29) combining T and NT goods gives the following demand functions:
(31a) Z' =s, (P /P°) ™ (C,+G, +1G,)
(3lb) Z" =(@-s,)(R" /R°) ™ (C,+G, +1G,)

The intermediate inputs in sector J=(T, NT) are also composites of T and NT analogously to
equations (29) and (30) with T either domestically produced or imported:

(32) INTtJ — I:(l_SintJt)lle (IN-I-t NT,J )(o‘m 1)/ o + (Sin{l t)l/aml (IN-I-ITJ )(0tm 1)/ iy :ICfmt/(crmfl)
n n

(33) |NTtTT'J — [(1_ S, )llax (INTtH )(ax—l)/ax + Sml/ax (lNTtM J )(ox—l)/ox ]Gx/(cfxfl)

This gives demand functions for T and NT intermediates analogously to (31):
(34a) INTtT*J :s,in;‘m(F{T / R'NT'J ) INTtJ
(34b) INTN =(L—sin] )(P"T / B"™T+?) 7 INT

Combining the demand functions corresponding to (30) and (33) and allowing for sluggish
volume responses to price changes ( p,, ) gives the import demand equation:

pMY -
(35) Mt=pth1+<1—pm)sm[etpaJ (27 + 201+ 20 INTT)
J J

t
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Including inertia in the response of trade volumes to prices is able to generate a J-curve
response of the trade balance to changes in the real exchange rate; in addition there is inertia
in import prices (o, ):

fpT,f \Ior
F e P
(36) RM=pme“1+(1ppm){Z”(sn2 o ] ]

where s' is the share of the country of origin f in domestic imports and P™' the price of
tradables set by producers in f.

Bilateral imports from the individual model regions (f), which are foreign regions from the
perspective of the domestic economy, are given by:

@) M/ =p M/ +( (&R
¢ =PuMi+A-pp)s e p¥ t

tt

which allows for sluggish adjustment ( p,,) of the import basket to changes in the relative
price.

The exports of the domestic economy equal the sum of bilateral imports of foreign regions
from the domestic economy. The trade balance of the domestic economy is net trade in value
terms:

38) TB =P'X,—P"M

t

Adding interest income on the net foreign asset (NFA) position gives the current account:
(39) CA= it*—let Bt*—l + RT X, —& RM M,
The law of motion for the NFA position is:

(40) € Bt* =1+ it*—l)et Bt*—l + PtT xt _etRM Mt
The focus on the NFA position abstracts from valuation effects on the gross asset or liability
side.

The model requires an external closure to rule out explosive NFA dynamics as illustrated by
Schmitt-Grohé and Uribe (2003). The model uses a closure rule that relates the external risk
premium in (16) to the NFA position of the domestic economy relative to the baseline (target)
positionbwy" :

(41)  rprem =—rprem(e,B /(4RY,) ~bwy")

An increase (decline) in the NFA position of the domestic economy increases (reduces) the
risk on foreign relative to domestic bonds. An increase in the relative risk of domestic assets
in response to a fall in the domestic NFA position reduces domestic consumption and
investment demand, which improves the trade balance and stabilises the NFA position.
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3.7. PARAMETERISATION

The paper uses a 2-region version of QUEST with tradable (T) and non-tradable (NT)
sectors. We distinguish between the Euro area (EA) and a rest of the world aggregate (ROW).

The parameterisation of the model's long-term equilibrium is based on input-output tables,
public finance statistics and the AMECO database and summarised in Table 1 for the EA
region. The parameter values governing the model dynamics in the short and medium term,
e.g. substitution elasticity values, nominal and real adjustment costs, inertia in trade prices
and volumes, the share of liquidity-constrained households, consumption habits, and policy
response parameters, are based on an estimated version of the model by Ratto et al. (2009)
and Kollmann et al. (2014).

Table 1: Model parameters and ratios®

Name Value | Name Value
L Elasticity of substitution between value
Erictions: added and intermediates (oj,) 0.50
Average price duration (quarters) 5 | Fix costs of production (FCY) to GDP 0.17
Average wage duration (quarters) 3 | Overhead labour (LO) to total employment 0.06
Import price stickiness (pym) 0.90 | Steady-state intermediate share T (sin") 0.74
Labour adjustment cost (y,) 25.0 | Steady-state intermediate share NT (sin"") 0.44
Capital adjustment cost (x) 20.0 St_eadxstate T intermediate share in T 061
(Sing )
Investment adjustment cost (y;) 75.0 (Sstienad,x;itate T intermediate share in NT 0.43
tnt

Linear capacity-utilisation adjustment cost Elasticity of substitution between types of

0.04 6.5
(Yucap1) labour (0)
Quadratic capacity-utilisation adjustment cost 0.05 | Depreciation rate T capital stock (57) 0.02
(Yucap,z)
Share of forward-looking price setters (sfp) 0.90 | Depreciation rate NT capital stock (5" 0.01
Share of forward-looking wage setters (sfw) 0.90 | Depreciation rate public capital stock (59 0.01
Preferences: Equity premium (i%-i) 0.01
Share of LC households (s') 0.40 | Persistence of potential employment (p,) 0.95
Discount factor (B) 0.99 | Potential capacity utilisation persistence 0.99

7 (pucap)

Habit persistence (h) 0.70 | Eiscal policy:

° Note: Parameter table to be updated
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Inverse of elasticity of labour supply (k) -5.00 | Corporate profit tax (t*) 0.28

0.00

Utility weight of leisure (o) 1 Consumption tax (t°) 0.17
Labour force to population (1-NPART) 0.71 | Labour income tax (t*) 0.25
Steady-state employment to population (L) 0.66 | Social security contributions (ssc) 0.15
Elasticity of substitution T varieties (o7) 8.3 | Transfer share (try) 0.16
Elasticity of substitution NT varieties (on7) 5.0 | Benefit replacement rate (benr) 0.40
Elasticity of substitution T-NT (6 0.50 | Baseline government debt to GDP (btar) 0.62
Elasticity of substitution in total trade (o) 1.50 | Parameter debt (Tb) 0.01
Elasticity of substitution between import 0.99 | Parameter deficit (<**) 0.10
sources (oy)

. . . . 0.002
Steady-state consumption share of T (Sy) 0.41 | Risk premium (risk) 5

Steady-state consumption share of imports (S,,) | 0.41 | National accounts (share of GDP):

Persistence in total import demand (py,) 0.90 | Private consumption 0.67
Persistence in bilateral import demand (pmy) 0.90 | Investment 0.10
Production: Government purchases 0.19
Cobb-Douglas labour parameter (o) 0.65 | Government investment 0.04

Cobb-Douglas public capital stock parameter

0.09 | Imports 0.46
(ag) P

4. SCENARIOS (TO BE COMPLETED)

The aim of this section is to describe the exogenous disturbances we subject the model to in
order to attempt to capture economic developments in the Euro area since 2009 in a stylised
fashion. We divide up the period of interest (2009 - 2015) into two sub-periods: the first lasts
from 2009 until the end of 2011 and marks the financial crisis and subsequent (short-lived)
recovery. The second period starts in 2012 and covers the sovereign debt crisis and
subsequent recovery. We make this distinction in horizons as it is implausible to assume that
shocks attributed to the sovereign debt crisis in 2012 could have been anticipated at the
beginning of the financial crisis in 2009.

Risk premia:

Both the 2009 and the 2012/13 recession was characterised by a strong reduction of corporate
investment (in particular equipment investment). We choose a "risk premium" shock in these
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periods in order to allow us to generate this decline of investment, when combined with other
shocks. To concentrate on risk premia shocks is justified by the fact that these two periods are
characterised by peaks in various financial risk measures (e.g. yields on non-financial firms).
To appropriately calibrate a risk premium shock we would ideally need data on observed risk
measures (e.g. a corporate bond spread). However, such corporate bond spreads are generally
only reported for bonds with a maturity of 5 to 10 years and hence fail to display the
underlying term structure of risk. As a result, we are obliged to discipline our shock
calibration by using the risk premium on yields of non-financial firms of the Euro area from
the European Central Bank's key policy rate. We adjust upwards our implied risk premium
shock in order to account for the generally higher risk premia implied by corporate bond
spreads, but restrict its size so as not to exceed the 5 year corporate bond spread. As
suggested by the unanticipated nature of the sovereign debt crisis, we feed the risk premium
shock to the model at two stages: in 2009 and subsequently as an unexpected event in
2012/13.

Housing investment

In several Euro area countries (e.g. Spain) housing investment before 2009 was largely driven
by housing bubbles. This suggests that the quantification of a risk shock in the housing sector
is more problematic.

To calibrate the risk premium shock in housing investment we proceed in the following
fashion. First, we take as given the persistent decline in housing investment which can be
observed in the data. Second, we engineer a persistent increase in the housing investment risk
premium, which will be able to replicate the pattern we observe. In particular, we choose the
size of the shock such that the model can replicate the decline in the housing investment-to-
GDRP ratio and the fall in house prices since 2009.

It is shown in In 't Veld et al (2014) that the bursting of a housing bubble in the model can be
approximated with a highly persistent increase of the risk premium on residential investment.
Equally, the same effect can be generated through a highly persistent reduction of a negative
risk premium.

A further question we want to address with these risk premium shocks is to what extent such
shocks (capable of explaining the decline of corporate investment in 2009 and 2012/13
respectively and residential investment since 2009), can explain the slowdown of growth,
disinflation as well as the other stylised facts for the Euro area economy.

TFP

Concerning trend TFP shocks we use information from DG ECFIN's medium term projection
exercise. Using this data gives us two sets of useful information. First, by comparing various
post 2008 medium-term projection vintages we can trace how the severity of the growth
slowdown is unfolding over time. Second, by comparing pre-crisis and post-crisis medium-
term projections we can evaluate the extent in which trend income/productivity growth
projections have changed. This provides us with quantitative information about the revision
of trend income growth expectations before and after 2009. Note also, the Production
Function method not only provides us with information about revisions in GDP growth, but it
also decomposes these growth revisions into revisions of underlying supply side trends, in
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particular TFP. The latter is particularly useful for identifying the type of TFP shocks we are
interested in.

With each forecasting exercise DG ECFIN calculates output gaps using a production function
approach. A crucial output of this exercise is the estimate of trend TFP in addition to a 5-10
year projection. Our exercise in this paper assumes that the trend TFP projections summarise
well expectations about technology trends. Comparing various vintages allows us hence to
trace the speed in which revisions about the technology trend have occurred.

Given this information we construct a TFP shock that has the following features. In 2009,
there is a persistent decline in the growth rate of TFP. This mirrors the downwards revisions
of expectations regarding future productivity. In addition, we also impose a downwards shift
in the level of TFP of 2.5%. In 2012 and the onset of the sovereign debt crisis, there is a
further decline of smaller magnitude in the growth rate, however not with an accompanied
level shift.

Fiscal Policy

Changes in fiscal instruments during the years 2009 — 2013 were arguably also one of the
important determinants of the observed growth slowdown. In 2009 euro area member states
introduced fiscal stimulus measures to support growth (European Economic Recovery Plan),
but following the sovereign crisis in 2011 embarked on fiscal consolidations. To calibrate
fiscal policy shocks in the model we use the change in the structural balance of the general
government for the Euro area. This shows during the first sub-period an expansion, followed
by a neutral fiscal stance in 2010, and then consolidations from 2011 onwards. Hence, in the
second sub-period, the shock we impose is that of a fiscal consolidation. Given the richness
of the model, we are able to distinguish between changes in government consumption,
government investment and transfers, and hence appropriately calibrate these disaggregated
components rather than setting a unique aggregate fiscal shock through government spending
alone.

Private Sector Deleveraging

In order to calibrate the private deleveraging shock we would ideally require information on
how financial intermediaries have tightened their loan-to-value ratios during the course of the
financial crisis. However, appropriate data for this is problematic to obtain. We thus base our
strategy by engineering a tightening of loan-to-value ratios in the model so that we can
replicate the observed household debt-to-GDP data. In particular, we restrict the loan-to-
value ratio such that we can match the observed 10% in household debt-to-GDP over a 10-
year horizon.

Wage Mark-ups

We also include a wage mark-up shock in the model as two stylized facts we are interested in
matching are the increase in the consumption-to-GDP ratio and the increase in the wage share
(real unit labour cost). Most DSGE models are currently lacking theoretical mechanisms that
can endogenously generate decreases in employment at stable nominal wages. By the
inclusion of the mark-up shock we are hence attempting to capture the persistently rising
wage and consumption shares.
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We perform the calibration of this shock last. Once all other shocks have been imposed we
set the magnitude of this shock at a level that can engineer an increase in consumption-to-
GDP shares.

5. RESULTS™

Simulations of Individual Shocks

We proceed by presenting the effects of individual shocks on the macroeconomic variables of
interest, and discuss what stylized facts can be replicated each time. We also describe the
transmission mechanism as implied by the model.

Private sector deleveraging

As can be seen in Figure 7 a shock to private deleveraging alone falls short from matching
many stylised facts of the growth slowdown observed in the data. Although we are able to
replicate the improvement of the trade balance, the decline in GDP is not very persistent,
returning to its baseline by 2013 (period 5). The drop in GDP is partly triggered by a decline
in housing investment, but this decline is not large enough to match the implied construction
investment-to-GDP ratio. The latter can be potentially attributed to the share of credit
constrained households imposed in the calibration of the model, which is set at 0.4.
Furthermore, an important counterfactual result is the implied decline of the consumption-to-
GDP ratio. Notably, this directly follows from the nature of the shock, which induces a
tightening in households' credit constraints, triggering a decline of both consumption and
housing investment. In addition, the decline of consumption induces households to supply
more labour at a decreasing wage, leading to a declining real unit labour cost.

Fiscal Policy

In Figure 8 we plot the simulated responses following two fiscal shocks. The first year fiscal
expansion increases GDP, employment, the consumption-to-GDP ratio, the real unit labour
cost, and reduces investment-to-GDP on impact. Due to the nature of the path we impose for
fiscal policy (a one-year expansion, followed by a neutral stance in the second period, and a
subsequent consolidation in the third year) implies that all the effects are largely confined to
2009.

TFP

As can be seen from Figure 9 the TFP shock alone can quantitatively explain most of the
decline in GDP. It is also successful in replicating the persistent decline in inflation.
However, as the Euro area has been subjected to numerous adverse shocks during the crisis
years and subsequent recovery period, we would not expect this shock alone to be able to
explain the full decline in output.

Furthermore, due to the presence of real and nominal rigidities in the model the TFP shock is
able to generate a fall in employment and an increase in the real unit labour cost in the short
run. We conjecture that the persistence of the TFP shock (captured by an autocorrelation
coefficient of 0.98) may not be strong enough to further lead to reductions in employment in

1%1n order to facilitate reading the simulation results have been introduced in an Appendix
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the medium run. Alternatively, the model may be lacking a mechanism to generate a
countercyclical wage mark up.

Recall, that the calibration of the TFP shock has been implemented so that in 2009 we also
induce a downward level shift of TFP (of approximately 2.5%) in order to capture the
revision of overly optimistic pre-crisis trend TFP expectations. Given that the model is solved
using deterministic simulations, the assumption of perfect foresight implies in the following
periods households and firms can fully anticipate the persistent decline of TFP growth rates.
Due to this feature, the model generates a strong downward adjustment of consumption, but
also causes investment rates (as a ratio to GDP) to remain stable. As we have shown
previously, this is a counterfactual. Due to this, the shock to TFP growth is also unable to
generate an improvement in the trade balance.

Risk premium

Our calibration of risk premium shocks has been undertaken by recognizing that in 2009 and
2012/13 the Euro area was subjected to rising risk spreads. The 2009 episode was due to the
financial crisis, whereas in 2012/13 the sovereign risk crisis was the main driver. The latter
episode also implied large sizable spillovers to the private sector because of the large
exposure of the banking sector to sovereign assets. When the 2009 risk premium (financial
crisis) shock hits the economy we make the assumption that the subsequent sovereign debt
crisis in 2012/13 is not foreseen by agents in the economy. Thus, 2012 and 2013 risk shocks
are unanticipated in these years.

A higher price of risk (as shown by higher spreads between risky and safe assets) is able to
match a number of stylised facts at least qualitatively. As can be seen in Figure 10, risk
shocks to the model are especially able to replicate the strong, but temporary decline of
corporate investment as observed in the data. In addition, they are able to capture declining
inflation rates. The endogenous monetary policy response due to the decrease in inflation also
leads the consumption-to-GDP ratio to increase. However, due the fall in domestic demand,
the trade balance (as a % of GDP) declines rather persistently. In addition, the risk premium
shocks fail to capture the increasing wage share (real unit labour cost).

Housing risk premium

As mentioned earlier, the persistent increase in the risk premium of housing investment can
be interpreted as the expectation of higher future income risk. Alternatively, it can signify the
bursting of a housing bubble.

In Figure 11, we can see that the housing risk premium shock appears more successful than
the deleveraging shock in matching the stylised facts of interest. The main reason being that
this shock shifts spending from investment to consumption. However, as in the case of a
private deleveraging shock, the reduced residential investment cannot explain the fall of
GDP. In addition, since it operates by inducing a shift mostly in domestic expenditures it
cannot explain the increase in the trade balance-to-GDP ratio.

Wage mark-up

All the above individual shocks were found to be struggling to replicate two important
characteristics in the data, namely, the observed increase of the wage share (real unit labour
cost) in the EA since 2008, as well as the increase in the consumption-to-GDP ratio. This is a
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general feature of current DSGE models, which lack mechanisms that keep wages high and
prevent an adjustment of employment™. Here we show that a rising wage mark-up could
indeed account for a persistently rising wage and consumption share as well as a more
persistent decline of employment (Figure 12). Clearly, a wage mark-up shock will not be
deflationary and hence not be able to explain the increase of the trade balance. However, as
already illustrated, these features in the data can be matched by the other proposed shocks.

Simulations of All Shocks

The shocks we have considered in this exercise go a long way in explaining the persistent
decline of GDP and inflation in the Euro area (Figure 13). We also can account for a
persistent decline in the investment to GDP ratio and a slight increase in the consumption to
GDP ratio, which results in a persistent increase in the trade surplus. The main labour market
facts, in particular the increase in the wage share can so far only be explained by an
exogenous increase in the wage mark up. It remains an interesting area of research to find
explanations for stronger countercyclical mark ups than currently generated by DSGE
models.

6. CONCLUSION

It is well known that financial crises lead to prolonged periods of low growth. The 2009
financial crisis is no exception. This paper tries to account for the explanatory power of
various hypotheses which have been put forward. We find that the shocks most directly
associated with financial crises, namely risk premia and deleveraging shocks, are indeed
important for matching many of the stylised facts, but the decline in trend TFP growth is the
main driver explaining the slow recovery from the crisis. Many of the stylised facts can be
partially explained by increasing risk premia but less so by deleveraging, since the later fail to
explain the increase in the share of private consumption in GDP. However those shocks are
not able to explain the persistent decline of GDP growth in the EA. This can be more
successfully done by the decline in the trend growth rate of TFP, as for example identified by
potential growth estimates of DG ECFIN. More work is needed to explain the persistence of
crucial labour market indicators such as employment or the wage share. Promising avenues
for research in this are finding mechanisms to increase countercyclical mark ups or exploring
cyclical behaviour in payroll taxes.

The results we have obtained using a DSGE model also support assessments of potential
growth as conducted by many policy institutions which all point in the direction that the
current slump in the EA is largely due to a decline of potential growth. Notably, potential
growth estimates are generally not based on estimated DSGE models but rely on time series
filtering of either GDP or its supply side components, using a production function
framework. Three elements in our DSGE model based analysis point towards a decline of
potential growth. First, we find a declining trend TFP growth necessary to generate a
persistent decline of GDP and inflation. Second, the increased risk premia have a sizeable
effect on capital formation and third an increase in the NAWRU as often estimated for the

** One mechanism, which could lead to an increase in the wage share, is raising social security contributions.
That this is important for EA countries has recently been demonstrated by Burda and Weder (2015).
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EA is not inconsistent with the need to increase the wage mark-up in a standard DSGE model
in order to generate a persistent decline of the employment rate.
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Figure 6: Private Deleveraging Shock (solid blue line: model, dashed black line: data)
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Figure 7: Fiscal Shock (solid blue line: model, dashed black line: data)
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Figure 8: TFP Shock (solid blue line: model, dashed black line: data)
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Figure 9: Risk Premium Shock (solid blue line: model, dashed black line: data)
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Figure 10: Housing Risk Premium Shock (solid blue line: model, dashed black line: data)
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Figure 11: Wage Mark-up Shock (solid blue line: model, dashed black line: data)
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Figure 12: All Shocks Combined (solid blue line: model, dashed black line: data)
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